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Objective: Report the invention and structural analysis of the new model of anterior spinal instrumentation
(KKU expandable cage) that is expandable for space filling after vertebral body resection while simulta-
neously stabilize the upper vertebra with the lower vertebra, to tolerate the thoracolumbar physiologic load
and augment the interbody arthrodesis of the spine.

Material and Method: The new model of expandable anterior spinal instrumentation, named KKU expand-
able cage, was invented and designed using the computer. The structural property of this instrumentation was
tested and analyzed using the computer based structural analysis software.

Results: The KKU expandable cage made out of 316L stainless steel is 0.0301044 kg in mass and 3.76305 x 10°
mé for volume. The outer diameter of the device is 23 mm and the height can expand from 20 mm to 35 mm for
space filling after thoracolumbar vertebrectomy. The stress in the device after applying the maximal thora-
columbar physiologic compression load (1250N) is between 11692.7 N/m? to 94.7266 x10° N/m?, less than
compression strength of the 316L stainless steel (170 x10% N/m?).

Conclusion: The stainless steel 316 L KKU expandable cage for anterior spinal instrumentation can with-
stand the maximal thoracolumbar physiologic compression load without failure whereas its expandable
property enable it to fill and fit in the space reaching the height of 35 mm. Therefore, the insertion of this device
into a space after thoracolumbar or lumbar corpectomy or vertebrectomy for the vertebral osteomyelitis or
vertebral metastasis is appropriate. The device can also stabilize the spine and tolerate the maximal physiologic
compression load of the thoracolumbar vertebrae. Therefore, the device helps decrease the need for bone graft
or bone substitute in these patients.
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The spinal column is the most common site of
the bone metastasis®. In asymtomatic patients, the
thoracic spine is involved in 70% of cases, whereas,
the lumbar and cervical spines are affected in 20 and
10% respectively®. The thoracic and lumbar spinal
vertebrae are also the most common areas of pyogenic
and tuberculous infection®.

The surgical treatments can be anterior or
posterior approaches depending on the pathology of
the spine. In certain conditions such as vertebral os-
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teomyelitis or vertebral metastasis, most of vertebral
bodies are destroyed anteriorly, resulting in pathologi-
cal vertebral fracture, spinal instability, and spinal cord
compression®. The objectives of surgical treatment
for these conditions include pain relief, neural elements
decompression, resection of the destroyed vertebra,
and mechanical stabilization of the spine. The conven-
tional surgical method after vertebral body resection is
interbody arthrodesis using the bone grafts or bone
substitutes and spine stabilization using the anterior
or posterior instrumentations®. The interbody arthro-
desis can be performed using structural autogeneous
bone graft, allograft, or bone substitutes but most of
these procedures require large amount of bone grafts. In
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Fig. 1 The use of KKU expandable cage to stabilize the
adjacent vertebral bodies

general, the autograft is preferred because of good bone
healing ability and less risk of transmitted disease®,
whereas autograft has limitation in their donor sites.
The remaining unstable spines are stabilized using
the anterior or posterior instrumentation. The anterior
instrumentation is easier and less morbid because
there is no need for the second operation of a posterior
instrumentation. A recent study suggested that direct
anterior corpectomy with surgical stabilization provided
superior ambulatory rate and pain relief than posterior
laminectomy®. The authors invented the new model
of the expandable anterior instrumentation (KKU ex-
pandable cage) that can be inserted as a space occu-
pying implant directly to the vertebral body defect.
The implant can lessen the demand of the bone graft or
bone substitute for interbody arthrodesis, is expand-
able to fit the defect easily. The device can also tolerate
the spinal physiologic compression load for vertebral
stabilization. The primary goal of this study is to report
the prototype and in vitro mechanical properties of
this KKU expandable cage.

Material and Method

The device made out of 316L stainless steel
was designed using a computer graphic program
(Autocad 2006) based on the characteristics of the
cage including expandable property, fit to the vertebral
body defect after corpectomy, fix with the vertebral
bodies for stable fixation, locking mechanism for
twisting protection and bearing the maximal load of
the thoracolumbar spine (Fig. 1). The authors con-
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Fig. 2 The configuration of the KKU expandable cage

ducted the invented device structural analysis to test
the structural properties® using structural analysis
software (COSMOS Express).

Results

Based on the characteristics of the expand-
able property, this implant can fit to the vertebral body
defect after corpectomy. It also fixes with the vertebral
body for stable fixation and locking mechanism for
device twisting protection, and bears the maximal
physiologic compression load of the thoracolumbar
spine (1250 N)©1D, The implant has the configuration
asFig. 2.

