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Abstract

:

The medical device industry is uniquely characterized by both resourceful global companies and innovative catching-up companies. The studies by Chatterji have analyzed how large and established medical device companies could better utilize the ideas from innovative groups such as physicians. While the existing literature on the topic of open innovation is enriched, there are few studies on the partnership between larger global medical device companies and smaller catching-up medical device companies. This study focuses on a structured partnership with global medical device companies. To understand how such a deal could be better arranged, this study adopted the Analytic Hierarchy Process (hereafter, AHP) analysis to derive the success factors of such partnership with a focus on the case of the Korean medical device industry. This survey interviewed 30 experienced professionals who currently work for global medical device companies. The study results found that global medical device companies prefer a licensing deal along with broader territories. In terms of the preferred requirements for a partnership deal, the study revealed that there is strong emphasis on factors such as Quality and Intellectual Property (hereafter, IP) protection. This study has practical managerial implications for catching-up medical device companies which drive an open innovation practice with a view to accelerating their growth trajectory in the global market.
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1. Introduction


To excel in an increasingly competitive market environment, the leading players in the healthcare industry have been transitioning to an open innovation model in recent decades [1]. Multinational pharmaceutical companies are open to this transition as they have to cope with the need to minimize the gap of their own product portfolio by adopting open innovation practices such as licensing [2]. The companies pursue the integration of external resources in an effort to reduce the uncertainty around their pathway to growth [3,4]. In this important transition, the medical device industry is not an exception. Large and established global medical device companies spend billions of dollars in their Research & Development (hereafter, R&D) projects every year and actively explore outside technologies at the same time [5]. In line with these efforts, strategy scholars argue that innovation lies beyond the boundaries among firms, and this innovation plays a critical role in improving firm performance [6]. With regard to the firm performance improvement, Batternik [7] argued that the pursuit of an open innovation strategy allows companies to perform better. More specifically, Eisenhardt et al. argue that the role of dynamic capabilities in gaining resources and the authors explain the superior performance of biotech firms along with the firms’ good alliancing processes for external knowledge [8].



While these large medical device companies maintain their dominant status in the industry, it is known that small medical device companies are taking the lead in providing the industry with innovation in the early stages of product development [9]. The open innovation practice of the large players to secure external technologies is categorized as in-bound open innovation through an outside-in process and that of small players to generate revenue by making their technology available to external parties is called out-bound open innovation through an inside-out process [10]. The small players equipped with innovation look to better leverage their own technology in out-bound open innovation processes [11]. This type of external technology exploitation allows the small players to commercialize their technology assets [12]. This pursuit of commercialization is also applicable to a firm’s IP as the tendency of locking up its IP is relatively low these days [13]. As the originator of the IP does not need to relinquish the ownership of the knowledge, the sharing of knowledge across firms is more widely accepted [14]. This wider acceptance can be explained by the concept of desorptive capacity. Though a firm desorbs its knowledge, the firm’s application of the knowledge is not precluded [15].



A substantial amount of scholarly work has examined what drives firms to pursue open innovation by securing external knowledge [1]. When it comes to the pharmaceutical companies, the firms are directly faced with the decreasing productivity of their R&D projects, and they want to minimize potential risks by seeking collaboration with external parties [16,17]. The question of how open innovation can be categorized based on the direction of knowledge transfer was explored in multiple papers. The papers have categorized open innovation as inside-out, outside-in, and coupled [10]. While there are many important prior works on open innovation, there is a lack of specific empirical evidence on open innovation in the medical device industry due to the following reasons. First, it might be the case that the medical device industry was less focused on research on open innovation. Second, there is limited research that attempts to understand the specific success factors for open innovation practices between larger global companies and smaller catching-up companies. Lastly, few studies have explored the specific practices of out-bound open innovation [18].



The objective of this study is to identify the success factors for a partnership between global medical device companies and Korean medical device companies with the use of AHP. Considering the aim of this study, setting priorities was necessary, and the AHP method was selected as an appropriate option [19]. For a better follow-up on the continued efforts of previous studies, this paper aims to explore the prioritized factors which could drive the bilateral interaction between the two parties. As the deal-making of open innovation practices is quite complex and multifaceted, this study took the unprecedented approach of attempting to identify both internal conditions (candidate’s readiness) and external conditions (deal terms). To derive the customized categories for each set of analysis, this study conducted an extensive literature review.



The results of this study may contribute to the open innovation strategy of Korean medical device companies when they plan to partner with global medical device companies. First, considering that Korean medical device companies are still catching up with the status of global medical device companies, the managerial recommendations from the study will be helpful for other companies in catching-up countries in the industry [20]. Second, by taking the unique characteristics of the medical device industry into consideration, this paper analyzes both internal and external conditions to pursue a partnership with global medical device companies based on the open innovation approach. Third, the AHP analysis in the study is suited to hierarchically clarify the relative importance of each sub-category for the establishment of partnership guidelines. The remainder of this paper is structured as follows: Section 2 introduces the background and literature review. Section 3 describes the method of this study. Section 4 presents the results from the study, and Section 5 discusses the findings. Lastly, Section 6 concludes this paper.




2. Background & Literature Review


2.1. Global Medical Device Industry


The global medical device industry is highly driven by a few big markets such as the US, Japan, Germany, and China. In 2019, the US had the world’s largest medical device market, with the size of $172.9 billion [21]. It was followed by three major markets; Japan ($28.9 billion), Germany ($28.5 billion), and China ($27.3 billion) [22]. Though the US will maintains its status as the world’s largest medical device market, other regions such as Asia Pacific and the EU, will continue their growth at a faster pace over the next few years [9]. With regard to the five-year compound annual growth rate (hereafter, CAGR) from 2014 to 2019, China has the highest CAGR (9.3%) and the US has also shown a solid growth, with a CAGR of 5.4% [23].



