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[bookmark: _Toc104469672]Introduction
There are many innovations within Zimmer Biomet. Thanks to its global R&D and NPD departments placed in various countries around the globe a steady stream of innovations continues to que up in its new project hopper waiting to be released to the market. This ensures that Zimmer Biomet always has a rich choice of new medical implants, instrumentation, and surgical improvements, and now robotic surgical solutions. Zimmer Biomet’s latest innovation is offering iodine treated versions of its already existing and proven implants.
[bookmark: _Toc104469673]What is the Innovation
Coatings of medical implants is nothing new. Zimmer Biomet and its competitors all offer a range of anti-bacterial, wear resistant, bone growth stimulating or sensitivity reduction coatings in their product portfolios. However, Zimmer Biomet has added an innovative technology which is currently unavailable to its competitors – Iodine treated implants. Iodine treated implants offer patients a product that has naturally anti-bacterial materials that fills the pores in the oxide layer of titanium implants and slowly releases over 28 months or more. This reduces the risk of post-surgery infection and in turn, reduces the risk of the implant loosening. Iodine treated implants also offers surgeons and hospitals an advantage by reducing the need for the use of more anti-bacterial packing needed for use during surgery, enabling hospitals to reduce the need and expense of storing extra surgical resources.
Every technology needs to get better (Satell, 2017). This perfectly sums up the idea of iodine treated implants. While its application could be considered breakthrough, overall, it is a sustaining innovation to Zimmer Biomet. However, should there be a large enough impact on market share for Zimmer Biomet then the case could be made that it is in fact a disruptive innovation and one that forces other competitors in the market to re-evaluate their product portfolios.
Principal Drivers for Innovation
Surgical site infection (SSI) is disastrous in orthopaedic practice as it is difficult to rid the bone and joint of the infection, (Al-Mulhim, et al., 2014). If an infection cannot be cleared using antibiotics, then surgical intervention may be needed. This could result in a newly implanted device being removed so that the infection can be removed or treated. In severe cases, a revision surgery would be needed and could potentially result in a reduction in the range of movement for a patient. Another side effect of infection of SSI is that an implant can loosen causing the patient pain and discomfort and potentially permanent damage to the skeletal structure. It is common during surgeries to pack the surgical site with antibiotics. However, these cannot be applied to the bone cuts and existing anti-bacterial coatings can be removed or damaged during impaction of the implant reducing the coatings effectiveness. 
In more developed countries sufficient cleaning protocols are in place to reduce post-surgical infections and sufficient treatments developed to help combat infections should they occur. These protocols and treatments are not as readily available in less developed countries or in hospitals that do not have high enough cleanliness standards. Iodine treated implants are intended to aid these hospitals in offering safer joint replacement surgeries.
Barriers Facing the Innovation
The largest and most significant barriers facing iodine treated implants are the requirements for FDA and BSi approval for new medical devices. Before a new medical device is released to market there must first be enough clinical data available to prove that the device not only functions as intended but is also safe. Depending on the type of device, clinical data will be gathered over a period of 5 to 10 years. During this time, a company cannot profit from the sales of the new device and limited in the number of devices that can be sold. This is a potentially huge hurdle in terms of time and investment. A company will also run the risk of legal action from patients should the device fail, potentially adding to an already excessive cost of introducing a new device to the market.
This requirement has affected the medical orthopaedic industry in terms of new product development. Investing in a radically new or different implant can be seen as a long and cost prohibitive course of action given the time needed to gather enough clinical data to support a submission. This has led manufacturers to instead base new submissions on predicate devices that often results in product evolution rather than revolution. A Premarket Notification [510(k)] is a premarketing submission made to FDA to demonstrate that the device to be marketed is safe and effective by proving substantial equivalence (SE) to a legally marketed device (predicate device) that is not subject to Premarket Approval (PMA). Submitters must compare their 510(k) device to a similar legally marketed U.S. device(s), (FDA, 2022). This had led Zimmer Biomet to evolve its portfolio and offer incremental improvements and variants rather than entirely new products.
