The influence of the posterior demopression with
dekyphosis stabilization upon the spinal cord for
thoracic myelopathy due to ossification of
posterior longitudinal ligament
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Abbreviations . FEM, finite element model; L, lumbar spine; OLF, ossification of yellow ligament; OPLL, ossification
of longitudinal ligament; T, thoracic spine; THUMS, Total Human Model for Safety
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Total Human Model for Safety (THUMS, Fr3 %77/ =
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e TH W EFViE, HE150cm, £ 50kg, i
40 — 50 LD U LR A BE LIER L2 DOTH
5. ZOTHUMS % 5B, A, hig#E ceiy
MU L7, EFVEES (REE, W), W,
9 L FMED O B 5 IEMHE £ COMEE (R, ), ME
A (BiZ, #ikds, #80, W&, WE EE, i
F), BhEkd, B, FRIAEER, B, Gasrra
(ossification of longitudinal ligament, OPLL), #i{&##Hi
F1l (ossification of ligamentum flavum, OLF) #4057 -
Thh, FhEl, FHeEER, OPLL, OLFIEARNWZED /2
DI EFTVIBIML - BEHTH S, F3ISERL
B OBFERARERET V2T,

REES VDWFIE I BT, T8, TIZHBIT 2 FHHEEMW
fifbo @i e e T—FhsntifEshTws iz
&, OPLL & OLFiZ, T8TOM CTHALL /A, &I
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K E L, 20z id OPLL O A H 54 L 72485
DT CITEF oM ES® AL, OPLL L OLF# &
PF L O3 L 7232 O T Cld B oMk Eie A L.

HHIIFEHEOEPZES LI ICLTEFVIZEML
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THLDERELTETMLETo /2. FROK S,
AFILEAL (RBAD) 12 & o TRE 25, AW TIZTETI
FCHEbLGa e BE LD, TRTOH TORFRMOD
K& L TSTOMOFMOKSIE, EHOHA20H

Fig. 1. Thoracic OPLL circumspinal decompression (the 1 st
step)
The extent of laminectomy includes at least 1 vertebra above
and below the area affected by OPLL so that the spinal cord,
still compressed by the OPLL, may not be pinched by the
lamina edge. The next procedure is dekyphosis stabilization.
Posterior instrumentation, consisting of a pedicle screw
system, is placed at least 2 vertebrae above and below the
decompression area. Rods underbent by approximately 15 to
20 degrees less than the patient’s kyphosis are placed into the
heads of the polyaxial pedicle screws to reduce thoracic
kyphosis by 5 to 10 degrees.

Fig. 2. THUMS model
THUMS (Total Human Model for Safety) is the FEM model of
the human whole body, which is made for analysis of the
human body in the crash.
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Fig. 3. FEM model of the thoracic spine
(a) We extracted the head, spine and ribs from THUMS. (b)
We inserted the OPLL, yellow ligament, nerve root and spinal
cord in the original model.
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Fig. 4. Stress-Strain Curve of the spinal cord
Material nonlinearity was considered for the spinal cord.
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Fig. 5. Spinal FEM model from T7-T11
We removed the lamina of T8 and T9. We regarded this model
as the posterior decompression model.
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Table 1. Material constants of the model

Part of the model Young's modulus Poisson’s
[MPa] ratio
Cancellous bone C1-C7 70.00 0.300
Ti-T12 203.0 0.450
L1-L5 70.00 0.450
Rib 40.00 0.450
Cortical bone C1-C7 5000 0.300
T1-T12(front) 5000 0.300
T1-T12(rear) 4000 0.300
L1-L5 1000 0.450
Rib 18900 0.300
Rib cartilage 24.50 0.400
Cartilage 12.60 0.400
Annulus in 0.200 0.400
Annulus out 13.30 0.400
Nucleus pulposus C1-C7 0.198 0.499
L1-L5 0.013 0.499
T1-Ti2 0.200 0.499
Vertebral endplate 500.0 0.400
Cartilaginous endplate 24.00 0.400
Brain 0.102 0.499
Lamina 8000 0.220
Diploe 200.0 0.220
Face 5540 0.220
OPLL,OLF 5000 0.300
lliolumbar ligament 10.00 0.000
LCL,SCL 52.00 0.000
SSL,ISL,LEITL 10.00 0.300
ALL,PLL 20.00 0.400
ALL,PLL(cervical) 3.250 0.220
LN(C2-CT) 3.010 0.220
Nerve root 31.50 0.450

