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Finite element analysis of Isobar TTL techniques and universal spinal system for lumbar spine: a comparison

LIU Jian-hang, JIN An-min* , DUAN Yang, WEM Yong-fu, ZHANG Li
Centre of Orthopaedics, Zhujiang Hospital, Southern Medical University, Guangzhou 510282, Guangdong, China

[Abstract] Objective To establish finite element models of universal spinal system (USS) and Isobar TTL on L;-S, with
fine anatomical structures and to compare the characteristics of stress distribution of the two models, so as to explore the
influence of dynamic internal fixation system (DIFS) on the lumbar biomechanics, providing a theoretical basis for clinical
application of DIFS. Methods The lumbar spine geometries were determined using the CT images of a 26-year-old healthy man.
The finite element models of USS and Isobar TTL were constructed by using package Mimics 11. 1, Geomagic studio 10. 0,
HyperMesh 10. 0 and Abaqus 6. 8. The ranges of motion, intervertebral disc stress of adjacent segments, and stress distribution
and peak of internal fixation were recorded when the models were subjected to 150 N preload and 10 Nm moment of forces under
different conditions: flexion, extension, lateral bending and axial rotation. Results ~We have successfully constructed the
definite element model of L;-S; with fine anatomical structures and the postoperation models of Isobar TTL and USS. The
stress of Isobar TTL and USS model was mainly distributed on the screws, with the maximal stress on USS model being higher
than that on the Isobar TTL model. The screws had high stress at the middle part, with the maximal stress being all less than
100 MPa under different conditions. The intervertebral stability of Isobar TTL model was not greatly different from that of
normal model; however, the overall motion of USS model was obviously deceased, especially when at flexion and extension
condition. For Isobar TTL model. the increases of intervertebral disc stress of adjacent segments of L; /L, for forward bending,
backward extension, lateral bending and rotation were 6. 2%, 9. 7%, 3.6%, and 3. 8%, respectively, and the numbers for
USS model were 8.5%, 13.5%, 4. 3% and 4.8 %, respectively. Conclusion The maximal stress of Isobar TTL system can
effectively maintain the range of motion of the lumbar spine, reduce the resistance of stress, and delay adjacent segment
degeneration in theory.
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Tab 1 The material properties of the vertebrae,

intervertebral discs and ligaments of the finite element model

Anatomical structure Elastic modulus Poisson
p/MPa ratio
Cortical bone 12 000 0.3
Cancellous bone 100 0.2
Endplate 3 500 0.25
Posterior 3 000 0.25
Fibrous ring 1 0.49
Nucleus pulposus 4.2 0.45
Anterior longitudinal ligament 20 0.3
Posterior longitudinal ligament 20 0.3
Ligamentum flava 19.5 0.3
Capsule ligament 32.9 0.3
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Fig 1 The stereo modeling of Isobar TTL fixation
system (A) and USS fixation system (B)
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Fig 2 Finite element models were reconstructed by

USS fixation technique and Isobar TTL fixation technique
A,B: Lateral view and posterior view of finite element models
reconstructed by USS fixation technique; C,D. Lateral view
and posterior view of finite element models reconstructed by

Isobar TTL fixation technique
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Tab 2 The material properties of the internal

fixation system of the finite element model

Elastic modulus

Internal fixation system Poisson ratio

p/MPa
USS pedicle screw 110 000 0.3
USS connecting rod 110 000 0.3
Isobar TTL pedicle screw 110 000 0.3
Isobar TTL semi-rigid rid 75 000 0.3
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Fig 3 Validating the validity of the finite element model

A Intervertebral range of motion (ROM) of flexion and extension; B: Intervertebral ROM of lateral bending; C: Intervertebral

ROM of axial rotation
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Fig 4 Intervertebral range of motion (ROM)

of two modules
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Fig 5 Change in stress of two modules
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Fig 6 Stress distribution of USS fixation system (A) and

Isobar TTL fixation system (B) in backward extension
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Tab 3 Maximal stress level of the two internal fixation systems

p/MPa
Internal Inflexion Extension Rotation Rotation Lateroflexion Lateroflexion
fixation i (left) (right) (left) (right)
JORN 56.7 44,1 100. 0 97.0 90. 5 89.9
Isobar TTL 52.6 39.2 90. 7 93.7 64.0 61.9
N cent segment degeneration, ASD), Mulholland
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