Demand is also a barrier facing iodine treated implants. If projected demand is too low then the development would be slowed, but not stopped entirely unless the technology is found to be ineffective. Should demand remain low but the technology considered effective, Zimmer Biomet would then use iodine treated implants to capture the attention of new customers. A sales representative would use a treated implant for specific customers use while offering products from the wider portfolio. Effectively making treated implants a marketing tool. This strategy is currently undertaken using patient matched implants and has proven to be effective at gaining new business.
Key Determinants to Continued Development of the Innovation
A key determinant to continuing the development of iodine treated implants is sales. If there is no market for such a product, then development would slow but not entirely stop. In the case of iodine treated implants there is nothing similar available the market and it offers an opportunity to increase not only market share but open new regions for sales that may otherwise have been closed to the company. Increased sales and the resulting increased profits are a powerful driver for continued innovation in a company driven by share price targets. Another determinant is marketing material. Zimmer Biomet would be able to use lower post-infection rates and implant loosening as an effective marketing tool. This has the potential of opening the wider Zimmer Biomet portfolio of products to regions that have adopted iodine treated implants.

While a key determinant for continuing development is sales. The ultimate key is testing results. If the innovation does not perform, then the project will be cancelled. In the case of iodine treated implants, if its anti-bacterial properties where not sufficient then product management would decide to halt the project. An innovative technology will be continually developed providing it performs.
[bookmark: _Toc104469674]Processes and Technology
The processes used in treating implants with iodine is nothing that does not already exist in Zimmer Biomet manufacturing facilities. The acidization process used to enlarge the pores of the substrate material is the same as that used when applying existing coatings to already existing product lines. The automation is also identical to the automated wash lines used in every Zimmer Biomet manufacturing facility. Process-wise, there is nothing new or radical to what is already in place. This is a huge benefit to the continued operation at Zimmer Biomet sites. There is no requirement to train operators on new processes and equipment and validation activities reduced. There is also no need to invest in new equipment which could increase the cost of the product. However, Zimmer Biomet sites did lack the necessary testing equipment.
External Resources
Even though there was a large enough talent pool and technical base at the Zimmer Biomet UK and US facilities, the decision had been made to send the processing of Iodine treated implants to a German based sub-contractor. This sub-contractor was already familiar with Zimmer Biomet products and currently applies various coatings to existing products. 
While knowledge and ability were not an issue for the sub-contractor, the design, development, and sourcing of the necessary production equipment was. Considerable time was needed to replicate small scale experimental results gathered at Zimmer Biomet sites. These results needed to be inline with previously recorded data gathered by Zimmer Biomet R&D groups to give the sub-contractor a stable enough baseline to compare its manufacturing process. 
Design and fabrication of the required equipment had to be conducted by a specialist machine builder and shipped to the sub-contractor once completed. Zimmer Biomet was able to manage this using factory acceptance testing (FAT) and installation qualifications (IQ). The acceptance criteria for both the FAT and IQ were agreed in advance by both Zimmer Biomet development teams in USA and representatives from the sub-contractor based in Germany. This was made possible using cloud storage allowing both parties access to the latest document revisions and information.
Due to the intended functionality of iodine treated implants, specialist testing was needed to prove that the treatment does what Zimmer Biomet says it does. To do this, Utah State University had been contracted to conduct efficacy testing to ensure that treated implants are able to effectively combat bacterial infections. The research and testing conducted at Utah State determines the viability of the overall project and the results are vital for process alterations and corrective actions at the sub-contractor in Germany. The resource provided by Utah State was not only vital in confirming the effectiveness of the iodine treatment but also in finding processing parameters back in Germany.
[bookmark: _Toc104469675]Managing the Innovation
Most of Zimmer Biomet’s innovations are the result of company mergers or buy-outs. This has been a sound strategy in the past as Zimmer Biomet is able to make use of existing innovations without the need for expensive R&D that can fail. Iodine treated implants is no different. The technology and legal rights were bought from the team of surgeons in Japan. While financially, this type of innovating makes sense, it can tend to make a company lazy in its approach to generating innovative ideas and can result in policy and procedures that can filter through to other areas of the business that can limit innovation. Prior to merging with Biomet, Zimmer’s policies had effectively crippled its ability to bring new products to the market. Zimmer’s merger with Biomet helped change that. Biomet’s goal was simple – give the surgeons what they want. This was often the first stage of any innovation within Zimmer Biomet. From here, it was a case of generating an outline concept and a development tunnel would be created thanks to Biomet’s internal development and design control procedures and managed by a stage gate process. However, these procedures varied from site to site and introducing new products to some sites proved more difficult than others.