Geometry of KKU expandable cage (Fig. 3-6)

The upper and lower plate dimensions are 23
mm in diameter each and 2.5 mm in their thickness. Its
height can expand from 20 to 35 mm. When the cage is
expanded by rotation of the threaded part, the two 2
mm spikes will penetrate into the adjacent vertebrae to
prevent the slipping of implant out the adjacent verte-
bral bodies. The 3.5 mm AO/ASIF screw%) can be
inserted to the screw holes for secure fixation of the
implant to the vertebrae to prevent rotation or collaps-
ing of the implant.

The device was made of medical grade stain-
less steel (316L, grade 2) designated by American
Society for Testing and Materials (ASTM)®%, The 316L
stainless steel is an alloy of iron and carbon. The other
major alloying elements include chromium, nickel, and
molybdenum, with minor amounts of manganese, phos-
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Fig. 3 The geometry of KKU expandable cage (in milli-
meters)
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Fig. 5 Side view of the lower part of the cage

phorous, sulfur, and silicon (Table 1).The mechanical
properties of 316L stainless steel alloy is demonstrated
in Table 2.

The mass of the device is 0.0301044 kg and
the volume is 3.76305 x 10-°m?®. The authors used the
maximal physiological load (1250 N) of vertebra to test
the mechanic tolerance of the device. It showed that
this device could be stressed from 11692.7 N/m? to
94.7266 x10° N/m?2, which is lower than the 170 x 10°
N/m? compression strength of 316 L stainless steel
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15.00

Fillet =0.25 -

Fig. 4 Side view of the upper part of the cage

Fig. 6 Top view of the cage

Table 1. The components of austenitic 316L stainless

steel®?
Element Weight
Fe 60-65%
Cr 17-20%
Ni 10-17%
Mo 2-4%
C 0.03%
Mn, P, S, Si 2.8% (total)
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Table 2. The mechanical properties for 316L stainless steel

alloy®®
Properties
Density 8000 kg/m®
Poisson’s Ratio 0.27-0.30

190-210 x 10° N/m?

930 x 10° N/m?

792 x 10° N/m?

170 x 105 N/m?

310-448 x 10° N/m?
7-10%

Elastic Modulus

Tensile Strength

Yield Strength

Compression strength
Endurance limit (at 107 cycles)
Elongation

(Fig. 7). The device also tolerated the compressive load
without failure when the load was applied from O N to
1250 N and completely recoiled to normal configura-
tion when unloaded the device (Fig. 8). Therefore, the
cage can tolerate the maximal physiologic load of the
spine.

Discussion

This new model of expandable anterior instru-
mentation prototype (KKU expandable cage) serves the
objective of intervertebral fixation. It can be expanded
to fit with the vertebral body defect after corpectomy.
It is also a space-occupying device that lessens the
need for autogenous bone graft during interbody
arthrodesis and can tolerate the physiological load for
immediate stability. The design is based on the I-beam
configuration because of good compressive strength.

von Mises (N/m#~2)
9.473e+007
. B8.683e+007
L 7.894e+007
. 7.105e+007
631504007
. 5.526e+007
_4.737e+007
3.948e+007
. 3.158e+007
. 2.369e+007

1.580e+007
I 7.905e+006
1.169e+004

Fig. 7 Stress distribution in the device while compressive
load of 1250 N is applied

The model has a spike screw in both upper and lower
ends for penetrating into the upper and lower vertebral
bodies respectively, pose a fixation into vertebrae and
prevent dislodging of the device out of the vertebrae.
The implant has three screw holes on each side of the
upper or lower plates for 3.5 mm screw fixation to prevent
implant twisting and more securely fixing the implant
to the vertebrae. The cage manufacturers used aus-
tenitic stainless steel because of the lower magnetic
and better corrosion resistance than the martensitic

von Mises (N/mA2)

947924007
86834007
_7EM4e4+007

- 710524007
-6.31524+007
.5.526e+007

. 4.737e4+007

L 3.948e4+007
-3.158e4007

- 2.369%e+007

1.580e+007
7.905e+006
1.169%+004

Fig. 8 Dynamic compressive loading on the device (left: initial phase of compressive loading, center: mid phase of maximal
compressive loading (1250 N) and right: late phase of unloading of the device)
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stainless steel. The authors did not test the shear
strength and torsional strength of the cage because
these strengths are influenced by the metal to bone
interface. In the future, the implant structure and ma-
terial will be tested in cadaveric spines so that it can be
developed finally for use in patients.
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