The medical device industry is characterized by a unique mixture of both large established companies and thousands of small companies [24]. While the large companies take the lead in terms of revenue, the small companies play a critical role as the source of innovation in the earlier stages of R&D [9]. There are two reasons why the medical device industry has the important role of the small companies. First, medical devices are a very heterogeneous group of products compared to drugs, regarding aspects such as design, use, and purpose [9]. The fact that there are about 1700 different types of medical devices explains this heterogeneity [9]. Second, the medical device industry has a highly knowledgeable group of users, who are mostly physicians. As the small medical device companies are generally more receptive to change, this characteristic can support the knowledge transfer from users [25]. These users are motivated to learn the unmet needs they have figured out in a hospital setting [26,27]. Thus, the users are in the forefront of product development through their complex interaction with medical device companies [28]. The feedback from users allows medical devices to continue their gradual improvement [29,30]. The users also work as the apparent source of innovation and launch a new product along with their smaller start-ups. In other words, the opinions of users allow medical device companies to further innovate [31].




2.2. Korean Medical Device Industry


The medical device industry in Korea continues its significant growth but is still faced with several challenges associated with the characteristics of the industry. In 2019, the Korean medical device market was worth $6.6 billion and was the ninth largest market in the world [32]. Though its market size is ranked relatively high, the Korean medical device market takes up only a 1.6% share of the global medical device market [32,33]. On top of the size of the market, the fact that there is no Korean medical device company among the world’s leading players also explains why Korea is a catching-up country in terms of the advancement of the medical device industry [12]. While Korea leads the Information Technology (hereafter, IT) industry globally, it is true that the Korean medical device industry is not positioned as a leader in the global market.



The industry is generally characterized by thousands of Small- and Medium-sized Enterprises (hereafter, SMEs) and does not have many companies with global operation. As most medical device companies in Korea are relatively small in their revenue sizes, they tend to lack funding for R&D investment and clinical trials [34,35]. The fact that Korean medical device companies have limited resources also explains why they have greater needs for open innovation [36]. These characteristics require Korean medical device companies to be motivated to partner with global medical device companies for a necessary market expansion to overseas markets. Such a collaboration allows Korean medical device firms to benefit from the expertise of global medical device companies in the domain of marketing, regulatory affairs, and others [37]. Mathews’ argument that resources can not only be built internally but also traded well supports Korean firms’ efforts to leverage the capabilities of global firms for overseas market expansion [38].




2.3. Open Innovation in the Medical Device Industry


The concept of open innovation is no longer foreign to most stakeholders in the medical device industry. Due to the chronic challenges associated with R&D efficiency, the pharmaceutical industry has already attempted to make a transition to the concept of open innovation in earlier years [16]. This transition has also occurred in the medical device industry in recent years.



As the medical device industry faces a higher level of competition in the market, it has become more critical for medical device companies to secure a competitive advantage which allows them to compete with others for sustained growth. Given the fiercely competitive environment, the Resource-Based View (RBV) is known to provide the firms with an important framework to better understand how a competitive advantage can be achieved and how such an advantage can last in a sustainable manner [8]. Resources that are rare and non-substitutable can play a pivotal role in offering a sustained competitive advantage over others [39]. When it comes to the resources for medical device companies, they include both tangible and intangible resources such as IP, fund, quality certificate, and others. While most medical device companies strive to be equipped with internal capabilities for their sustained growth, some resources can be better obtained from external sources [8]. Researchers have theorized that dynamic capabilities are strategic processes to access external knowledge with the purpose of implementing value-creating strategies [8].



Multiple strategy scholars have underlined the importance of knowledge management processes to better explore or exploit knowledge in pursuing open innovation. The important work of Cohen and Levinthal [40] discussed the absorptive capacity to explain the stage of acquiring external knowledge and assimilating it. As firms are increasingly focusing on interactive knowledge transactions to broaden their knowledge base, scholars began paying attention to the concept of knowledge exploitation [15]. In an effort to build an integrative view of knowledge management in open innovation, Lichtenthaler [15] came up with a framework for managing both internal and external knowledge. The framework proposes six knowledge capacities: incentive capacity, transformative capacity, and innovative capacity are for internal knowledge management and absorptive capacity, connective capacity, and desorptive capacity are for external knowledge management. In the context of open innovation processes, firms which plan an outward knowledge transfer require desorptive capacity and firms which drive the acquisition of knowledge need absorptive capacity [15,41].



One of the most widely recognized open innovation processes has the following archetypes: outside-in, inside-out, and coupled [10]. Among the three archetypes, outside-in has been playing a key role in helping large medical device companies to diversify their sources of knowledge. The criticality of external knowledge to the innovation process supports the role of outside-in practice [40]. Multiple papers on open innovation have also proved that outside-in processes are the most popular choices by firms [42].



In the past, large medical device companies have relied on internal R&D projects to build their product portfolios [43]. Their key technological knowledge was mostly developed in-house [11,43]. Based on the argument of Lichtenthaler [12], this traditional approach belongs to the category of closed innovators with limited external technology. While the large medical device companies continue to focus on internal product development, they are also leveraging external partnerships and M&As as a tool to further bet on bolder innovation [2]. M&As allow these companies to diversify their technological portfolio a lot faster than their internal development [44]. Mikus et al. [45] also argued that companies can pursue their own R&D projects, but there are occasions when they do not have the knowledge and the technology which they need. The fact that the acquisition of new knowledge and technology from external parties was proven to be a more efficient approach also supports this transition [45]. This change in their innovation strategy is tightly related to the current challenges which they are faced with: the pressure to both improve efficiency and reduce costs in an effort to cope with the ever more competitive market environment [43]. In addition, the ever-shorter product life cycles caused by competition require a faster development cycle-time by exploiting external sources [46].



