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Problem/Solution 
Myelopathy and radiculopathy, impingement of the spinal cord and nerve roots, respectively, are conditions that typically warrant decompressive spinal surgery.  In severe cervical cases where compression of the neural tissue results from bony changes in the vertebral bodies, cervical corpectomies are often performed1.  Cervical corpectomies currently require anterior and posterior approaches to the lower cervical spine.  Insertion of a long bone graft into the cored vertebral bodies and stabilization of the graft with a plate requires anterior access.  To adequately stabilize the instrumented levels, surgeons often perform a multilevel posterior fusion.  In the absence of posterior fusion, distal end “kick-out” and torsional failure of the plate can occur, which prompt immediate revisionary surgery1.  However, performing a posterior fusion operation more than doubles the operation time, increases the chances for infection, and adds to the recovery time by the added damage to the posterior musculature.  The costs and risks associated with current anterior plating methods warrant an improved method of anterior fusion that would reduce the need for revisions and preclude the need for posterior stabilization.

User/Benefit  
Hospital system purchasers negotiate the contracts for spinal fusion equipment used in corpectomies.  By reducing the operation time, the probability of surgical complications, and the frequency of revision surgeries, the proposed anterior plate would lower surgical costs for the hospital systems.  Spine surgeons are the intended end-user of the product.  Surgeons would appreciate the lowered surgery time, the reduced risks of avoiding posterior operations, which introduce the possibility of damage to the nerve roots and the spinal cord, and the reduced probability of conducting emergency revisionary surgery.  Patients would benefit from reduced OR time, chance of infection, and postoperative complications.  They would also probably witness faster recovery time by avoiding the disruption of posterior cervical muscles.  

Key functions 
The device must stabilize the cervical spine to the satisfaction of operating clinicians.  The plate must account for subsidence and screw loosening in vivo; it cannot follow any of the failure mechanisms experienced by current corpectomy plating options.  The primary function of the plate is to resist failure in extension and compression.
Constraints
Class II Special Controls Guidance Document: Intervertebral Body Fusion Device2, Spinal System 510(k)s3, and Guidance Documents for the Preparation of IDEs for Spinal Systems4 will serve as a guide for design and testing.  As indicated, the novel cervical plate will be classified and marketed as a Class II (special controls) device.  In addition to general controls, post-market surveillance and patient registries will be necessary.  The special controls will include, at a minimum, the following controls2:
· General device description –written description, indications for use, sizing information, material selection, adjunct equipment 
· Material characterization –metal registration, complete polymer characterization
· Mechanical testing –static and dynamic bending and torsional testing, axial compression, axial shear testing, subsidence testing, and wear testing; worst case constructs assessed for each method
· Justification of “substantial equivalence” of certain design features will mitigate the need the complete battery of testing
· Sterility –marketed in sterile form
· Biocompatibility –justified material selection in similar application for similar duration
· Specific labeling standards –instructions for use, identified auxiliary components, clear precautions and warnings
· Further dialogue with the FDA may prompt (1) animal trials and (2) clinical trials due to the potential ruling of the device having “new indications for use or novel technological or design features.”2  In such an event, and the plate will be studied under IDE regulation4.
· Customer standards: 
· Health system standards: It is assumed that insurance groups (Medicare, Medicaid, and private groups) will not act as limiting factors in the design of this plate.  For a given contract for multi-level corpectomies in place at a hospital, a hospital system’s selection of equipment used in the operation serves as the central constraint.  The costs, hospital practices, adjunct tools and packaging demands of hospital systems constrain the design and marketing of the novel plate.    
· Surgeon standards:  The device must be compatible with typical anterior incisions for multilevel cervical fusions.  The novel plate may reduce the amount of bone removed from the vertebral body to allow better fixation of the plate-vertebra-graft complex.  Fixation of the plate must minimize proximity and risk of damage to the vertebral arteries while allowing adequate screw fixation to the lateral vertebral body.  Thus, the benefits of the trade-offs—smaller graft diameter and greater risk of arterial injury for superior plating and anterior-only fixation—must clearly outweigh the introduced risks.  Because of the increased risk introduced to the cervical arteries, surgeons may decline to use the plate based on (1) assessment of their own ability and (2) pre-operative and intra-operative evaluation of patient anatomy.  Therefore, the plate will be marketed as a niche device.  
· Patient standards:  The device should minimize the effects of dysphagia in addition to attaining acceptable initial and long-term mechanical stability.    
· Device compatibility—the plate must be compatible with surgical tools used in traditional anterior fusion procedures.  These tools include skin retractor systems, surgical probes, screw gun bits and drivers and fixation screws.  This plate will be designed to be compatible with Medtronic screws and drivers used for the anterior plate, Atlantis.
Design schedule (2007-08)
· Preliminary SolidWorks design by 14 December
· Pre-prototype design in SolidWork by 10 February
· SLA prototype by 17 February
· Ni-coated alloy by 1 April 2008
· Cosmos FEA testing: 12 January – 29 March
· Redesign as needed
· Mechanical testing completed: 1 April - 12 April
· Update 3D model and FEA testing as needed

· Surgical evaluation by 12 April
Adjudication of success

· FEA plate testing
· Mechanical in-vitro testing
· Cervical surgeon feedback
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