The Elastic Function of the Lumbar Fascia in Human Gait
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the human body. Acting as a sheet-like tendon it directly connects two of dorsi compared to the m. gastrocnemius it can be hypothesized that these two muscles provide an
isometrical pre-stretch of the LDF. This way the arms can swing in synchronicity with the legs without

Motivation . Hypothesis Results N
The Lumbodorsal Fascia is a large structure, located in a central position in | O 1) Because of the analogous patterns of the EMG activity of the mm. gluteus maximus and latissimus For the chosen set of initial conditions and constraints ... | /\ /\ /\/\

Glmax = 12° amplitude of the leg swing

the strongest muscles of the body (the m.gluteus maximus and the

m.latissimus dorsi). much (phasic, concentric) muscular effort. Omax = 0.9 * Olmax = 10.8°  amplitude of the pelvis swing

To our knowledge there have not been any detailed research about the role Plmax = 12° amplitude of the arm swing

of the LDF in human locomotion yet. i Pmax = 0.5* Plnax= 6° amplitude of the shoulder swing

We are introducing the hypothesis that the LDF acts as an elastic spring 2) We developed a basic mechanical model of

that connects the pendulums of the legs and arms. This way a structure is two torsion pendulums (shoulders/LDF-spring | \?\

established which is able to oscillate as a whole (Zorn2007). and pelvis/LDF-spring) rotating in the transversal . - - — oo
plane, two inverted pendulums (legs) and two " N\ F % s

| suspended pendulums (arms). The mm. e e Maple 11

latissimus dorsi and gluteus maximus are 27 | ]
represented by inelastic cords just maintaining 1§ ... the moment of torque in the foot is almost completely
constant length. The springs have the double ] cancelled out for the first swinging cycles.

function of establishing the reset-momentum for v —
the torsion pendulums and connecting the
shoulder/arms and pelvis/leg structures. Being a

(Coupled harmonic oscillators - no dissipation by friction
and no muscle excitation - are not able to maintain
phase synchronicity.)

set of harmonic oscillators (i.e. having no 2
friction) this kinetic model can swing forever ]
whithout consuming further energy. ] meter
. i (from a 'Eal_i'.le refarenca point]
© 1,015
3) The movement of the center of mass (CoM) of the body over a leg ¥ ———— torsional momentum am 1 ]15
. . . . g ; Uil
that is located sideways produces a significant moment of torque . oo ciagomal Lo e
acting on the supporting foot. The counter-swing of the contralateral L 1 0053
t arm cancels out to some part this torque (Elftman1939). We 1E
Lol hypothesize that for given pelvis and leg swing amplitudes there is an IR NS A
ks optimum combination of shoulder and arm swing amplitudes which NS MDY : o995y 1 fV [V | {3
: ... and the up and down movement of the trunk mass is -
cancels out an optimum amount of torque. . .
almost completely cancelled out by the vertical n9a] |
component of the arm movement. 09555 :
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The criss-crossing fiber structure The Lumbodorsal Fascia / 5. ; - SR A— T T T T T T
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The torque in the foot due to the movement of the mass of the trunk and the torque due to the CO“CI u Slon Facti 1 q
movement of the contralateral arm act in opposite directions. Below top view. Sk el
BaCkg round _ o _ ' updown trunk
4) Th ¢ of the CoM of the bod the standing | If the mm. gluteus maximus and latissimus dorsi ——
o _ _ _ _ o _ e movement of the CoM of the body over the standing leg : : : - -
1) The superficial lamina of the posterior layer of the LDF is the tendon/aponeurosis of the latissimus dorsi shows a vertical up and down. For energetic efficiency it is of crucial workl |sgmet’:cr|caj1clly t:ﬁ IEumbodorsaI Fascia acts as
muscle. To some part it is as well the cranial aponeurosis of the gluteus maximus muscle thus "providing a importance to minimize the loss of the potential energy during the an elastic structure tha
pathway for uninterrupted mechanical transmission between pelvis and trunk"” (Vleeming 1995). In downward movement or transform it into other kinds of energy for ® establishes a torsion pendulum together with the shoulder and another one with the pelvic girdle,
accordance to this pathway its fibers show a criss-crossing structure, although anatomy charts differ re-use. One well known way of doing this is the inverted pendulum A\ 4 - I e connects the oscillating pendulums of the arm with the contralateral leg.
vivo, but it seems likely that the LDF has an elastic modulus comparable to those in human ligaments and the arms: Their vertical component of swinging is in counter-phase af
tendons (Barker2005, Alexander 2002). From this, it can be concluded that the LDF is able to store a with the trunk thus reducing the up and down of the CoM of the P
significant amount of energy when being stretched. whole body (Hinrichs1990). We hypothesize that the same
_ o _ _ _ _ parameters fulfilling the optimum cancel-of-torque condition provide
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