
Development of a “patient specific” Finite Element Model of the
spine to assist surgical correction planning in severe scoliosis
and adult spinal deformity.

Context: Surgical corrections of degenerative lumbar scoliosis and
sagittal malalignment are associated with significant complications, such
as rod fractures and pseudarthrosis, particularly in the lumbosacral
junction. To understand the mechanism involved in this degeneration a
first interaction between the Department of Spine Surgery, University
Hospital of Strasbourg (HUS the MMB team-ICUBE Laboratory)
specialized in biomechanics was done. A whole spine Finite Element
Model based on healthy 50th percentile male was developed
and validated against data available in the literature. Different implant
configurations surgical instrumentation techniques were simulated with
the FEM and evaluated in terms of robustness under uniaxial loadings.
The first results were in accordance with the clinical observation.

Objectives: There is a need to develop “patient specific model” to
improve preoperative planning by taking variability of normal spino-
pelvic shapes into account. Based on a database of 2599 normal
individuals available at the HUS a new classification of the spine shape
will be defined. Multi-center studies were conducted to describe the
parameters of sagittal alignment as a function of age and pelvic
incidence. This reference system could be applied to the existing MEF to
move towards a more discriminating analysis adapted to the patient's
preoperative situation. The second objective of this thesis is to
characterize dynamic conditions such as walk, and to apply these
boundary conditions to the “instrumented FEM”. This type of loading
will be more realistic compared to the uniaxial conditions done in the
previous research.
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