Zimmer Biomet now has a standardised approach to new product development and introduction. The idea behind this standardisation is the belief that any Zimmer Biomet site can develop a new product and introduce it to manufacturing at any Zimmer Biomet manufacturing facility. To enable this, a modified version of the stage gate process, invented by Dr Robert Cooper, has been adopted by all sites. This method has worked well in part to Zimmer Biomet being willing to alter the stage gate process to better suit its needs. At the end of every project a “Lessons Learned” session is then undertaken. During this session, everyone involved with the project has the chance to give feedback on the overall process. This feedback is used to better shape the processes involved with introducing new products and has helped streamline the NPD process with the aim of reducing the time required to get new products to market. The stage gate process within Zimmer Biomet is managed globally via monthly meetings in which the key stake holders from each site review the overall progress and ultimately give approval to progress through each gate.
A brief overview of how iodine treated implants has been managed is as follows:
Stage 1-Research & Initial Idea
Research and initial ideas can come from a number of diverse sources: R&D teams, complaints teams or surgeons. In the case of iodine treated implants, the idea and initial data came from a team of surgeons based in Japan. These surgeons managed to gather a substantial amount of clinical data by treating Zimmer Biomet titanium hip implants just prior to surgery. This continued over several years and the group were able to publish their findings and prove that iodine treated implants reduced the risk of SSI’s. This was an important first step for Zimmer Biomet as the clinical data gathered by the group using existing Zimmer Biomet products began to form for a solid basis for a future FDA submission without the need for the company to invest in lengthy studies.
Stage 2-Business Case
Thanks in part to the clinical data gathered by the surgeons in Japan a successful FDA submission became more likely and more affordable. This prompted the marketing teams, product managers and sales teams to generate a business case. The business case considers existing demand and market share and how the introduction of iodine products can positively increase them. An interesting strategy formed as part of the business case. Due to the surgeon’s successful use of iodine treated implants in Japan, the Pharmaceuticals and Medical Devices Agency (PMDA), the Japanese equivalent to the US FDA, believed that there was enough clinical data gathered to allow the continued use of iodine treated implants. This allowed Zimmer Biomet marketing team to release a commercially available variant of iodine treated implants to Japan before any other region. The marketing team then planned to use the sales and clinical data to then justify the products submission in other regions around the world before having a strong enough case to submit to the FDA and gain access to the largest single market – the US.
Stage 3- Testing & Validation
Despite the clinical data gathered by the surgeons in Japan, it was still necessary to conduct tests on the productionised version of the iodine treatment process. Utah State University has been responsible for conducting the testing at this phase. While this is an expensive choice it is the quickest and cheaper route as Zimmer Biomet would not only need to invest in the specialist equipment needed, but also employ the personnel with the necessary skill sets. Zimmer Biomet is also using this phase for the generation of IP and already planning future products and applications from data gathered in this testing phase.
Once all processing parameters is defined, manufacturing development can begin.
Stage 4-Manufacturing Development
Manufacturing at Zimmer Biomet sites required no additional equipment or investment. Instead, all development is taking place at the sub-contractor in Germany. This has helped to reduce the impact that the release of a new product can have on a manufacturing facility.
The development of the iodine processing line was dependent on both the external machine builder and the testing at Utah State. Results from Utah State was regularly fed back to the sub-contractor and then to the machine builder through regular updates and meetings. This resulted in a bespoke machine delivered on time and requiring little modification to meet the conditions set out by Zimmer Biomet R&D and Utah State.
Stage 5-Pilot Build/Limited Launch
During this stage, the entire iodine manufacturing process is put through a pressure test. A small amount of product was manufactured, and each phase of manufacturing is analysed to ensure that each site is producing to the required specifications. Once manufacturing is complete, the products were inspected and open box reviews are conducted to ensure that items are correctly packed, labelled and that marketing is happy with the overall delivery of the product. Once all parties are satisfied, the product is considered ready for full manufacturing and launch.
Stage 6-Product Launch
At this point all manufacturing sites are producing to an already determined schedule and with the confidence that the entire process can meet all requirements.