Small medical device companies which are generally equipped with unique technological strengths pay more attention to inside-out open innovation opportunities. As the medical device industry is more technology-centric than before, these technological strengths enable the small medical device companies to attempt to execute the inside-out open innovation strategy more actively [47]. In these inside-out processes, companies exploit their own knowledge by taking ideas to the market or selling IP [42]. A common example of this strategy is a technology licensing agreement aiming at additional revenue [11]. By this type of licensing agreement, the companies attempt to generate more revenue and achieve the strategic direction of actively commercializing knowledge [12].



The open innovation strategies which allow the companies to execute external collaborations include M&As, joint ventures, joint research, and partnerships [11].




2.4. Research Framework and Variables


To derive the main criteria for each AHP analysis, this study conducted a literature review. While previous studies took the fragmentary approach to the success factors of partnership, this study pursues a comprehensive approach by taking both internal conditions and external conditions into consideration. The main criteria of internal conditions are (1) regulatory readiness, (2) quality readiness, (3) funding status, and (4) IP readiness.



First, as an increasing number of medical device companies are exploring the regulatory approval of products in multiple jurisdictions and the process is a critical pathway in the medical device development, regulatory approval works as a critical factor for the readiness assessment [5,37,48]. The fundamental nature of a partnership deal with a global medical device company requires a certificate in each target country [9]. A survey with R&D leaders at leading medical device companies also confirmed that 95% of respondents identified global regulatory requirements as a top challenge in the coming years [43]. In line with the four largest medical device markets (the US, Japan, Germany, and China), this research came up with three sub-categories: Food and Drug Administration (hereafter, FDA), CE (Conformité Européenne, hereafter CE), and National Medical Products Administration (hereafter, NMPA)/Pharmaceuticals and Medical Devices Agency (hereafter, PMDA) [23]. Then, the Ministry of Food and Drug Safety (hereafter, MFDS) for Korea was added as it is a certificate for most Korean medical device companies.



Second, while obtaining regulatory approval is a key task in the medical device development, establishing a quality system is also important as a medical device can have a direct impact on the health of a patient [49,50]. Due to this importance, the production and use of a medical device is firmly regulated by both local laws and international certificate systems [9]. As Korean Good Manufacturing Practice (hereafter, KGMP) is a mandatory certificate for any product to be sold in Korea, the certificate is selected as a sub-category for the quality readiness category [51]. International Standard Organization 13485 (hereafter, ISO 13485) is a well-established Quality Management System standard for the medical device industry [52]. Most medical device companies which plan to enter overseas markets are advised to be equipped with ISO 13485. In an effort to seek consistency among regulatory bodies across the world, the Medical Device Single Audit Program (hereafter, MDSAP) was implemented by an alliance of five regulatory partners (Australia, Brazil, Canada, Japan, and the US). As the program meets the regulatory needs of the participating countries, it can significantly reduce the burden of multiple inspections by producing a harmonized single audit [32]. Lastly, the sub-category of cyber-security is selected due to the increasing emphasis on the prevention of cyber-attacks against connected medical devices, especially against personal medical devices [53].



Third, Lee [54,55] argued that one of the success factors for medical device start-ups is funding (funding capacity and available funds), and this selection is also aligned with the fact that the medical device industry is quite R&D-intensive, along with the needs for investment [24]. As firm size and age have an influence on a firm’s knowledge strategies, it is meaningful to have sub-categories which can represent each funding stage [47]. The earliest funding stage begins with angel financing by business angels [56]. Then, multiple rounds of funding will generally follow, and this study came up with the following sub-categories: Angel/seed, Series A, Series B, and Series C/Initial Public Offering (hereafter, IPO).



Fourth, in the highly R&D-intensive medical device industry, patents play an important role in a firm’s innovation capabilities [24,57]. Patents enable a firm to maintain technological advantages and work as the appropriate indicator of different innovation capabilities [11]. In addition, the R&D staff finds the existence of patents quite important as the process works as a pre-requisite to pursue further product development [58,59]. The development of medical devices requires the review of the IP landscape, and the pursuit of the specific development project can be determined based on the results of a risk management capability assessment [50]. The internal policy of global medical device companies also requires a potential partner to be equipped with a patent to prevent any latent allegation [60]. The filing of a local patent is an initial step for intellectual property management, and the Korean Intellectual Property Office (hereafter, KIPO) grants a local patent if a specific technology meets all the requirements [61]. The Patent Cooperation Treaty (hereafter, PCT), an efficient solution for acquiring patent protection in most member countries, is widely selected by local medical device companies [59,62]. This system serves as the tool for entry barriers in the overseas markets [63]. The PCT helps a device company to protect its information through a lead time over potential competitors [64]. While the processes of filing and granting are highly interrelated, this paper separated the two stages as it takes at least multiple months to move from the status of filed patent to the status of granted patent. In accordance with the local and international patent system, this research could have the following sub-categories: Local Patent Filed, Local Patent Granted, PCT Filed, and Overseas Patent Granted.



Hence, the research derived the following criteria for the internal conditions (candidate’s readiness) analysis: regulatory readiness, quality readiness, funding status, and intellectual property readiness (Figure 1).



An AHP analysis of external conditions is used to understand what type of deal structure is preferred by global medical device companies. While the internal conditions (candidate’s readiness) focus on the requirements, the external conditions lay out prioritized criteria which could have a major impact on a partnership agreement. The main criteria of external conditions are (1) type of partnership, (2) targeted geography, (3) choice of brand, and (4) investment type.



