N
N

N

HAL

open science

A multi rigid body model of the spine evaluated with
and without instrumentation

Margot Odet, Yoann Lafon, Sylvie Ronel, Michel Massenzio

» To cite this version:

Margot Odet, Yoann Lafon, Sylvie Ronel, Michel Massenzio. A multi rigid body model of the spine
evaluated with and without instrumentation. 22nd Congress of the European Society of Biomechanics,

Jul 2016, Lyon, France. hal-04246669

HAL Id: hal-04246669
https://hal.science/hal-04246669
Submitted on 17 Oct 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04246669
https://hal.archives-ouvertes.fr

A MULTI RIGID BODY MODEL OF THE SPINE
EVALUATED WITH AND WITHOUT INSTRUMENTATION

Margot Odet (1), Yoann Lafon (1), Sylvie Ronel (1), Michel Massenzio (1)

1. Université de Lyon, Université Claude Bernard Lyon 1, IFSTTAR Lyon, France

Introduction

The standard corrective surgical technique of early-
onset-scoliosis is based on growing rod systems (GR),
and leads to discs degeneration [1]. Recent studies
pointed that flexible implants could preserve discs [2].
To help in understanding the implant effect on discs,
numerical models of the spine have been developed
since the 70’s [3]. However, their behavior is rarely
validated, especially according to instrumented spine.
This study presents a multi-body model of the spine
whose mechanical behavior was evaluated with and
without posterior implant.

Methods

The T1-L5 model was developed with Solidworks®.
Vertebrae were modeled as rigid bodies, their
geometries being issued from MRI segmentation. Each
intervertebral joint was represented by two linear
diagonal stiffness matrices (3D translations and 3D
rotations), at a mid-sagittal position, on the superior
endplate level of the inferior vertebra. The mechanical
properties have been defined from published in vitro
data [3], [4], [5]. A follower load going through the
rotation centers was added for gravity loading.

In vitro studies on spinal levels were simulated to
evaluate the mechanical behavior of the model for
intact spine, by applying various magnitudes (4, 7.5,
and 10Nm) for the proximal torques (flexion/extension,
lateral bending and axial rotation) as well as for the
follower load (280 and 800N) [6], [7], [8], [9], [10].
Two in vitro studies on intact and then instrumented
spines were also simulated. The modeling posterior
instrumentations were respectively a T7-T11 titanium
rod [11], and a specific implant from L2 to L3 [12].
The screw/rod joints were modelled by using two
diagonal stiffness matrices.

Both segmental and global T1-T12 ranges of motion
(ROM) were compared to published data. For studies
with instrumentation, ROM of instrumented segments
were compared relatively to intact ROM.

Results

For both the intact spine and segments, ROM of the
modeling thoracic spinal levels (which integrated the
rib cage stiffening) were in good agreement with
literature data, for all torque values as well as for all
follower loadings (cf. Figure 1). Note that for the
lumbar levels, the model was stiffer for torque under
10N.m, but in the confidence interval.

The model with instrumentation presented relative
ROM similar to in vitro data (cf. Figure 2).
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Figure 1: Flexion/Extension ROM for 7.5N.m,
simulation of studies without instrumentation.
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Figure 2: ROM relatively to intact ROM
for the simulations of studies with instrumentation.

Discussion

The proposed model successfully reproduced the
mechanical behavior of the spine, with and without
posterior instrumentation.

Several limits could be underlined. Each intervertebral
segment was globally represented by a linear 6 d.o.f.
joint, without modeling independently biological
structures. The model was evaluated on few in vitro
(not on in vivo) experiments, with 19-81yo specimens.
The geometry of the model was generic, related data
being never reported in literature. A sensitivity study
could be conducted to underline the critical parameters
of the model.

CAO software should greatly simplify designing future
implants for corrective spinal surgery.
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