Biomechanical Analysis of the Reconstruction
Model after Total Sacrectomy
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Fig.1. Schema of the new reconstruction structure after total
sacrectomy.
This structure consists of posterior and anterior
instrumentations. Posterior instrumentation, which is so-
called modified Galveston reconstruction, consists of pedicle
screws inserted into the 3rd-5th lumbar vertebrae and iliac
screw inserted into posterior iliac crest and the rod connecting
them. Anterior instrumentation consists of two screws
inserted into inferior endplate of L5 vertebra and sacral rod
connected with both side of pelvis through these screws.
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Fig. 2. Photographs of the new reconstruction structure. (A) Anterior-posterior view, (B) posterior-anterior view.
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Load punch Steel ball
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Fig.8. Diagram of the experimental setup of the compressive
loading test. The weight is placed on the crosshead. The
compressive load is applied vertically to the upper surface of
the 3rd lumbar vertebral body by a load punch with a steel
ball. The bottom of the pelvis is fixed to a wooden box with
plaster.

Fig.4. Photograph of strain measurement in the
reconstruction structure under a compressive load.
Polyurethane model of the lumbar spine and pelvis is used.

DA, ZOFRELEL. BRET I VYL TENERE
10[EFT, ZOFHEE L -7,

V. B EiiEOBREENEREREN T T ILOMER
28R A MO S BME CTAF ¥ V1240, EH
Smm BT, Fd 10mm MECHERE LTV, SEEC
BB LE, ChooEErarEa—¥yIZA
S, B BROTHREFTVEBEBR L. SOICMEER
DIRE, SHICA YAV AY NEIA R, SHIM6THK,
BIUBHASHEHEOETHED V) v FEREHVWTHRE
Fosl 2Ty, BEBEOFREZETVEEBLL (M7).
B, HHEDY FBLIOWED Yy FOEZIZ6mm, 702
v 7 OEFE3mm, HESRA 7 2 —OEREIL6.5mm & Lz,
F 7, HRILO-OBFEHEERFOES % 1.5mm, #HOES%
Imm 2, HERARIC BT BHMEROE S 13 10mm, FHREEED
B &% 3mm & L7z, BIRB & UBER&NOKTFEF MO
o 1/2FFI G e L7z, MBI 7095, HIEFHEEII5523T
Hhb.

B, FEMEFLCIE, ey FOBERALZIE S
Smm DR Y — 7 THE LB EORTIFHIIOVTHREL
7=.

V. WEAMHBRICHIS L 7= FEM 7L O

e L7 FEM & 7L O F L4 % 19 2 720, WEEMNK
By UEME S 2 TR L. MR, WEAWRKRO
MRS S, B, ERCERERTWwERI Y LY
oW TIHBEOM BRI L B2 HVY, HERBIHR S
NTWAERYZFLLIIDWTHE, FABTLIROS O LRE
L% 5 27, @3B LROWERRIZIETVIZY
LOMPUEE Y 5 L TG &S (). WESHE /20
Bt Ez, WEAWRELF UAEIZ280NDERTET S
Z7e.

Fig.5. Schema representing locations of strain gauges. Rod 1,
the proximal measuring point on the spinal rod between the
pedicle screw of the 5th lumbar vertebra and the iliac screw;
Rod 2, the distal measuring point on the spinal rod between
the pedicle screw of the 5th lumbar vertebra and the iliac
screw; Rod 3, the measuring point on the sacral rod just
lateral of the connection with the vertebral screw inserted into
inferior endplate of the 5th lumbar vertebra.
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Fig.6. Photograph of strain measurement in the
reconstruction structure after total sacrectomy.
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Fig.7. Finite element mesh in the reconstruction model. (A)
Anterior oblique view, (B) posterior oblique view. Pink,
orange, blue, sky blue, olive, ocher and violet represent
cortical bone, cancellous bone, bony posterior elements,
cartilaginous endplate, annulus fibrosus, nucleus pulposus and
titanium alloy instruments, respectively.

