1. Third Lumbar Body Segmentation from MRI Date using Simpleware

A. 3D Wrap Tool

i. Initial MRI dataset view in Simpleware from the DICOM file available from the
Simpleware tutorial page.
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ii. Contour outline for a XZ slice of the L3 vertebral body using Simpleware’s

manual Paint Tool.
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iii. Filled contour from previously selected outline after the use of the Mask Flood
Fill Tool.

M Total: 221,268 elements, all triangles
M Cross Section: 221,268 elements, all triangles

iv. Final filled contours taken from the three intersecting anatomic planes, showing
the segmentations made before the 3D Wrap tool is used.



V. 3D view of the final smoothed mask after using the 3D Wrap tool and changing
the color to ‘bone.’

B. Lumbar Vertebrae surface .STL data

Model configuration x

Model:  Visible objects Model type:  Surface ~  Exporttype:  STL for 3D printing (*.stl) ~

General Surface settings

Triangle smoothing Decimation
B Use triangle smoothing for masks B Decimate masks
Number of iterations: Target
10 - () Reduction in %
: 10 Max triangles (glebal)

() Max triangles (per part)
For multi-part models:

If exporting from the "Model preview" mode, it is recommended to de-activate triangle smoothing and decimation
to ensure faces match perfectly where parts touch,

This is done automatically for multi-part models if you export from "Full model" mode.

Help Close

i Set-up for .STL model with a maximum of 30,000 triangles (globally).



W Totak 30,000 elements, all tiangles
[ES 3°.Wdulwm -nm.nTls

ii. Final .STL model from Simpleware with confirmed 30,000 triangle count.

C. Volumetric Fine Element Model (.INP)

Model configuration X
Model:  Model 1 Modeltype:  FE v Bxporttype  Abaqus (“.inp) g

General Volume meshing Materials Contacts Nodesets Shells Mesh refinement Boundary layers

Mesh creation algorithm:  <FE Free v (7]
Elements type: Al mnhgtl (quadri&ﬂm quejx) v
Mesh density
oart Optionssummary | EEdit options individually

Target minimum edge length (mm)
Target maximum error (mm) 10035
Maximum edge length (mm) 06
Surface change rate (1 = slow, 100 = fast) 28
Target number of elements across alayer 34
Self-intersection checks

Intemal change rate (1 = slow, 100 = fast)

Mesh quality Other options
[ snap to parent surface
Snap surface object nodes to boundaries
‘Smooth masks against exterior
Fix non-manifold edges and nodes
Maintain target minimum edge length
Refine near siits and cavities )

HEEHER

Reset to default Fewer options <<

Help

i. Finite element model set-up with a mesh coarseness of -30.



[ OK don't remind me again

W Total: 21,369 elements, all quadratic tetrahedra
13: 21,368 elements, afl quadratic tetrshedrs

ii. Final volumetric finite element model from Simpleware with a total 21,369 10-
node tetrahedral elements.



2. Import and Mesh the Lumbar .STL model in FEBio

i Imported .STL model in FEBio

Creste  Edit Mesh Tools

Editable surface | Convert

Mesh Parameters

Meshing Method  TetGen
Properties
Element Size 2
Quality 2
Element type | Tet10

¥ Split faces
Hole

Hole coordinates {0,0,0}

ii. Meshing set-up using Tetgen as the meshing method and Tet10 elements with
element quality and size set to 2.



Meshing finished for
L3_ChelseaZunun.stl:
= Nodes =148608
- Faces =30000
- Elements = 89268

OK

iii. Successful meshing for .STL model, resulting in a mesh with 148698 nodes and
89258 elements.



3. Import the Volumetric model into FEBio and simulate compression of the L3
vertebral body.

i. The FE vertebrae in FEBio environment after importing the .INP file.

ve  Convert
Mesh Parameters

Meshing Method | Default

Propertie:

Eloment | Hex8

Apply
Edit Mesh

Boundary Layer
Discard Mesh

MMG Remesh

Set MB Weight

f

ii. Meshed compression top and bottom plates each constructed from box
primitive geometry with the dimensions 50x50x2 mm.
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Discrete
Mesh Adaptors
Steps (1)

Initial

Step1 [solid]
Load Controllers (1)
Output

Jobs (1)

HW3_VolModel

Vale
1 tonne/mm*
200 MPa
03

iii. Meshed vertebral body and plate with their assignhed material properties, where
the plates are rigid materials while the vertebral body is modeled as a Neo-
Hookean elastic model (E=200 MPa and v = 0.3).
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splacement1 (rera displacement)

iv. For non-rigid materials (vertebral body), a nodal boundary condition for zero
displacement has been set to fix X- and Y- in place, leaving Z- as the only free
direction for the body to move.
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V. Sliding-elastic contact interface between the vertebral body as the primary
surface (highlighted in red) and the bottom of the rigid top plate.
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Vi. Effective stress contours of the vertebral body in MPa, shown from the top with
the compression plates hidden for easy visualization.



. augmentation # 1

ding i

CURRENT REQUIRED
D multiplier : 2. —83  1.00008080e-91
3 Aok

CURRENT REQUIRED
-387347e-83  2.000000e-81
4 ok

NONLINEAR ITERATION INFORMATION

Number of time ps C

Total number of equilibrium iterations ............
e number of equilibrium i

Total number of right hand evaluations ............

Total number of stiffn reformations

LINEAR SOLVER
Total calls to linear solver ........ B
Avg iterations per solve ............ t 1

Time in linear solver: @:81:25

Elapsed time : @:82:06

TIMING INFORMATION

: 158

1 7.18182

1 237

Input time

Initializa

(8.140989 sec)

(8.124383

Solve time
I10-time (plet, dmp,
reforming stiffness : B:98:12 (
evaluating stiffness ......... : 8:80:17 (
evaluating residual .t @:ee:es (
model upda : @:80:83 (3.
QN upda B :88 (4.11B8e—85
time in linear solve : @:91:26 (B4.8258

Total elapsed time .............. : 8:82:856 (125.819

NORMAL TERMINATION

x 1e003 Sum of Z - stress

viii. Outputted graphs of z_stress of the vertebrae top surface getting compressed by
plate on top, with the left picture representing z_stress in every selected node
while the right picture is the sum of z_stress.



