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Background and Motivation

Eustachian Tube (ET) connects the
% Middle Ear to the Nasopharynx.

ET has three primary functions:
Nasopharynx *Drainage of ME fluid
*Equilibrate ME pressure
*Protect ME from Pathogens

Mastoid
Middle ear

ET dysfunction has been directly
linked to Otitis Media.

B Eustachian
tube Otitis Media has an annual health-

related cost of $4 billion dollars in
the US. [1]

Reprinted from Bluestone, Charles D, and Klien, Jerome O., Otitis Media
in Infants and Children Third edition, W.B. Saunders Company, 2001
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mng Goals

Data Acquisition
Computer

Pressure and Flow
Rate Transducers

Perforated Tympanic
Membrane

Syringe Pump /
ET
\ G?\(

Ajrtlght Seal (L. >_<

*In the clinics, we can perform a diagnostic procedure called a Forced Response Test (FRT)
*Patient is hooked up to experimental apparatus shown above and asked to swallow

First Goal: Create a transient COMSOL model that can replicate FRT results to serve as
model validation

*Use validated model to explore other parameters involved in ET function



gl DEPARTMENT OF

@1510] B|0MEDICAL

SYAI £\ GINEERING

Experimental Data
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me of the Eustachian Tube

Define Cross Sections Loft Cross Sections Full 3D CAD Model

Cartilage _
Lumen ﬁ‘ (( :

Glandular
Tissue ¥ |

TVP Muscle

y (Superior) =
£ 75% \ Nasopharynx
z (Distal)
TVPM

=N ~ Hamulus

Middle Ear LVPM Glandular Tissue
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Final Analyzed 3D?5eometry

Green domain is
the Cartilage

Red domain is the
Fatty Tissue

_ Blue domain is the
Lumen Opening
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Solid Mechanics P?operties

Both Cartilage and Glandular Tissue are represented by Mooney-Rivlin
Hyperelastic material models.

! E...=300kPa 23]  Eg,,—0kPa 23]
E E
K = Ci=——
3(1-2v) 4(1+v)
W, =C, (T, ~3)+ ~x(J -1)
1 hyp — ~o1\'2 +§K ( o )
I —— — | oW
F o P = WP where U=|Y
: ovVu
o o) (oo ) (o = & —Z—
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Solid Boundary Cnditions

Boundary Conditions: Applied Loads:

sAttachment of ET to the cranial » Tensor Veli Palatini (TVP)
base of the skull muscle force

sAttachment of soft tissue to the * Levator Veli Palatini (LVP)
bony portions of the ET at the proximal muscle force

and distal ends e Fluid forces

18
w0 LMW _rako S Elm2lLVT_sres | ‘

v LMW MW ratifs e S Wit |

o) o ) (oo J [ ] =
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Solid Boundary Conditions (cont)

000000

Al TVPM load vectors i
point to the position of ‘3§
the Pterygoid Hamulus

- S All .LVPM load vectors are
= normal to the applied surface
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Solid-Fluid Coupling

Arbitrary Lagrange-Eulerian (ALE) equations

, X X
0" X
6X-2:O where X, =|Y| & Xj= Y
’ 'z ' Z |
In the Solid Domain, fluid force is In Fluid Domain, velocities from solid
applied on the interface boundaries deformation is applied to interface boundaries
o
T, =on,=(-pl +n(Vu+(Vu)' nn, oot u, v, and w are the
oV solid displacements
— — (_ T -
T,=on, =(-pl+n(Vu+(Vu) ))n, v, p where and u,, v, and w, are
T, =on, =(-pl+7(Vu+(Vu)" )n W oW the fluid velocities
=
ot



58 DEPARTMENT OF

@1510] B|0MEDICAL

SYAI £\ GINEERING

FIid Domain

Due to the complexity of the geometry, a
coarse, tetrahedral mesh is used with
high order elements to accommodate the
large displacements without any element
collapse.

— 10
paxi
,  where V; =|V,
_'_|_pv %—_@4_ 0 Vi ny
Pt "ox. ox ﬂaxiéxj -2

Fluid equations are solved in the moving reference frame!!
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mliResults

Solid Displacement field and Fluid Velocity vectors

5x10-4 m

2 2 2 2 2 2
Eeft :\/5(5x tey +6;)+2Exy T3z +Ey7)

Effective Strain 0.35

J
Model Troubles: om
eStatic solutions only
*Model unstable
*Fictitiously viscous fluid domain 2l

Solid — Fluid coupling only

[e)
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Test Model

Anatomically correct -
lumen opening  \ S

Lumen opening
surrounded by N

cylinder of cartilage

Cylinder is loaded with a
uniform, outward radial
force to expand lumen
opening.
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Test IVIodeI Results

Precent v adimne ¢ ]ﬂ.ﬂﬂl\f e Lumen mﬂllﬂt
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Test Model Results
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Future Work

Incorporate a viscoelastic Simulate the
material model for the Fatty drainage/flow
~Tissue E, of highly
— /WA viscous
E, mucus
e — through the
L ET
L I_ Infected fluid Eustachian tube

in middle ear

Through the use of Steered > 1007
. . O~

Molecular Dynamics, create a multi- £ £ 75 |
D < E

scale model which includes 28 50
molecular adhesions 3 Q

ST 251

Fluid-mucosa Iayer //// Soft tissue elements "(Z e Irreversible Constriction!!
N 8= °]
ME or bronchi Nasi!lcavllty o : : : : : :
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