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INTRODUCTION
Many  training  concepts  in  preventive  medicine  and 
rehabilitation take muscle properties such as contraction speed 
(fast  vs.  slow) or  the topography of  the muscles  (mono- or 
biarticular) into account to achieve optimal training outcome. 
The  internal  architecture  of  muscles,  however,  has  largely 
been neglected although parameters such as the direction or 
length of muscle fascicles and also the proportion of fleshy to 
tendinous parts have been shown to have a major impact on 
the contraction behaviour of  a muscle and its  intramuscular 
stress and strain distribution. Because of this is it necessary to 
reconstruct  the  different  tissues  with  their  anisotropic 
behaviour and to integrate them in a 3D-model.
With our 3D-model, we aim to increase our understanding of 
the  intramuscular  stress-strain  behaviour  of  the  deep  back 
musculature  in humans in order  to test  various training and 
work-related situations.

METHODS
We have  developed  a  finite  element  method  (FEM)  model 
based  on  the  morphological  data  of  an  adult  male  human 
cadaver  (57 years,  92,6 kg).  For this,  we have reconstructed 
the skeleton from a CT-Scan of the complete torso. In addition 
we have reconstructed the muscle fascicles based on a layer-
wise dissection of all perivertebral muscles. The reconstructed 
muscles  are:  m. spinalis  thoracis,  m. iliocostalis  lumborum, 
m. longissimus  thoracis,  m. multifidus  et  lumborum  and 
m. quadratus lumborum [1, 2].
The modelled FEM geometries (spatial structures) were based 
on the reconstructions  and  edited  with the  custom software 
'cloud'.  Thereby  each  geometry  was  build  up  of  cubes 
(4x4x4 mm) as a representation of the reconstruction (Fig. 1). 
Specific material properties were assigned to each cube [3, 4, 
5, 6] and the specific fibre directions of each muscle fascicles 
were  additionally  assigned  to  the  cubes  (future:  additional 
assignment  of  the  fibre  types).  After  the  assignment  of  the 
punctum fixum et mobile and applied forces (contractions [7]), 
it was possible to simulate different situations.
We used the nonlinear finite element solver 'FEBio' from the 
Musculoskeletal  Research  Laboratories  (University  of  Utah, 
USA) [8] on a Sun Fire X4600 (8 Dual-Core AMD Opteron 
and 32 GB). With 'FEBio' it was possible to simulate a quasi-
static  or  dynamic  simulation.  For  simplifying,  we  used  a 
quasi-static simulation. After the simulation, we visualized the 
stress and strain values with postview [8] and additional could 
thus evaluate the displacement (translation and rotation) of the 
bones and cartilage. Currently we refine our model to remove 
technical caveats such as imprecise muscle properties (cardiac 
tissue [7]) and to finishing the validation of the model.
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Figure 1: Different views of the modelled FEM geometries of 
bone, cartilage, tendon and muscle tissue. The geometries are 
build up from cubes (4x4x4 mm) assigned with the respective 
material properties. Note that the thoracic muscle parts were 
disregarded as the thoracic region is immobile in the model 
and the different  colours  represents  the different  geometries 
(properties).

RESULTS AND DISCUSSION
First, we tested our model (without tendon and muscle tissues) 
with real data from the literature in a static load test for the 
lumbal region [9]. This test resulted ventrally in compressive 
and dorsally in tensile strains of the intervertebral discs. With 
the  resulting  vertebral  trajectories,  we  could  refine  the 
stiffness  of  the  lumbal  region  based  on  the  real  vertebral 
trajectories from Panjabi [9] and verify our model. Although, 
the model is actually a simplification of the lumbal region, it 
works fine for small bendings and rotations.
After the validation of the lumbal region, it was possible to 
test  our  model  with  all  tissues  in  a  number  of  specific 
situations (additional tendons and muscles). The simplest test 
is the contraction of different muscles and testing the influence 
of  a  muscle  on  other  tissues.  For  example  a  unilateral 
contraction of the m. longissimus thoracis caused tensile strain 
throughout the contralateral muscles, but resulted ipsilaterally 
in a locally varying compressive and even tensile strain due to 
the particular  intramuscular  fascicle  geometry (Fig. 2).  Such 
intramuscular  strain  inhomogeneities  may  be  informative 
regarding muscle tenseness and back muscle pain.
Actually  we  examine  work  specific  situations  to  test  the 
intramuscular inhomogeneities and to see how we can prevent 
these.  These  inhomogeneities  could  be  a  cause  of 
intramuscular back pain.

ULB
Stamp



Compressive strain Tensile strain

dorsal ventralparamedian

Fixation

Centreline

Figure  2:  A) Muscle  contraction  test  for  the  left 
m. longissimus  thoracis  illustrating  compressive  and  tensile 
intramuscular strains for both body sides. Note that the thorax 
is stiff as it represents a single, non-deformable element in the 
model.

CONCLUSIONS
The new model allows now to test specific workplace designs 
regarding  intervertebral  disc  and  intramuscular  strain 
distribution. Additionally it is possible to develop new training 
concepts for back pain patients or a better clinical preparation 
of back surgery.
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