First, in line with the objective of the analysis for external conditions, the question of which type of partnership to pursue is one of the main criteria for this analysis. The common practices of open innovation include outsourcing, M&A, and others [65]. Contract manufacturing lets a partner company manufacture a global medical device company’s product, and it is an apparent case of outsourcing [66]. Lichtenthaler [67] stressed the increasing trend of the external exploitation of knowledge, and a licensing deal was one of the options. While a licensing deal aims at utilizing the R&D capabilities of a potential partner through a contractual arrangement, a distribution deal focuses directly on the sales and marketing of a certain product [68]. In case of a distribution deal, a global medical device company works as a distributor for certain geographies. Mergers and Acquisitions (hereafter, M&A) pursues the full control of a partner company along with the significant amount of capital investment. Despite the need for the investment, larger firms are motivated to acquire a full entity as the key capabilities which are embedded in a target can be better obtained [69]. Thus, the following sub-categories are derived in the type of partnership category: contract manufacturing, distribution deal, licensing deal, and M&A.



Second, considering that this study covers a partnerships with global medical device companies, which geography to target is an important consideration factor to be discussed. Most licensing contracts define the territory for a deal, and the choice of a cross-border deal is not uncommon [70]. This factor is known to be critical for a global medical device company, as the choice of market relates to its registration strategy and marketing plan. On top of the home market (Korea), the largest targetable geography is added: the global market. Then, based on both the maturity of a market and the level of technology to be preferred, the emerging market (including China) and developed market (including the US and EU) are derived. The emerging market sub-category includes countries such as Brazil, India, Russia, Indonesia, and China [71]. The average growth rates of those markets are well above those of developed markets. The EU, a trading bloc, remains the largest importer of US medical devices and is a clear representative of the developed market along with the US [21]. Hence, the selected sub-categories are Korea, emerging market, developed market, and global (market).



Third, brand is another major factor in external conditions as it has a direct association with regulatory approval and product reputation [72]. As the contractual arrangement of the Original Equipment Manufacturer (hereafter, OEM) is perceived as a favorable tool for a firm’s business expansion, the brand of a global medical device company is one of the preferred choices in a partnership deal [73]. While the choice of Multinational Corporation (hereafter, MNC) brand remains as a common option, the increasing emphasis on the brand equity of an individual firm makes a manufacturer become more interested in the choice of its own brand. In this study, the choice of a manufacturer’s own brand will be called partner brand as it explores the possibility of partnering with a global medical device company. While these two choices are relatively common, this study also paid attention to two emerging choices: revised brand and new brand. Revised brand is a hybrid choice as it is based on the brand of a manufacturer but has the flavor of a global medical device company along with any symbol or word representing the global company. New brand refers to a case when a whole new brand is created for a specific partnership deal. The sub-categories in the brand category are as follows: partner brand, MNC Brand, revised brand, and new brand.



Some open innovation strategies, such as M&A and technology acquisition, require monetary investment, but for others, such as distribution agreement, monetary investment is optional [35,74]. The type of investment mainly defines the timing of an investment and is a critical decision item for any global medical device company, given its nature as a listed company (in most cases). While a non-investment deal is known as the lightest choice for any company, some companies do consider investment options such as early-stage investment or minority equity investment. Early-stage investment is generally considered when a target company needs to improve its quality standard or be equipped with an additional manufacturing facility. Minority equity investment is executed when a global medical device company finds a deal quite successful and wants to support the capacity expansion of a target company. While minority equity investment by a Private Equity (hereafter, PE) firm generally focuses on a firm performance improvement, global medical device companies focus on how such an investment could support the specific partnership deal [75]. M&A is a preferred choice, but it is also true that such an investment is considered when the level of certainty is meaningfully high [13]. Consequently, the following sub-categories are derived: non-investment deal, early-stage investment, minority equity investment, and acquisition.



Therefore, the following criteria for the external conditions are obtained: type of partnership, targeted geography, brand, and type of investment (Figure 2).





3. Methodology


3.1. Data


This study interviewed a total of 30 experienced professionals from global medical device companies such as Medtronic, Johnson & Johnson, Stryker, Roche, Canon, and Alcon. Regarding the total number of years in the healthcare industry, the group of 15–20 years was found to be the largest one, and the group of 10–15 years was the second largest. As there is a tight correlation between age and work experiences, 40s (50%) was the largest age group, and 30s (26.7%) was the second largest. In terms of function (expertise), QA/RA (33.3%) was found to be the largest one, and both Marketing (20%) and Business Development (20%) were the second largest ones. There was an even distribution between Male (50.0%) and Female (50.0%). More detailed results are shown below (Table 1).




3.2. Analytic Method


In alignment with the objective of the research, this study conducted an AHP analysis to identify the success factors for a partnership between Korean and global medical device companies. As this study aims at identifying the success factors from both internal conditions (candidate’s readiness) and external conditions (deal terms), it ran two sets of AHP analysis. This method focuses on prioritizing multiple criteria by conducting a pairwise comparison of the importance of each criterion [19]. It allows a decision maker to have a structured view on a certain situation by choosing the factors which are more important [76]. The AHP analysis is helpful for tackling this complex issue of partnering between medical device companies [54].



The survey respondents mainly include experienced professionals from global medical device companies across the globe. In terms of their employers, this study wanted to make sure that they belong to diverse product areas such as surgical instruments, diagnostics imaging, and orthopedics. While this research began by interviewing commercial teams such as Sales and Marketing, the research also secured the interviews with diverse functions including Quality Assurance (hereafter, QA), Regulatory Affairs (hereafter, RA), Reimbursement, Clinical, Sourcing, and Business Development. This survey was conducted from 10 May 2021 to 25 June 2021.





4. Results


This study conducted the two sets of AHP analysis: internal conditions and external conditions. The former is to understand the requirements for Korean medical device companies and the latter is to understand the preferred deal conditions by global medical device companies. The pairwise comparison of the sub-categories allowed this study to identify both the priority and the importance of each sub-category.