All of this occurred during the COVID-19 pandemic. As a result, each team was effectively isolated from each other due to travel restrictions. Prior to the pandemic, travel between all four sites would have been commonplace. To allow the project to continue all teams instead met digitally. Thanks to applications such as Webex, MS Teams, and various cloud services, each site was able to continue to function with minimal impact to the overall project timeline. This has had an unexpected side-effect where there have been fewer instances of sites working from out-of-date information and aided in the project running more smoothly. With all the data stored in cloud servers, each site was able to access the latest information. This has resulted in fewer project delays and inadvertently creating more cross-functional teams with micro-biologists having valuable input to fixture design and manufacturing engineers raising and correcting production demand issues all due to each job function having access to the entirety of the data.
The effect of the COVID-19 pandemic on the way Zimmer Biomet managed the iodine project was very profound. Project costs were reduced by the lower air fares alone and the use of cloud services is likely to be integrated into the NPD process going forward.
[bookmark: _Toc104469676]Conclusion
Iodine treated implants is a worthwhile innovation and one which can improve people's lives and make surgeries safer and cheaper. Overall, the development has been problem free, and the use of open external resources has helped move the project along at a steady pace. Zimmer Biomet’s willingness to adjust its NPD process continues to work and proof of this can be seen in the progress of the project covering six countries during a global pandemic. Despite this, there are issues this author has not with its implementation.

It should be noted that following the stage gate process has worked very well. So, too has the use of cloud services in ensuring that all sites stay up to date even during a global pandemic. There are issues which the author has with the handling of the project which go on to cause further issues.
Timeline
While the project, once under stage gate control, has run smoothly. The time taken to start that process has taken 5 years. During this time, product managers have continually altered the scope of potential products and as a result altered the intending manufacturing sites. The original choice was to have all parts manufactured at Zimmer Biomet UK and install the iodine treatment line at that site. This made the most sense as 80% of the products intended for iodine treatment are manufactured there. This then changed to UK manufacturing, but iodine treatment at Zimmer Biomet US facilities before the realisation that it would be cost prohibitive. This led to selecting a sub-contractor based in Germany. During this time, Zimmer Biomet was at risk from one of its competitors developing their own alternative product and potentially losing a market share not only in Japan but also other regions around the world. The main driver for this was political and the belief that Zimmer Biomet’s newest innovation should be placed at its main facility in Warsaw, Indianna.
Supply Chain
The supply chain for iodine treated products spans the globe and the addition of a sub-contractor, based in Germany only increases that supply chains length. For example, one product is partly manufactured in Puerto Rico before being flown to the UK. From here, the product is shipped to Germany, then back to the UK before being driven to the European warehouse in the Netherlands and then transported to Japan. Long supply chains are at risk from disruption as can be seen on the effect of COVID-19 on the world’s supply chains. These long supply chains can increase lead times and costs to products through import taxes and transportation delays, not to mention its environmental impact.
Sub-Contracting
With iodine treated implants, Zimmer Biomet have an innovative product which its competitors are currently unable to replicate. So why this innovation is allowed to be sub-contracted out is frankly, beyond the understanding of this author. While the sub-contractor has the required skill set in coatings and treatments of medical devices, they did not have the required equipment to process the parts. As a result, a bespoke machine is needed. The cost of which is passed on to the products and, Zimmer Biomet’s customers. Zimmer Biomet UK had the required skill sets in productionising the treatment process and had redundant equipment that could have been adapted to suit the required processing requirements. This would have resulted in a cheaper overall product while also ensuring that knowledge of the treatment process still is easily accessible and within Zimmer Biomet, should another site start applying iodine treatments to their products.
It should also be noted that the sub-contractor selected also processes products for Zimmer Biomet’s competitors in the same facility.
Cost
The lengthy supply chain and high processing costs have resulted in a product that can be 50% to 90% more expensive than an identical, untreated implant. While this is not necessarily an issue with a premium product it does go on to limit its availability and accessibility in less developed or poorer regions that would stand to benefit from the innovation the most and where the treatment was originally targeted. More careful consideration of manufacturing sites and the skill sets available within, as well as the overall supply chain could have helped reduce the cost of the product.
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