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c RILEWE -
A Three Dimensional Finite Element Analysis Of
Treatment Of Lumbar Spondylolysis By Vertebral
Pedicle Nail-Vertebral Plate Hook System And

Transversal Connector Bar

Objective
To anslyze the biomechanical features of treatment of simple lumbar spondylolysis
by vertebral pedicle nail-vertebral plate hook system+transversal connector bar that was
proposed by us with three dimensional finite element models, and provide rationale for

treatment of simple lumbar spondylolysis by vertebral pedicle nail-vertebral plate hook

system+transversal connector bar clinically.
Method

1. Modeling:A young male healthy volunteer was chosen, and his lumbar spine
was scaned by MRI machine continuously. We use MRI pictures and Simpleware
software to establish normal 14-L5 segmental model.2. Verification of the availability
of model: the model was put into Ansys11.0 software and undertook pre-processing,
calculatting its average stiffness and comparing with the results of cadaver experiments
to verificate of the availability of model.3. Establish four experimental models:We use
MRI pictures « Simpleware software and Solidworks2006 software to eatablish four
kinds of L3-L5 segmental models:normal segment, simple L4 dipl- spondylolysis
segment, simple L4 dipl- spondylolysis segment fixed by vertebral pedicle
nail-vertebral plate hook system , simple L4 dipl- spondylolysis segment fixed by
vertebral pedicle nail-vertebral plate hook system+transversal connector bar.4. Three
dimensional finite element analysis of foue models:These four models were put into
Ansys11.0 finite element analysis software and undertook pre-processing,  axial load

500N and 15N-M torque were loaded, on axial compression, flexion, extension,



lateral bending and torsion respectively to study and analyze the corresponding

displacement, rotational angle and stress .

Results

1. Displacement and rotational angle:the displacement and rotational angle of
spondylolysis model in the conditions of flexion, extension, lateral bending and
torsion, especially in the condition of flexion, extension.After the fixation of vertebral
pedicle nail-vertebral plate hook system and vertebral pedicle nail-vertebral plate hook
system+transversal connector bar, the displacement and rotational angle became
smaller obviously.The displacement and rotational angle of the model fixed by
vertebral pedicle nail-vertebral plate hook system+transversal connector bar were all
smaller than that of the model fixed by vertebral pedicle nail-vertebral plate hook
system in any condition. The displacement of the model fixed by vertebral pedicle
nail-vertebral plate hook system were smaller than that of the spondylolysis model by
64.32%, 25.52%, 16.86%, 38.90% in the conditions of flexion, extension, lateral
bending and torsion respectively , the displacement of the model fixed by vertebral
pedicle nail-vertebral plate hook system+transversal connector bar were smaller than
that of the spondylolysis model by 70.84%, 37.02%, 25.96%, 52.26% respectively;
the displacement of the model fixed by vertebral pedicle nail-vertebral plate hook
system+transversal connector bar were smaller than that of the the model fixed by
vertebral pedicle nail-vertebral plate hook system by 18.29%, 15.43%, 10.94%,21.86%
respectively. The rotational angle of the model fixed by vertebral pedicle nail-vertebral
plate hook system were smaller than that of the spondylolysis model by21.72%,
32.91%; 16.68%:; 25.60% in the conditions of flexion, extension, lateral bending and
torsion respectively, the rotational angle of the model fixed by vertebral pedicle
nail-vertebral plate hook system+transversal connector bar were smaller than that of the
spondylolysis model by 33.23%- 41.53%. 31.37%. 39.26% respectively; the rotational
angle of the model fixed by vertebral pedicle nail-vertebral plate hook
system+transversal connector bar were smaller than that of the the model fixed by

vertebral pedicle nail-vertebral plate hook system by 14.70%, 12.84%, 17.63%, 18.36%

respectively.2 . Stress:the largest stress of the model fixed by vertebral pedicle



nail-vertebral plate hook system were in nail- hook system in any condition, and that in
the condition of flexion is the largest, which was 175MPa and mainly in the part of
vertebral plate hook that contacted to the inferior-posterior part of vertebral
plate;Expect that in the condition of lateral bending, the largest stress of the model
fixed by vertebral pedicle nail-vertebral plate hook system+transversal connector bar
were smaller than that of the model fixed by vertebral pedicle nail-vertebral plate hook
system obviously in all conditions;and the distribution of stress was more even, the
stress concentration of interal fixation object was less; The largest stress mainly took
place in the conditions of flexion and lateral bending, which were 153 MPa, 145 MPa
respectively and concentrated in the middle part of vertebral plate hook betweem the

contacted-parts with vertebral pedicle nail and transversal connector bar.

Conclusion

1.The method of vertebral pedicle nail-vertebral plate hook system-+transversal

connector bar could improved the stability of lumbar spine with spondylolysis

effectively.
2+ Fixation by vertebral pedicle nail-vertebral plate hook system-+transversal
connector bar was better than fixation by vertebral pedicle nail-vertebral plate hook
system on the aspect of reestablishment of lumbar stability, as well as stress
distribution.
Key word

spondylolysis; vertebral pedicle nail;vertebral plate hook;treatment;finite element

analysis
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