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Biomechanical Analysis of Lumbar Interspinous Process Fixators

Soon Heo', Kwon Son”, Jung Hong Park” and Sung Jae Lee

ABSTRACT

The degencrative lumbar spinal stenosis (DLSS) is a disease inducing low back pain, leg pain, convulsion,
numbness, and neurogenic claudication from compression of nerve root. Intervertebra fixation was reported to
increase the degeneration of neighbor region after trcatment. Recently, a new surgical technique of inserting a
fixator between interspinous processes has been introduced. The purpose of this study is to design the
interspinous process fixator with flexibility to complement the trouble of using fixator in DLSS. This study
evaluated the existing fixator through the mechanical test and modified it using the finite element analysis (FEA).
The evaluation was based on the displacement, stiffness and von-Mises stress obtained from the mechanical test
and calculated from the FEA in the biomechanical loading condition. Effects of variation in length and thickness
were investigated to design an optimal fixator. Three prototypes were manufactured using FEA results.
Mechanical tests under the biomechanical loading condition were performed to select the best one from these
three. The selected fixator increased flexiblity by 32.9%.
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(a) Interspinous-U (b) Insertion of the fixator
Fig. 1 Interspinous-U and its insertion

Fig. 2 Load control for compression test using MTS
858 Bionix test system
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Fig. 3 Loading condition

Fig. 4 Finite element model of fixator

Table 1 Material properties of Ti-ally F136

Yield
Young's strength, . ,
Metal modulus forged Por':;%n s
(GPa) annealed
(MPa)
Ti-alloy
116 896 0.31

F136
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Fig. 8 Relationship between load and displacement for
experiment and finite element analysis
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Fig. 9 Relationship between load and displacement for
two model

(b) NP2 FE model
Fig. 10 Distribution of von-Mises stress

(a) Interspinous-U

Table 2 The maximum displacements by mechanical
test and finite element analysis

Maximum Stiffness
displacement coefficient
(mm) (kN/m)
Experiment 1.72 124.3
FEA 1.75 122.9

Table 3 Result of the finite element analysis

Maximum  Stiffness von-Mises
displacement coefficient  stress

(mm) (kKN/m) (MPa)
Interspinous-U 1.75 122.9 722
Proposed model 1.96 109.7 756
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Table 4 The maximum displacements by mechanical
test and finite element analysis

Maximum Stiffness
displacement coefficient
(mmm) (kN/m)
Interspinous-U 1.72 124.3
Prototype(UP) 1.43 150.3
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Fig. 11 Reclationship between load and displacement
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Fig. 12 Load-displacement relationship for Inter-
spinous-U and four prototypes(50 N)
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spinous-U and four prototypes(100 N)

200



. &3 T .o 4A L R FLT A A23W AR
150 Table 5 The maximum displacements(mm) of five
1401 specimens
1204
100 S0N 100N 150N 200N 250N
§ = Interspinous-U 0.4 0.89 132 168  2.12
60- .
T rspinausy UP 036 054 102 135 164
40
NP1
204 7 TN NP1 022 065 096 1.23 1.56
%0 o5 1o 15 20 25 30 NP2 050 1.18 194 250 3.16
Displacement(mm)
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Fig. 14 Load-displacement relationship for Inter-
spinous-U and four prototypes(150 N) 7. A8
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Fig. 15 Load-displacement relationship for Inter-
spinous-U and four prototypes(200 N)
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