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Ligaments and Tendons:

Structure

TENDON HIERARCHY

Evidence :

X ray X ray x ray EM SEM

EM EM EM SEM oM

TROPO-

COLLAGEN o

35A staining
sites

reticular

§ membrat
fibroblasts .wuveform fascicular
crimp g;ruc?ure membrane
Ic I. | S | | L
IS5A 35A  100-200 A 500-5000A 50-300y 100-500
SIZE SCALE

MM
Cusp —*”’fﬁ,ﬂé:'.\

Enamel
Dentin
Gum
Pulp
Cementum

Periodontal
igament

Alveolar bone

Apex

Z2=0X00

n—-00»m




-

o

A
stress

A

stress

I

TOE
REGION

LINEAR
REGION

FAILURE
REGION

Tensile Behavior
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The comparison of the experimental
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et al., 1993)
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Preconditioning Process

Stress
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Strain Control

>

A Stress Control

Stress

Strain

Tissue’s internal structure changes with (stress
controlled or strain controlled) cycling loading.

At the steady state, no further change occurs (unless
cycling routine changes).
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Model Formulation

o(t)
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o(t)

g(t) - ,,(t) —
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Matrix

A

E,; = Fiber Stiffness
o, = Total Fibers Stress

e

E., = Matrix Stiffness
e, = Matrix Elastic Strain
o = Matrix Elastic Stress

1
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N, = Matrix Viscosity

o, = Matrix Viscous Stress

e(t) = Total Tissue Strain

o(t) = Total Tissue Stress
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Total Fibers Stress:

o.(t) = ]Ef(e — £_)P(€, )de,

g, = straight fiber strain £

Welibull Distribution.
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Fraction of straight fibers during loading.

p(g) =

x(g;) = [ p(e,)de,




Stress Equilibrium:

o(t) =0, (1) + Of (t) =0, (t) + o, (1)

1

o (t)=E. g, (1)

Governing Equation:
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General Solution: Strain
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JE, £()e""dt+C
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where - % ,C = constant determined by initial condition

o(t) =0, (t) +
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Softening Model: j
o :

i — Strain
Ei+1 _ (1 _ 8m@g:() )EI c20 / g=|£—:,v,
m i m

€

M@e=¢),

__ Where i = the number of l00p, €q;.¢ = 0 Y
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Preliminary Results
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Preliminary Results
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Conclusion

* The model can physically describe preconditioning in
ligaments and tendons by accounting for their internal
structure.

e These preliminary simulations have good qualitative

agreement with experimental data published by Dorow et al.
(2001).

e Evaluation of model parameters requires more experimental
data.

e The model will be extended to describe other viscoelastic
behaviors (e.g. relaxation and creep).