The comprehensive analysis (Table 2) to understand the integrated perspectives for classifying the importance of both internal and external conditions shows that 60% out of the top 5 sub-categories belong to external conditions. In terms of the sub-category with the highest importance, ISO 13485 (Quality) is found to have the importance of 0.270. The analysis for the top 10 sub-categories shows that there is a good balance between internal and external conditions as both conditions take up 50% of the sub-categories, respectively. With respect to the sub-categories in the top 50% percentile, both internal and external conditions occupy 50% each. Another analysis for the sub-categories in the top 50% percentile found that both Quality (internal) and Partnership (external) have high overall importance, as each criterion has all four sub-categories in the top 50%.



With respect to the internal conditions (candidate’s readiness), the results present that global medical device companies have a distinct preference for the category of quality. Three quality-related sub-categories (ISO 13485, MDSAP, and KGMP) are on the top 5 in Table 3. The sub-categories of FDA and CE are ranked fifth and sixth, and these priorities explain the importance of regulatory readiness to the global device companies. While overseas patent granted has the second highest importance (0.089), other sub-categories of both IP and funding are relatively less importance.



The analysis of regulatory readiness confirmed that FDA has the highest priority along with the importance of 0.067. CE has the second highest priority (importance: 0.057) and was followed by MFDS (Korea), with the importance of 0.020. While NMPA (China) and PMDA (Japan) are still important approvals, they were regarded as less critical approvals (importance: 0.012) compared to FDA and CE (Table 4).



Quality readiness is one of the most important success factors when a global medical device company evaluates the readiness of a Korean medical device company. ISO13485 was confirmed as the highest priority sub-category (importance: 0.270). MDSAP was found to have the second highest priority (importance: 0.069) and was followed by KGMP with a very small gap (Table 5).



The sub-category of ISO13485 (priority: 1, importance: 0.270) is ranked first among all the 16 sub-categories for internal conditions, and other sub-categories of MDSAP and KGMP are ranked third and fourth, respectively. This strong emphasis on quality reaffirms the direct impact of medical devices on the health of a patient [50,51]. With respect to MDSAP, the result could derive from the following supporting factors. First, as Chatterji [24] pointed out, medical devices have a relatively shorter product life cycle, so it is critical to save time to obtain the required overseas certificates by leveraging this type of simplified process. Medina et al. [77] also stated that the global market continues its competition on a time basis. Second, the fact that the total market share of the five member countries (the US, Japan, Canada, Australia, and Brazil) exceeds 50% of the global medical device market provides support for the high preference by the global medical device companies [21]. In addition, the fact that a global medical device company is generally responsible for a potential product safety issue as a distributor also explains why those companies consider quality as a top priority [9].



Among the sub-categories of funding status, Series C clearly has the highest priority with the importance of 0.053 (Table 6). The study results find that global medical device companies apparently prefer well-funded/mature companies as funding allows a company to be better prepared for most requirements for a global partnership.



Lee [54] argued that funding is an important success factor for medical device start-ups, and this result is consistent with the argument. In the category of funding status, the results found that there is an apparent preference for mature start-ups in the funding stage of either series B or series C. This preference confirms that the medical device R&D and its commercialization require constant investment [34].



The analysis of IP readiness found that an overseas-focused patent strategy along with PCT has the higher priority over a local patent. Overseas patent granted has the highest priority (priority: 1, importance: 0.089) and was followed by local patent granted, with the importance of 0.027 (Table 7).



Overseas patent granted (importance: 0.089) is found to have the second highest importance among all the sub-categories, and this result is well aligned with the increasing importance of IP in the R&D-intensive medical device industry [71]. Davis [57] stated that MNCs require a comprehensive intellectual property rights protection from the beginning due to their global partnership, and the result of this study is consistent with this view. With respect to the overall importance of IP, Kim et al. [1] opined that patenting becomes a primary factor in a firm’s innovation process.



These external condition results show that global medical device companies put an emphasis on two categories: targeted geography and type of partnership. Out of the seven sub-categories with high priorities, four are about type of partnership (licensing deal, distribution deal, contract manufacturing, and M&A) and three (global, developed, and emerging) are about targeted geography. As this external condition analysis has the aim of understanding more important deal terms when it comes to a global partnership discussion, the results show that global medical device companies found both geography and partnership type fundamental. The categories of brand and investment are placed relatively lower in Table 8.



In terms of partnership type, licensing deal (importance: 0.118) and distribution deal (importance: 0.116) have higher priorities than contract manufacturing (importance: 0.071) and M&A (importance: 0.061) (Table 9). Though M&A is a preferred choice for global medical device companies, the interviewees generally put more emphasis on the lighter choices as those choices are more feasible.



Yun et al. [78] pointed out that the combination of technologies and markets is becoming an emerging trend, and this view is well aligned with open innovation activities such as M&As, collaborative activities, and outsourcing to reduce costs and increase productivity. The finding from this analysis also supports the view that the sub-categories such as licensing deal and distribution deal have a relatively high importance (of 0.118 and 0.116, respectively). In line with the view of Kim et al. [65] that licensing agreement is a commonly observed type of inter-firm alliances, licensing deal is found to be the sub-category with the highest preference (priority: 1, importance: 0.118) in this analysis. While Lin et al. [60] opined that M&A is an important tool to strengthen a firm’s competencies, this study found that the sub-category of M&A has a relatively lower importance [priority: 4, importance: 0.061]. Another major finding is the preference for acquiring external technologies [11,37]. Though the gap is not significantly large, there was higher preference for a licensing deal compared to a distribution deal which does not require technology absorption. This finding is supported by the study of Lichtenthaler [40] in that the larger medical device companies are better equipped with absorptive capacity thanks to accumulated experiences from past deals. The argument of Cohen and Levinthal also stressed the importance of prior related knowledge which lets a firm assimilate new information better [40,79].