ALL, anterior longitudinal ligament; ISL, interspinous ligament;
ITL, intertransverse ligament; LCL, lateral constotransverse
ligament; LN, ligamentum nuchae; PLL, posterior longitudinal
ligament; SCL, superior costotransverse ligament; SLL,
supraspinous ligament. Young's modullus is a measure of the
stiffness of an isotropic elastic material in solid mechanics.
Poisson's ratio is the ratio, when a sample object is stretched, of
the contraction or transverse strain, to the extension or axial
strain.
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Analysis with body weight Analysis with the OPLL

Fig. 6. Boundary condition
We applied 248.7N which was half of the body weight at the
center of gravity of the trunk. The lower end plate of the L5
was fixed. We added forced displacement to the OPLL.
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Fig. 7. Boundary condition of the dekyphosis
We corrected kyphosis angle between T7 and T11. Each
vertebra body was rotated by 5 degrees.
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Fig. 8. Stress of the OPLL (sagittal and axial)
(a) Occupation rate was 40%. (b) Occupation rate was 50%. (c)
Occupation rate was 60%. (d) Occupation rate was 70%. In
sagittal and axial view, stress of the spinal cord became bigger
as the occupation rate of the OPLL became higger.
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Fig. 9. Stress of the OPLL and OLF (sagittal and axial)
(a) Occupation rate was 40%. (b) Occupation rate was 50%. (c)
Occupation rate was 60%. (d) Occupation rate was 70%. In the
model which had the OPLL and OLF, stress of the spinal cord
became bigger as the occupation rate of the OPLL became
bigger in sagittal and axial view.
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Fig. 10. Stress of the OPLL after posterior decompression
(sagittal and axial)
(a) Occupation rate was 40%. (b) Occupation rate was 50%. (c)
Occupation rate was 60%. (d) Occupation rate was 70%. In
sagittal and axial view after decompression, stress of the spinal
cord became bigger as the occupation rate of the OPLL
became bigger. But the stress was much smaller than that of
the model before posterior decompression.
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Fig. 11. Stress of the OPLL and OLF, and OPLL, and after
decompression model
In the model which had the OPLL only, stress of the spinal
cord became bigger as the occupation rate of the OPLL
became bigger (--+). In the model which had the OPLL and
OYL, stress rised up most sharply (). Before posterior
decompression, stress was increased with its occupation rate
non-linearly. After decompression, stress was increased
linearly, and the inclination was also small (—).
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Fig. 12. Stress of the each Dekyphosis angle (axial)
(a) Dekyphosis angle was 0 degree. (b) Dekyphosis angle was
2 degrees. (c) Dekyphosis angle was 4 degrees. (d)
Dekyphosis angle was 6 degrees. (e) Dekyphosis angle was 8
degrees. () Dekyphosis angle was 10 degrees. In axial view,
as the dekyphosis angle became higger, the stress of spinal
cord became smaller.
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Fig. 13. Analysis of the relation between Stress and the
Dekyphosis angle
As the dekyphosis angle became bigger, stress became
smaller. When the dekyphosis angle was 10 degrees, the
stress put on the spinal cord decreased by 14.6%.
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Abstract

We have successfully employed two-step circumspinal decompression for the treatment of thoracic ossification of
posterior longitudinal ligament (OPLL) in our institution. In the first step, extensive laminectomy is performed according to
the extent of the ossified lesion, and then correcting fixation of kyphosis is performed using instrumentation. In the second
step, the OPLL is removed by anterior approach, and then the circumspinal decompression is completed. In this study, we
reconstructed the first step by a finite element model (FEM), in order that we presented the effect of the first step clearly. A
commercially available FEM of the human body, THUMS, was used for the modeling of the operative procedure, and the
spine, OPLL and ossification of yellow ligament were incorporated into this model to construct a study model. OPLL was
reconstructed at the level of T8/9. After applying imposed displacement to OPLL, mechanical stress of spinal cord was
measured before or after posterior decompression at the occupying rates in the spinal canal between 0 and 70% in this model.
The stress at every occupying rate was markedly decreased after decompression than that before the decompression. When the
occupying rate was 70%, the stress put on the spinal cord decreased by 52.3%. For reconstruction of corrective fixation of
kyphosis, the change in the stress was analyzed after imposed displacement by which the spine was decreased the cobb angle
by 10 degrees between T7 to T11. As a result, the stress put on the spinal cord further decreased by 14.6%, demonstrating that
the pressure of the spine is indirectly reduced by the correction of kyphosis. The present study proved the usefulness of
posterior decompression and correction of kyphosis in order to reduce the pressure of the spinal cord in circumspinal
decompression.



