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A case of Lenke type 1BN adolescent idiopathic scoliosis after corrective surgery: a finite element biomechanical analysis
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[ Abstract ]| Objective To analyze the biomechanical basis of adding-on phenomenon using finite element method
to simulate orthodontic surgery for adolescent idiopathic scoliosis (AIS) under different lowest instrumented vertebra (LIV)
selections, so as to provide reference and theoretical support for the prevention of adding-on phenomenon after operation.
Methods A Lenke type IBN AIS patient (age 13 years old, body height 152 cm, body weight 51 kg) treated in Department
of Spinal Surgery of The First Affiliated Hospital of Naval Medical University (Second Military Medical University) was
enrolled. A 3-dimensional finite element model of the patient’s spine was constructed. Then, the AIS orthomorphia under
different LIV options was simulated by computer to study the sub-curve compensation and maximum stress of the different
unfused intervertebral discs. Results The maximum stress of the unfused intervertebral discs gradually increased from
distal to proximal. When the LIV was located at L, (the lower end vertebra), the maximum stress of the L,, disc was about
85% higher than that of the L,; disc. When the LIV was located at L, and L;, the maximum stress difference between unfused
intervertebral discs was about 20%. Conclusion For Lenke type 1BN AIS patients, LIV below the lower end vertebra can
reduce the risk of adding-on phenomenon.
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Fig 2 Brief flowchart for full spine finite element modelling

CT: Computed tomography.
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Fig 3 Nail rod model generation process
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A: Description of nail placement; B: Orthopedic rod generation;

C: Nail rod model generation.
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Fig4 Finite element simulation of the rod-turning process
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Tab 1 Material assignment adjustment results

Mechanical property  Cortical bone Cancellous Ligament Nucleus  Annulus fibrosus Annulus fibrosus Annulus fibrosus
bone pulposus of T,-T, of T;-L, of L;-L,
Elasticity modulus/MPa 12 000 100 20 1 110 32,5 7.5
Poisson ratio 0.3 0.2 0.3 0.49 0.3 0.3 0.3

BE5 £HEEFRITENHEFRIE

Fig5S Morphological validation of the full spine finite element model

A: Left bending position; B: Right bending position.
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Fig 6 Validation of the center position of each vertebra
in full spine finite element model
Vertical coordinates indicate height (cm) and horizontal
coordinates indicate distance (cm). A: Left bending position; B:

Right bending position; FEM: Finite element method.
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Tab 2 Maximum stress manifestation of each

intervertebral disc in the unfused segment of the inferior

sub-curve with different LIV selections

MPa
Intervertebral LIV selected LIV selected LIV selected
disk inL, inL, in L,
L, 1.670
L,; 0.901 1.195
Ly, 0.787 1.053 0.639
Lys 0.632 0.897 0.499

LIV: Lowest instrumented vertebra.
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