When it comes to targeted geography, global medical device companies present a quite stronger preference for the larger markets, such as the global and developed ones. Global has the highest priority, with the importance of 0.217, and is followed by developed (priority: 2, importance: 0.089) (Table 10).



The results of this study indicate that global medical device companies find larger markets more favorable mainly due to the size of the addressable revenue in each market [23]. There is an apparent preference for the sub-category of global (priority: 1, importance: 0.217) as global means the entire medical device market in the world. The sub-category with the second highest importance is developed (priority: 2, importance: 0.089) as the developed market with the combination of both the US and the EU represents more than 60% of the global medical device market [23]. Maresova [9] stated that the Asia Pacific market is expected to expand at a faster pace than that of the US market, and this view explains the meaningfully high importance of the sub-category of emerging (priority: 3, importance: 0.063).



The analysis of the choice of brand found that the brand of global medical device company was strongly preferred with the importance of 0.043 (Table 11). Revised brand has the second highest priority (importance: 0.402) as global medical device companies believe that it is important to keep the brand identity of their own brand.



With respect to the result of brand choice, the fact that there is a positive correlation between brand image and the purchasing intent of a medical device supports the relatively high preference for MNC brand and revised brand [19]. As the awareness level of the brands of Korean medical device companies is lower than that of global medical device companies, the higher importance of MNC brand (priority: 1, importance: 0.043) is identified [19].



In the Investment type category, the results show that global medical device companies prefer to take an achievement-based approach as minority equity investment has the highest priority (importance: 0.032) (Table 12). Early-stage investment has the lowest priority (importance: 0.019) as the option was found to be riskier. If a global medical device company is firm on the attractiveness of a candidate, it rather prefers an acquisition (importance: 0.027).



While milestone payment in a licensing deal in the pharmaceutical industry is specifically related to the developmental phase of a drug, the equity investment in the medical device industry is supposed to provide a partner company with resources (e.g., funds for capacity expansion) to execute a deal in a more stable manner [65]. Cwalina et al. [80] stated that firms are often faced with difficulties related to regulatory approval and funding while they are translating new ideas into the commercialization phase, and this view supports the importance of minority equity investment in a global partnership deal. Acquisition (priority: 2, importance: 0.027) is the second most important sub-category in the investment type analysis, and this result indicates that global medical device companies find the option attractive. The argument that M&A allows a firm to have more dominance and control also supports the finding of this analysis [63].




5. Discussion


The analytical results of this study for open innovation provide a systematic overview of the success factors for a partnership with global medical device companies. Though scholars have already made significant strides in understanding the open innovation in the medical device industry, the results of this study make a few meaningful contributions to prior work on the partnership with global medical device companies by detailing both internal and external conditions.



First, it needs to be emphasized that global medical device companies have a clear preference for more global and universal standards for open innovation. This preference for a more global standard is explained by the relatively high importance of both FDA and CE in the study. Kampfrath [81] provides a rationale for this strong emphasis on FDA as it is the regulatory agency for the world’s largest medical device market. The high importance of CE among the sub-categories also results from the fact that the EU is the world’s second largest medical device market as a region with 27 member countries [21]. Maresova et al. [9] stated that the CE marking certificate proves that a device meets all the regulatory requirements to be sold in the European Union (hereafter, EU). An approval from one of the designated notified bodies allows for marketing activities in any member state [82]. This flexibility of CE enables medical device companies to better utilize their regulatory-related capabilities. Though the Chinese and Japanese markets take up a relatively large portion of the global market, the approval for each market was not found to be critical as each one of them is solely for one country. The relatively higher importance of the two quality-related international standards (ISO 13485 and MDSAP) also explains that more universal certificates are preferred by the global medical device companies. In addition, the strong emphasis on the international patent supports the notion that global medical device companies prefer a more universal standard. As global medical device companies are seeking market entry in multiple geographies, it is necessary for them to focus on the granted patents at an international level to protect themselves from the emergence of any potential copycat product [43]. This finding is consistent with the view of Lee [19] that it is important to deal with global certificates which require stricter processes for global market entry.



Second, this study’s finding suggests that global medical device companies prefer broader territories when they drive outside-in open innovation processes. The results point to the fact that global medical device firms strive to improve efficiency by actively targeting markets with more revenue potential [43]. The estimated size of the global medical device market is $446 billion in 2021, and the size of the addressable revenue clearly supports the strong preference for the global market by the large firms [19]. A significant preference for the choice of developed markets is solidly backed by the fact that three (the US, Japan, and Germany) out of the four largest medical device markets in the world belong to the category of developed markets [22]. This result is consistent with the findings of Lichtenthaler [12] that large firms have abundant resources to drive open innovation processes as the market entry to the developed markets certainly asks for a sizable investment. In line with the view of Cohen and Levinthal [40], the global companies are more likely to have accumulated experiences from the past deals in the US and the EU, and the absorptive capacity allows the companies to target the developed markets in a more manageable manner.



Third, this study provides evidence that global medical device companies want to minimize uncertainty while they approach their open innovation processes. The result of this study shows that the global medical device companies have a preference for more mature firms in terms of funding stage though Gopalakrishnan and Bierly [47] opined that smaller organizations are better suited to innovate thanks to their being more nimble and adaptive. One explanation for this result is that start-ups in the early funding stage may have difficulty in being equipped with key requirements in terms of regulatory approval and quality certificates. The findings from partnership type also explain this avoidance of uncertainty. Though multiple strategy scholars argued for the importance of M&A as an effective tool to acquire external resources, the results from this study showed a relatively lower preference for M&A. A follow-up interview to better verify this unique finding showed that global medical device companies find that an M&A deal with a Korean medical device company is a less feasible choice mainly due to the lack of maturity in terms of technological strengths. While acquisitions can be motivated by multiple factors such as an access to distribution channels and an entry into new markets, the technology-centric characteristic of the medical device industry lets an acquirer become more motivated by the technological capabilities of a target [83].




