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1. Comment modéliser la géométrie du muscle ?

2. Comment obtenir les paramètres géométriques ?

3. Une loi “classique” du muscle ?

4. Des modèles alternatifs ?

5. Une modélisation simple qui soulève des questions…

6. Quelques-unes de ces questions



1D model (li)(1)

• Muscle = 1 straight line of action



• 1D muscle
• Deals dynamically with obstacles by

wrapping along the bone and joints which
are represented by cylinders or spheres

1D model (li) (2)



2D model (fi,li)

• Modeling a bundle (several hundred fibers)
• Based on dissection 
• Recording of 3D coordinates by a MicroScribe digitizer (origin and insertion + 6-12 intervening points)
• Detection of collision and wrapping around bony parts



3D model (x,y,z) (1)

• Global volume model
• For computer-graphics application, requirement of 3D visualization
• FEM resolution based on a Zajac muscle model
• Not based on a specific definition of the muscle fibers



3D model (x,y,z) (2)

• The fiber architecture is specifically 
modeled



3D architectural model

• The fiber architecture is 
specifically modeled



3D geometric modeling from dissection 



3D geometric modeling from CT

Osirix Web site



3D geometric modeling from MR 



See:

10h30-11h00 Exploration des fibres musculaires par échographie et IRM. 
Ahmed Larbi, département de radiologie ostéoarticulaire, CHRU Montpellier

3D geometric modeling from ultrasound



3D geometric 
modeling from µ-CT 



LM

CE: Contractile Element (= active muscle force)

Related to the activation a(t), the muscle fiber length LM(t)
and to its contraction speed vM(t)=d LM(t)/dt :

FCE(a, LM ,vM) = a . FCE
0 . fl

CE(LM / LCE
0) .  fv

CE(LM / LCE
0)

fl
CE=Gauss

Ex. exp

PEE= Passive Elastic Element  
(= muscle resistance)

Related to the muscle fiber length 
LM(t)

FPEE(LM) = FCE
0 . fPEE(LM / LCE

0)

fPEE=exp

SEE= Serial Elastic Element  
(= tendon elasticity)

Related to the tendon length LM(t)

FSEE(LT) = FCE
0  . fT(LT / LT

0-1)  pour LT > LT
0

fPEE=x2

PEE
SEE

• Muscle : FM(a, LM ,vM) = FCE(a, LM ,vM) + FPEE(LM)

• Tendon : FSEE(LT)

The Hill-Zajac mechanical model (1)



LM

PEE
SEE

H1: Linear displacement (h=cste)

(1) M(t) =arcsin(sin 0 . LCE
0 / LM )

(2) LMT(t)=LT(t)+LM(t) . cos M(t) 

H2: Quasi-static (m and a small) :

(3) FMT(t)  = FSEE(LT) = FM(a, LM ,vM). cos M(t) 

h

(1) → FMT(t) = FSEE(LT) = FM(a, LM ,vM) . c(LM)

(2) → FMT(t) = FM(a, LMT -LT, vMT-vT ) . c(LMT -LT)

(3) → LT = FSEE -1(FMT(t))

(2)+(3) → FMT(t) = f(a, LMT, vMT, FMT(t), dFMT(t)/dt)

• Static optimization: measurements of body motions → muscle forces
• Dynamic optimization: muscle activation → body moƟon

The Hill-Zajac mechanical model (2)

This mechanical model can be extended, in particular, to take 
into consideration more precisely the apeunorosis.  



Add an equation to model the effect of the connective tissue and the biofluids surrounding the fibers 
(= consitutive law): 

• Simple: linear (simplistic)
….

• More realistic: hyperelastic, incompressible (volume conservation), transversely isotropic

Resolution by FEM



Alternative models?

• Huxley model (based on physiology)….

• Simplified models (often used for animation real-time applications) as 
mass-spring systems….



Modeling a “simple” muscle: 
the superficial masseter (1)

• Superficial layer: 
• Zygomatic insertion by a strong and 

thick aponeurosis
• Maxillar insertion

• Deep layer:
• Maxillar insertion by an 

aponeurosis
• Zygomatic insertion



Modeling a “simple” muscle: 
the superficial masseter (2)

• Superficial layer: 
• Zygomatic insertion by a strong and 

thick aponeurosis
• Maxillar insertion

• Deep layer:
• Maxillar insertion by an 

aponeurosis
• Zygomatic insertion



Modeling a “simple” muscle: 
the superficial masseter (2)

• Superficial layer: 
• Zygomatic insertion by a strong and 

thick aponeurosis
• Maxillar insertion

• Deep layer:
• Maxillar insertion by an 

aponeurosis
• Zygomatic insertion



Modeling a “simple” muscle: 
the superficial masseter (3)

• Superficial layer: 
• Zygomatic insertion by a strong and 

thick aponeurosis → quadrilateral with an edge along the zygomatic line 
• Maxillar insertion

• Deep layer:
• Maxillar insertion by an 

aponeurosis→ quadrilateral with an edge on the along the maxillar line 
• Zygomatic insertion

• Muscle belly composed of straight fibers linking consistently the 2 quadrilaterals



Modeling a “simple” muscle: 
the superficial masseter (4)

Woman, around 70 y. CT-Scan (497 x 512 x 512 / voxel size= 0.488281 x 0.488281 x 0,40 mm



Modeling a “simple” muscle: 
the superficial masseter (4)



Modeling a “simple” muscle: 
the superficial masseter (4)



Modeling a “simple” muscle: 
the superficial masseter (4)



Modeling a “simple” muscle: 
the superficial masseter (5)

Rough segmentation of the soft tissue around masseter, by thresholding. 



Modeling a “simple” muscle: 
the superficial masseter (6)

Fiber length in mm = 32.28 in [28.60, 35.21]
[Leon et al., 2006] = 30,16 (superficial) / 26,49 (deep) 



Modeling a “simple” muscle: 
the superficial masseter (6)

Fiber angle in degrees = 54 to 80 
[Leon et al., 2006] = 51.61 (superficial) / 85.84 (deep) 



Modeling a “simple” muscle:  
the superficial masseter (7)

Comparison with a straight line of action representation:

• Fiber length in mm = 32.28 / LoA in mm = 49.99

• Completely different direction

→ Should be tested with the same biomechanical law (Hill-based) to analyze differences.



How to model aponeurosis (and… tendons) ?



How to measure the physical parameters?

• Huge variability

• May vary w.r.t. to the age

• How to define the optimal length (= rest length ?) in a configuration of several interacting 
muscles?


