British Scoliosis Society i goyal Qrifopastic KOS ELAR

Lumbo-sacral destruction
fixation biomechanics

Amin Joukhar MSc *
Jwalant S. Mehta FRCS Orth A
David Marks FRCS Orth A
Prof Vijay Goel PhD *

A Birmingham Spine Centre, England
*Engineering Centre for Orthopaedic Research and Excellence (E — Core)
The University of Toledo, OH, USA



The Royal Orthopaedic Hospital
NHS Trua

Acknowledgement for funding

CEME

CENTER FOR DISRUPTIVE
MUSCULOSKELETAL INNOVATIONS

WWW.NSFCDMI.ORG




The Royal Orthopaedic Hospital m
NHS Trunt

Background

Spinal stabilisation 1n the face of a
lumbo-sacral deficiency 1s a challenge

¥ 5E;

Dunn McCarthy hooks Galveston Iliac screws
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Tuning fork plate

Idea started with a variable screw placement (VSP) system
Providing a strong distal fix with screws.

Fix 1n the thoracic and lumbar spine proximally.

Have used in 4 cases (3 sacral agenesis,] Neurofibromatosis)
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Aim of the study

Assess the bio-mechanical profile of the tuning fork plate
compared to iliac screw fixation in a lumbo-sacral deficient
model.
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Methodology

Validation of a sacrectomy model
L2 — L5 and sacrum
Hopkins model 1

Finite Element Model Analyses using our FE platform
technology

Sacrectomy model Sacrectomy model
stabilized with Dual stabilized with Tuning
liac screw fixation fork plate
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Methodology: Material properties and element types

Component Elastic modulus Poisson ratio Element Type
(MPa)

Vertebral cortical bone 12000 8-Node hex

Vertebral cancellous 100 0.2 8-Node hex

bone

Ground substance of Hyperelastic, neo- Rebar

annulus fibrosis Hookean’

Nucleus Pulposus | Incompressible Fluid

Ligaments Non-linear, no Truss
compression

Cartilage of facet joint Softened contact

[lium cortical bone 17000 0.3 4-node tet

[lium cancellous bone 70 0.2 4-node tet
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Methodology: Dual iliac screws
* 5.5 mm Pedicle screws T10 to L2
» 8.5 mm lliac screws into the pelvis bilaterally
6.0 mm Tirod

Number of Elements: 219,256 elements
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Methodology: Force simulations

Contacts:
« Screws-Bone |
 Screws-Rod [ Tie constraint
e Crosslink-Rod _|

Boundary Conditions:
* Hipjoint s fixed
« Follower Load:
400 N to simulate muscle forces and trunk weight
* Moment:
10 Nm to simulate spine motions
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Results: Iliac screws v Tuning fork plate

ROM of all levels decreased under different
loadings compared to intact model.

T10-T11 T11-T12

T12-L1

L1-L2

Spine ROM for Dual Iliac Screw Fixation

= Extension
m Flexion
Left Bending
m Right Bending
Left Rotation
m Right Rotation

ROM (Degrees)
(=]

Spine ROM for Fork Plate Fixation

T10-T11

T11-T12

T12-L1

L1-L2
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Results: Stress values on the dual Iliac
screw fixation

Motion Maximum von Mises Location
Stress (MPa)

Flexion 382 Rod-Adjacent to the iliac
screws connectors

Extension 381 Rod-Adjacent to the iliac
sCrews connectors

Left Bending Ht Rod-Adjacent to the iliac
screws connectors

Right Bending 121 Rod-Adjacent to the iliac
screws connectors

Left Rotation 264 Rod-Adjacent to the iliac

SCrews connectors

Right Rotation 264 Rod-Adjacent to the iliac
screws connectors
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Results: Location of the Stress on the dual
Iliac screw fixation

S, Mises
(Avg: 75%)
382.473
350.600
318.727
286.855
254,982
223.109
1 191.236
159.364
127.491
95.618
63.745
31.873
0.000
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Results: Stress values on the tuning fork

plate
Maximum von Mises Location
Stress (MPa)

Flexion Outer Rod

Extension Outer Rod
Left Bending ]9 Outer Rod + Crosslink
Right Bending 86 Outer Rod + Crosslink

Left Rotation 208 Crosslink

Right Rotation 226 Crosslink
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Results: Location of the Stress on the tuning

fork plate

S, Mises
(Avg: 75%)
242.091

221.917
201.743
181,569

161.394
141.220
121.046
100.871
80.697
60.523
40.349
20.174
0.000

Flexion
Extension
Left Bending
Right Bending
Left Rotation
Right Rotation

S, Mises

(Avg: 75%)
125,947
115.453
104.960
94.467
83.974
73.481

62.988
52.494
42,001
31.508
21.015
10.522
0.029

Maximum von
Mises Stress
(MPa)

126
120
20
20
62
69
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Motion Maximum von Maximum Factor of Factor of
Mises Stress on von Mises Safety Safety
Fork Plate Stress on (Fork Plate) (Dual Iliac
LAl Dual Iliac Serew )
Screw (MPa)
Flexion 242 382 3.55 2.25
Extension 245 381 3.51 2.25
Left Bending 89 111 9.66 7.74
Right Bending 86 121 10 7.1
Left Rotation 208 264 4.13 3.25
Right Rotation 226 264 3.80 3.25
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Conclusion

Stress values on the fork plate fixation was
lower (22% to 45%) than dual screw fixation

which might lead to less implant failure in the

fork plate fixation.

Would help clarify indications and future clinical

profiling for the use of the tuning fork plate