6. Conclusions


This study contributes to open innovation literature by examining the success factors for a partnership with global medical device companies based on two main dimensions: (1) internal conditions as firm resources for a competitive position in partnership discussions; (2) external conditions as strategic processes to bring the external resources from global companies. Though multiple authors have explored the topic of open innovation in the medical device industry, the need to provide implications on the partnership with global medical device companies still exists. This empirical analysis of global partnership is, to our knowledge, the first empirical research which attempts to understand how medical device companies in catching-up countries can partner with global medical device companies.



The AHP analysis in this study brings in valuable insights by interviewing 30 experienced professionals in the leading medical device firms. The results of the analysis show that global medical device companies find quality to be the most important factor when evaluating a potential partner, and granted patents for overseas markets are also identified as a critical factor. With respect to external conditions, this analysis confirms that the global medical device firms prefer a licensing deal under their own brands while focusing on larger geographies such as the US and EU markets. In addition to the theoretical contribution, the findings from the study provide several practical implications for Korean medical device companies which pursue a global partnership for overseas market expansion.



First, medical device companies which plan to partner with global medical device companies need to focus on key requirements in terms of both overseas quality certificates and regulatory approvals. With respect to the quality certificates, being equipped with ISO 13485 should be the first focus. As an emphasis on MDSAP is also growing, any medical device firm planning to enter one or more of the member countries for MDSAP is advised to fully leverage the single audit program. While Korean medical device companies have a willingness to enter major markets, including China and Japan, the finding from this analysis suggests that it is more important to be prepared for FDA and CE due to their universal credibility across the global markets. A relevant recommendation for medical device firms in catching-up countries (in the similar context of Korea) is that they should train and educate their quality teams as the function can hardly be outsourced.



Second, medical device firms should build a more customized global partnership strategy in terms of both geography and brand to leverage the preferred deal terms of the global medical device companies. This research shows that global medical device companies have a meaningful preference for a broader target geography with bigger revenue potential and are willing to maintain their own brands. This finding suggests that medical device firms need to focus on a global partnership deal instead of signing multiple regional deals with distributors if they are firm on a partnership with a global medical device firm. When it comes to the choice of brand, Korean medical device companies are better off proposing a revised brand as it is an alternative which will allow a Korean firm to keep certain aspects of its original brand. Fully relying on the brand of a global medical device company can be another good option as this choice will help a specific deal to target a bigger revenue backed by both the reliability and awareness of the MNC brand. This strategy of leveraging the MNC brand can be a practical choice for a medical device firm in a catching-up status.



Third, the policy makers in relation to the Korean medical device industry should build a systematic funding program for medical device companies’ overseas market expansion with a focus on the support for later funding stages. Based on the results of the study, medical device firms are asked to be prepared for overseas quality certificates and regulatory approvals for major markets, and all these require significant investment. As potential global partners generally prefer a medical device firm in a more mature funding stage, it is important for medical device firms to secure large amount of funds until they get an access to minority equity investment. The government is already providing companies with early-stage funding programs such as the Tech Incubator Program for Start-ups (hereafter, TIPS), so it is necessary to develop a support program which could allow a medical device firm to get a stable access to bridge funding for Series B or Series C.



When a potential partnership with a global medical device company is known as an effective measure for entries into larger markets, the findings from this study will be able to guide through the Korean medical device companies. Though this study contributes to the integrated understanding of how Korean medical device companies can partner with global medical device companies, it has some limitations which represent avenues for future study. First, while this research made sure to recruit experienced interviewees from multiple countries such as the US, China, Japan, and Korea, it did not include an interviewee from a European country due to the lack of candidates. As the result points out the importance of the EU market, a representative of a European country would add a meaningful statistic value. Second, to derive more general feedbacks from the interviewees, this research did not specify a target product for a global partnership. Though the general setting was helpful in deriving more structured inputs, some interviewees mentioned that a more customized feedback could be offered if a product type is set. Third, it will be possible to study the stakeholder relationship in the value chain of the medical device industry by utilizing the actor–network theory. The complementation of these limitations in a future study may lay a good foundation for a partnership between catching-up medical device companies and global medical device companies.
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Figure 1. Research framework: internal readiness for partnership. 
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Figure 2. Research framework: external conditions for partnership. 
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Table 1. Survey respondent demographics.
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	Demographics
	Frequency
	Percentage





	Gender
	
	



	Male
	15
	50.0



	Female
	15
	50.0



	Age
	
	



	20s
	2
	6.7



	30s
	8
	26.7



	40s
	15
	50.0



	50s
	5
	16.7



	Work Experiences
	
	



	0~5 years
	2
	9.5



	5~10 years
	3
	14.3



	10~15 years
	7
	33.3



	15~20 years
	12
	57.1



	20~years
	6
	28.6



	Expertise (Function)
	
	



	QA
	5
	16.7



	RA
	5
	16.7



	Clinical
	3
	10.0



	Reimbursement
	4
	13.3



	Marketing
	6
	20.0



	Business Development
	6
	20.0



	Sourcing
	1
	3.3
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Table 2. Results of internal and external conditions.






Table 2. Results of internal and external conditions.