Table 1. Material properties in the experimental model

Young's modulus

Material properties (MPa) Poisson's ratio
Cortical bone 271 0.32
Cancellous bone 271 0.32
Bony posterior elements 271 0.32
Cartilagenous endplate 271 0.32
Aluminium plate 71000 0.34
Annulus fiberosus 0.01 0.49
Nucleus pulposus 0.01 0.49
Instruments 110000 0.30

Table 2. Material properties in the clinical model

Young's modulus

Material properties (MPa) Poisson's ratio
Cortical bone 12000 0.30
Cancellous bone 100 0.20
Bony posterior elements 3500 0.25
Cartilagenous endplate 24 0.40
Annulus fiberosus 42 045
Nucleus pulposus 1667 0.48

Instruments 110000 0.30
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Fig.8. Stress at each measuring point on the rods in
experiment and FEM reconstruction model. B, FEM;
[l,experiment. Rod 1, the proximal measuring point on the
spinal rod between the pedicle screw of the 5th lumbar
vertebra and the iliac screw; Rod 2, the distal measuring point
on the spinal rod between the pedicle screw of the 5th lumbar
vertebra and the iliac screw; Rod 3, the measuring point on
the sacral rod just lateral of the connection with the vertebral
screw inserted into inferior endplate of the 5th lumbar
vertebra.
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Fig. 9. Finite element analysis of the new reconstruction model. The right half model is analyzed. Color scale on the left represents
stress magnitude. (A) Anterior oblique view of the reconstruction structure. S, maximum stress detected on the sacral rod just lateral of
the connection with the vertebral screw inserted into inferior endplate of the 5th lumbar vertebra. (B) Posterior view of the
reconstruction structure. Stress concentration was not detected on the spinal rod.

Equivalent ¥on Mises Stress

A B

Fig. 10. Finite element analysis of the pelvis in the new reconstruction model. The right half model is analyzed . Color scale on the left
represents stress magnitude. (A) Anterior oblique view of the pelvis. Stress concentration was detected on the insertion point of the
sacral rod without sleeve augmentation. (B) Excessive stress concentration was not detected on the insertion point of the sacral rod with
sleeve augmentation.
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Abstract

A total sacrectomy is necessary for oncological resection when malignant sacral tumors involve the first sacral vertebra.
Spinopelvic reconstruction is mandatory after a total sacrectomy. But few previous studies have performed a mechanical
analysis of this type of reconstruction. In this study, mechanical testing and finite element analysis were carried out to
evaluate a new reconstruction model. This model consists of both posterior and anterior instrumentations. Posterior
instrumentation consists of pedicle screws inserted into the 3rd, 4th, and 5th lumbar vertebrae, iliac screws inserted into
posterior iliac crest and two rods, which connect them. Anterior instrumentation consists of two screws inserted into inferior
endplate of the Sth lumbar vertebra, a sacral rod connected with both sides of the pelvis through these screws and a sleeve
augmentation of the pelvis. Finite element model of the reconstruction model was made based on CT images taken of the
lumbar vertebrae and pelvis of a healthy adult male. Material properties were assumed according to the literature. The
boundary conditions considered were for 960 N weight applied vertically to upper surface of the 3rd lumbar vertebra and the
bottom of the pelvis being fixed. Half region was used in the analysis because of the symmetry. Stress concentration was
observed at the region of the connection between the sacral rod and the screws. The maximum Von Mises stress value was
400 MPa, which is lower than the yield stress of the titanium alloy (860 Mpa). In the bones, stress concentration was observed
at the region of the insertion of the sacral rod in the pelvis. The maximum Von Mises stress value was 77.1 MPa, which is just
lower than the yield stress of the cortical bone (approximately 80 MPa). Mechanical testing of a modified Galveston
reconstruction after a total sacrectomy has previonsly been carried out in our institute. The results showed that risk of the
instrument failure was high because of stress concentration at the spinal rods. This was because a large load was transmitted
from the lumbar vertebrae to the pelvis via the posterior spinal rods only. So, in order to avoid stress concentration in these
instruments, it is necessary to add anterior support in the form of the screws inserted into the inferior endplate of the Sth
lumbar vertebra and the sacral rod connected with both sides of the pelvis through screws. In this reconstruction model, no
particular stress concentration was detected. We conclude that this mode] has a low risk of instrument failure and loosening
after a total sacrectomy.



