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The specialized anterior cervical plate is intended for use in multilevel corpectomy procedures.  Surgeons will expect the plate to safely and sufficiently stabilize the cervical spine through an anterior-only procedure.  Additionally, clinicians will anticipate that the plate’s physical parameters will be compatible with current surgical practices and Medtronic tools. 
1. Performance

a. Loading 
i. In-vivo considerations:  A Ti-alloy plate (modeled in SolidWorks) will be tested in COSMOSWorks Finite Element Analysis (FEA) to withstand stresses caused by loads determined to approach physiologic injury thresholds: 15Nm (extensive moment) and 2.5kN (axial compression) [1].   The plate needs to operate below the fatigue stress of 250MPa.  Designing below the maximum fatigue stress keeps the design safely below the maximum tensile stress of 45GPa.  
ii. In-vitro considerations:  The tangible prototype will be machined as a Ni-coated ceramic material with a low elastic modulus (SLArmorTM 30% Ni, 42GPa).  The plate will withstand stresses introduced by loads prescribed for standard in-vitro testing: 2Nm (flexion-extension & axial rotation moment) and 20N (axial compression) [2].  Cyclic testing will be conducted below the fatigue stress of the Ni-coated ceramic.  Due to the limited supply and expense of testing models, in-vitro loads and cyclic numbers were kept low (2.5Nm testing is often prescribed, 50N compression load limits are often imposed, and cyclic testing often ranges from 500 to 1000 cycles) [3].
b. Durability:  Expected time in patient is 20 years (± 5 years).  Design should allow for 95% of plates to function optimally (global neck motion within a standard deviation of appropriate cohort-matched cervical kinematics) in-vivo for 25 years.  Prototype design cannot test for this criterion based on the complexity of developing a realistic physiologic model.
c. Tool compatibility:  Incision sizes and retractor system openings range from approximately 4cm x 8cm to 7cm x 15cm.  Cervical screw diameters range from 3mm to 4.5mm and screw lengths range from 10mm to 24mm.  Static and rotating screws must be compatible for each screw hole.  As screws will be provided by Medtronic, Inc., the design emphasis is on screw holes (screw-plate interface).
d. Sizing:  The prototype plate will be a two-level plate sized to fit a saw-bone model representing a large, human cervical spine.  The control plate based on Medtronic’s Atlantis will also be sized based on the same saw-bone model parameters.  Production plates will be designed for 2- and 3- level corpectomies.  Each plate will span the adjacent vertebra on both sides (superior and inferior).  Double level plates from 50mm to 70mm (±0.5mm); triple plates from 65mm to 80mm (±0.5mm), and quadruple from 75mm to 90mm (±0.5mm) with a resolution of 2mm (±0.25mm) for each plate level.  Appropriate curvature (sagittal-plane) for lordosis of the neck must be determined from sampling radiographs and MR scans.  Similar methods need to be applied to determine appropriate curvature (transverse-plane) for each vertebral level for radius of plate curvature with respect to the vertebral body radius.  
e. Size and weight:  Plate length and sagittal and transverse curvature are determined as a function of subject/specimen size.  Plate dimensions will be approximately 2.5mm (±0.25mm) x 70mm (±0.5mm) x 20mm (±0.5mm).  Plate protrusions that curve out laterally should extend an arc length of 4.5mm (±0.25mm) that tapers to 1.5mm (±0.25mm) thick.  The weight of the prototype will be 200g (±15g).  In general, weight will be dictated by the density of ceramic material (3.79g/cm3) and the dimensions of the plate.  
2. Materials

a. Ni-coated ceramic:  The plate will be composed of an SLArmorTM product whose elastic modulus (E = 42GPa) is close to cortical bone (E≈5-27GPa).  Corrosive effects of the metal on the tissue are unimportant for in-vitro, cadaveric mechanical testing; however, the Ni-metal coating should protect the plate during repeated testing and exposure to 0.9% saline solution and bleach.  The stress shielding effect, which will be quite minimal, will be consistent between both plates (control and corpectomy plate) in mechanical testing.  A Ti-alloy (Ti-6Al4V) will be used in manufacturing because of its low elastic modulus (~115GPa) and low density.  Bone heals well into titanium, allowing adequate fusion.  It is inert in the body because of the passivating TiO2 barrier.  Surface texturation of the posterior face of the graft will assist bone integration.  
b. The FEA analysis will use SLArmorTM materials for tests simulating in-vitro mechanical tests (static, low-level FE and AR and cyclic compression) and it will use Ti-6Al4V to simulate loading levels seen in-vivo.