	Item
	Priority
	Importance





	ISO 13485 (Quality)
	1
	0.270



	Global (Geography)
	2
	0.217



	Licensing Deal (Partnership)
	3
	0.118



	Distribution Deal (Partnership)
	4
	0.116



	Overseas Patent Granted (IP)
	5
	0.089



	Developed (Geography)
	6
	0.089



	Contract Manufacturing (Partnership)
	7
	0.071



	MDSAP (Quality)
	8
	0.069



	KGMP (Quality)
	8
	0.069



	FDA (Regulatory)
	10
	0.067



	Emerging (Geography)
	11
	0.063



	M&A (Partnership)
	12
	0.061



	CE (Regulatory)
	13
	0.057



	Series C (Funding)
	14
	0.053



	Cyber Security (Quality)
	15
	0.051



	MNC (Brand)
	16
	0.043



	Korea (Geography)
	17
	0.040



	Revised (Brand)
	18
	0.040



	Minority Investment (Investment)
	19
	0.032



	Acquisition (Investment)
	20
	0.027



	Local Patent Granted (IP)
	21
	0.027



	PCT Filed (IP)
	22
	0.026



	Non-Investment (Investment)
	23
	0.025



	Partner (Brand)
	24
	0.025



	Series B (Funding)
	25
	0.021



	MFDS (Regulatory)
	26
	0.020



	Early-Stage Investment (Investment)
	27
	0.019



	New (Brand)
	28
	0.013



	Series A (Funding)
	28
	0.013



	Angel (Funding)
	30
	0.012



	NMPA/PMDA (Regulatory)
	31
	0.012



	Local Patent Filed (IP)
	32
	0.006
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Table 3. Results of internal conditions (candidate’s readiness).
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	Item
	Priority
	Importance





	ISO 13485 (Quality)
	1
	0.270



	Overseas Patent Granted (IP)
	2
	0.089



	MDSAP (Quality)
	3
	0.069



	KGMP (Quality)
	4
	0.069



	FDA (Regulatory)
	5
	0.067



	CE (Regulatory)
	6
	0.057



	Series C (Funding)
	7
	0.053



	Cyber Security (Quality)
	8
	0.051



	Local Patent Granted (IP)
	9
	0.027



	PCT Filed (IP)
	10
	0.026



	Series B (Funding)
	11
	0.021



	MFDS (Regulatory)
	12
	0.020



	Series A (Funding)
	13
	0.013



	Angel (Funding)
	14
	0.012



	NMPA/PMDA (Regulatory)
	15
	0.012



	Local Patent Filed (IP)
	16
	0.006
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Table 4. Results of regulatory readiness.






Table 4. Results of regulatory readiness.





	Item
	Priority
	Importance





	FDA (Regulatory)
	1
	0.067



	CE (Regulatory)
	2
	0.057



	MFDS (Regulatory)
	3
	0.020



	NMPA, PMDA (Regulatory)
	4
	0.012
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Table 5. Results of quality readiness.






Table 5. Results of quality readiness.





	Item
	Priority
	Importance





	ISO 13485 (Quality)
	1
	0.270



	MDSAP (Quality)
	2
	0.069



	KGMP (Quality)
	3
	0.069



	Cyber Security (Quality)
	4
	0.051
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Table 6. Results of funding status.






Table 6. Results of funding status.





	Item
	Priority
	Importance





	Series C (Funding)
	1
	0.053



	Series B (Funding)
	2
	0.021



	Series A (Funding)
	3
	0.013



	Angel/Seed (Funding)
	4
	0.012
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Table 7. Results of intellectual property readiness.






Table 7. Results of intellectual property readiness.





	Item
	Priority
	Importance





	Overseas Patent Granted (IP)
	1
	0.089



	Local Patent Granted (IP)
	2
	0.027



	PCT Filed (IP)
	3
	0.023



	Local Patent Filed (IP)
	4
	0.006
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Table 8. Results of external conditions (deal terms).






Table 8. Results of external conditions (deal terms).





	Item
	Priority
	Importance





	Global (Geography)
	1
	0.217



	Licensing Deal (Partnership)
	2
	0.118



	Distribution Deal (Partnership)
	3
	0.116



	Developed (Geography)
	4
	0.089



	Contract Manufacturing (Partnership)
	5
	0.071



	Emerging (Geography)
	6
	0.063



	M&A (Partnership)
	7
	0.061



	MNC (Brand)
	8
	0.043



	Korea (Geography)
	9
	0.040



	Revised (Brand)
	10
	0.040



	Minority Investment (Investment)
	11
	0.032



	Acquisition (Investment)
	12
	0.027



	Non-Investment (Investment)
	13
	0.025



	Partner (Brand)
	14
	0.025



	Early-Stage Investment (Investment)
	15
	0.019



	New (Brand)
	16
	0.013
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Table 9. Results of partnership type.






Table 9. Results of partnership type.





	Item
	Priority
	Importance





	Licensing Deal (Partnership)
	1
	0.118



	Distribution Deal (Partnership)
	2
	0.116



	Contract Manufacturing (Partnership)
	3
	0.071



	M&A (Partnership)
	4
	0.061
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Table 10. Results of targeted geography.






Table 10. Results of targeted geography.





	Item
	Priority
	Importance





	Global (Geography)
	1
	0.217



	Developed (Geography)
	2
	0.089



	Emerging (Geography)
	3
	0.063



	Korea (Geography)
	4
	0.040










[image: Table] 





Table 11. Results of brand.
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	Item
	Priority
	Importance





	MNC (Brand)
	1
	0.043



	Revised (Brand)
	2
	0.040



	Partner (Brand)
	3
	0.025



	New (Brand)
	4
	0.013
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Table 12. Results of investment type.






Table 12. Results of investment type.





	Item
	Priority
	Importance





	Minority Equity (Investment)
	1
	0.032



	Acquisition (Investment)
	2
	0.027



	Non-Investment (Investment)
	3
	0.025



	Early-Stage Investment (Investment)
	4
	0.019
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