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Abstract

Background. Clinical reports to date have demonstrated the effectiveness of extreme
lateral interbody fusion (XLIF) in improving patient’s symptoms with positive surgical
outcome and minimal complication rates when compared to other commonly utilized
paths for lumbar fusion surgery. Furthermore, XLIF has also been found to significantly
increase the lordotic angle of the surgical level whilst maintaining the natural alignment
of spine. Despite the demonstrated benefits of the XLIF for lumbar fusion, it remains a
challenging technique to perform on patients with lower lumbar involvement due to the
anatomical restriction of the pelvis. Given the likely benefit of the XLIF technique, an
improved re-design of the XLIF technique that is minimally invasive in nature but with
improved instrumentation flexibility in order to overcome the anatomical limitations of

the lumbo-pelvic region is well warranted.

Objective. To design and develop a novel surgical instrument which would allow the
surgeon to perform a discectomy and fusion of the lumbar disc through the original
insertion of XLIF. In order to navigate and evade around the pelvis, the novel surgical
instrument must have the capacity to turn and bend along its axis as well as a
mechanism to attach, expand and de-attach an expandable cage. Furthermore, in order
to preserve the original disc height and stability, the expandable cage must also allow

adequate expansion in terms of height as well as the base of support.

Methods. Solidworks 2011 was used for the design, modification and production of a
prototype of the above-described surgical instrument. Through extensive theoretical

testing and discussion with surgeons, manufacturers, engineers and surgeons, a number
Vv



of versions were developed. Prior to settling on a final design and sent for the
production of a prototype, Finite Element Modeling were also performed to ensure the
appropriate biomechanical properties are achieved with the design for clinical use and

simulated with a lumbar phantom.

Results. Version 1 combined four-bar linkages and a slider to meet the functional needs
of the instrument; however, the contact area was deemed too small and subsidence may
occur. Version 2 utilized rectangular blocks to solve the problem of small contact area;
however, the connecting pin linking each of the blocks were determined to be too thin
and were at risk of hardware failure. In order to overcoming the shortcomings of the
previous two versions, version 3 used lifting pin to expand the structure. This appears to
be able to address the functional and practical needs of the instrument, however, a direct
and linear force was required to operate the expansion of the cage. Doubts were raised
whether the surgeon would be able to generate enough power to perform the manual and
unassisted turning of the instrument for the expansion to occur, especially when after
the cage has been inserted into the intervertebral space. With the knowledge gained,
version 4 of the instrument tool, incorporating a spring design, was then developed.
With this design, it was possible to transfer torsion forces even when the instrument was
at an angular position. Furthermore, adequate expansion of both height and contact area
was still possible in this angular position. Using titanium alloy as the designated choice
of manufacture material, ANSYS Workbench 14.5, estimated that some areas of version
4 design would not be able to provide enough structural strength against the axial force
load from the spine, even at the L5-S1 level. After that, a prototype based on the design
4 specifications was produced and tested using a simulated phantom. The testing
conducted on the simulated lumbar phantom demonstrated that the newly developed

VI



instrument was able to successfully fulfill the requirements of the original intended
purpose of use with easy navigation to the desired spine level around the pelvis and

successful placement and expansion of the expandable cage.

Conclusion. The newly designed surgical instrument appears to fulfill its original
intention in performing a Lumbar discectomy with fusion through the exploration of an
alternative approach to the traditional XLIF. To the best of our knowledge, this is the

first instrument of its kind and we believe it has great potential for future implications.

Key words: Expandable cage, L5-S1, XLIF, Minimally invasive surgery, Phantom
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