c. Screws may also be composed of stainless steel 316L or a titanium alloy.  Screws will not be designed or manufactured; rather, they will be provided by Medtronic, Inc.
3. Environment

a. Plate sets are stored in a tray in a plastic bin, which also houses surgical tools used for plate implantation.  Storage and OR temperatures should range from 5°C to 30°C.  
b. The plate should remain sterile, clean and dry (humidity within the bin should not exceed standard OR levels) until insertion.  The plate must be able to withstand the temperature (≈121°C) and pressure of an autoclave.
c. Strong acids (hot, concentrated HCl, H2SO4, NaOH, and HF) that would remove the oxide barrier (TiO2) surrounding should be avoided.  Sterile, clean and dry storage should prevent contact with these acids.  This alloy is extremely resistant to corrosion; nevertheless, the creation of a galvanic cell should be avoided (esp. platinum, gold or graphite).  These concerns are removed in prototype development and testing.  
d. Users handling the plate must remain sterile.
4. Ergonomics

a. The plate and screw complex should have texture on surfaces for grip where it would not provoke an unwanted biologic reaction.  
b. Screw back out mechanisms should not require separate, removable screws; surgeons prefer fewer moving/auxiliary parts.

c. Appropriate lighting for reading of plate labeling (size) will be necessary.

d. Screw color should differ from plate color for contrast.  All hardware should not blend in with cervical tissue.

5. Installation
a. Instruction courses for appropriate installation techniques will be conducted near client hospital systems.  Technicians in the OR may assist in installation protocols.  
b. Technicians are not present in the OR at all times; thus, written, symbolic instructions (sterilizable) should accompany the device in the bin.

6. Removal
a. In the event of revisionary surgery, a plan for plate extraction must be in place.  
b. A tool system may need to be developed for this procedure that may be sold separately
7. Product life

a. Life span:  As stated, the design life of the product will be 25 years.  
b. Quality

1. Standards/Specifcations: The standards set forth in Class II Special Controls Guidance Document: Intervertebral Body Fusion Device, Spinal System 510(k), and Guidance Documents for the Preparation of IDEs for Spinal Systems including ASTM standards for mechanical testing will assure quality
c. Shelf life:  Time spent in packaging or in a kit should not affect the quality of the plate given titanium’s insensitivity to temperature, humidity, EM fields, etc.  However, given the expected life in-vivo, a recommended shelf life of twenty years should not be exceeded.  
8. Target product cost

a. Cost of Production:  In order to create a complete set of corpectomy plates along with the necessary tools necessary for implantation, the production cost will be estimated at no more than $2,500 per corpectomy plate ($50,000). For prototyping purposes, a single corpectomy plate will be assumed to cost between $200-300.

b. Wholesale Cost- A 50% profit margin will be pursued.  This individual plate sale price will be set at $3750 to either distributors or directly to the health systems.  These costs will be negotiated based on the volume of sales indicated in the contract.
9. Competition:  Medtronic, Styker, Synthes, Depuy, and Zimmer manufacture similar anterior cervical plates.  No company produces a corpectomy-specific plate.
10. Manufacturing

a. Process: An SLA model will be used in prototyping to present design conceptions to surgeons. A Ni-coated ceramic prototype will constitute the end-product of the pre-mass manufacturing phase.  In mass production, corpectomy plates will be packaged in sets of 20 plates of varying sizes (axially and longitudinally) for each level (2- and 3-levels).  Plates will also be sold individually for restocking purposes.

b. Quantity: There are around 11,000 corpectomies performed per year in the United States.  We anticipate grabbing 5% to 7% of the market in our first year.  Thus, we plan to manufacture 11,000 (550x10x2) to 15,400 (770x10x2) plates.  Average cervical fusion procedure is contracted around $10,000.
11. Packaging: The corpectomy plates will be sold as a set or individually.  A healthcare system can purchase an autoclavable kit containing plates of all sizes.  Individual plates can be ordered specifically; these plates will be wrapped individually and already sterilized.  The cost of packaging should be no more than 5% of the cost of production.  
12. Shipping:  Plates will be sent from the manufacturing site to distributors or company representatives via standard shipping carriers.  Sterility must be maintained in shipping (i.e. packaging must not be penetrated or broken).  
13. Testing: 10 plates from one out of every 500 plate set will be taken to test.

14. Safety: The plates will be pre-sterilized and packaged with safety labeling directly on the package.  A technician will typically observe the surgery in order to ensure that every step of the procedure is going as intended.  Surgical training sessions will be conducted by company representatives.  
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