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ABSTRACT 
To help develop supply chains for a medical device, this 

study proposed a framework based on literature review and the 

unique characteristics of medical devices. The framework first 

evaluates the structure of the medical device, the suppliers of 

raw materials or components, and the emerging technologies 

and manufacturing processes to be used to build the device. It 

then assesses the quality regulations and standards for the 

device and the manufacturing processes, the location of the 

suppliers, and the operation and maintenance of the device 

along the supply chain. This framework was applied to a case 

where supply chains were developed through Porter’s cluster 

mapping technique for two medical devices: an ultrasound 

machine and a prosthetic ankle. The preliminary results 

suggested that the features of the medical devices influenced the 

choice of their supply chains. In particular, a research-oriented 

device with customized components should have a localized 

supply chain (e.g., within Washington State in this case) while 

the consumer-oriented device with standardized components 

could have a national or even a global supply chain. Future 

research directions are suggested. 

 
Keywords: medical devices, supply chain, design, cluster, 
Washington State, U.S. 

1. INTRODUCTION 
Supply chains for medical devices have a unique and 

complex structure that is governed by many standards and 

regulations and depends heavily on trust (Cheng-Min et al., 

2013). Many healthcare institutions are now assessing 

innovative ideas for optimizing their medical device supply 

chains (Unger and Landis, 2016). Different devices may 

use different types of advanced technologies to enhance 

product functionalities. For example, an ultrasound 
machine may employ electronic technologies while 

prosthetic ankle may rely on traditional machinery 

technologies. What is unique is that all supply chains of 
medical devices need Food and Drug Administration 

(FDA) approval, ISO and clean room certifications. 

The goal of this research is to propose a framework 

for the development of a medical device supply chain 

centered on the Great Seattle area in Washington State - a 

state that is considered as a major medical device cluster in 

the United States. The research explores how the features 

of a medical device impact on the choice of its supply 

chain. While a typical supply chain includes 

manufacturers, parts suppliers, raw material suppliers, and 

distribution channels, the focus of this study will be on the 
supply chain segment that contains manufacturers and the 

suppliers of both the raw materials and the parts. 

The organization of the remaining portions is as 

follows. Section 2 reviews related literature and introduce 

the framework and its components identified from pieces 

of literature or interviews. Section 3 reports a case study 

with supply chains for two typical medical devices (e.g., an 

ultrasound machine and a prosthetic ankle). Section 4 

discusses the case results and suggests future research 

directions.  

2. LITERATURE REVIEW, THE 

FRAMEWORK, AND ITS 

COMPONENTS 
The focuses of the studies related to medical device 

supply chain are diverse and largely on the assessment of the 

supply chain network in general or on the management of 

supply chain activities. In particular, some explored 
analytical models for the profit, location-allocation, or 

environmental and social impacts of business activities of the 
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supply chain or supply chain network. Based on the largest 

manufacturer of medical devices in the middle east region, 

Hasani et al. (2015) proposed an optimization model to 

maximize the after-tax profit of a closed-loop global supply 

chain network (GSCN) for medical devices under budget 

uncertainty. Zarrinpoor et al. (2018) suggested a hierarchical 

location-allocation model address a health service network 

design problem by considering referral structure, demand 

uncertainty, service and geographical accessibility, patients 

in urgency or treatment strategies, service quality levels, and 
risk of unexpected disruptive events. In trying to address the 

concern about environmental and social impacts of business 

activities by offering decision making and planning tools or 

techniques, Pishvaee et al. (2014) examined a multi-

objective possibilistic programming model to design a 

sustainable medical supply chain network under uncertainty 

considering conflicting economic, environmental and social 

objectives. 

Others explored the process control of, the adoption and 

use of information technology for, or the user participation 

in the supply chain activities. Castiaux (2010; 2011) 

emphasized the importance of control of supply chain of 
pharmaceutical and medical device manufacturing, as 

temperature-sensitive products are increasing and they must 

be kept within a specific temperature range during storage 

and transportation. The suggested approach includes 

developing written procedures, validating shipping, 

evaluating transportation and storage locations, monitoring 

temperature during shipping, and training personnel. Kumar 

et al. (2008) examined the impact of packaging design on 

purchasing decisions in hospitals. While the literature 

suggested an association between packaging design and an 

efficient inventory management program, the results from a 
small number of participating community hospitals in the 

USA suggested that the hospitals’ purchasing decisions were 

not related to the packaging design and environment-friendly 

suppliers or medical products. Xie et al. (2016) explored the 

adoption and use of information and communication 

technology (ICT) in managing medical devices in the reverse 

exchange (RE) systems where devices were returned to the 

source for an exchange. They found that the adoption and 

integration of ICT into key operational processes increase 

with the perceived risks and value associated with medical 

devices. Unger and Landis (2016) used life cycle assessment 

(LCA) and life cycle cost assessment (LCCA) to model the 

environmental and economic impacts of medical device 

supply chains when different levels of reprocessed medical 

devices were used at Phoenix Baptist Hospital (PBH) in 

Phoenix, Arizona to alleviate the burden from increasing 

healthcare costs and decreasing insurance reimbursements. 

The results suggested that when reprocessing inputs were 

minimized, employing reprocessing was favorable from both 

global warming and human health perspective. Grocott et al. 

(2007) observed that many medical devices were generated 
in isolation of the clinical users and thus vulnerable to failure 

during service. Therefore, they proposed a model for user 

involvement in medical device design and evaluation during 

product development and purchasing stages. 

However, current literature on the supply chain 

development for medical devices is very limited. The focus 

of this type of research is on the upstream of the supply chain 

including the identification and selection of raw material 

providers and component manufacturers. A general 

framework that may provide guidance for developing supply 

chains of medical devices will be helpful, potentially, in 

reducing costs, promoting regulation compliance, using 
information technologies, or involving in end-users of the 

devices. Figure 1 presents a typical supply chain and the 

development framework for medical devices. The 

components are presented underneath the supply and the 

shading of each component indicates the scope to which the 

suggested component could be applied. 

The first component is the medical devices and their bill 

of materials (BOM). The BOM of each device helps 

determine its components, sub-components, and the basic 

elements/parts. Once the BOM is developed, the raw 

materials of each part have to be determined, and the 
manufacturing process for each part and the assembly 

process of sub-components and components have to be 

designed. The second is the identification and selection of 

the suppliers of components, sub-components, and raw 

materials. The third is the quality regulations and standards 

for medical devices and their suppliers. The fourth 

component is the consideration of the emerging technologies 

that may be embedded in the devices or used to manufacture 

the devices. The fifth is the distribution and global markets 

of medical devices. The sixth is the maintenance, repair, and 

operations of medical device supply chains.  

Figure 1 A framework for developing medical devices supply chain

Suppliers Manufacturers 
Distributors or 

Retailers 
Customers 

A Typical Supply Chain 

1. Developing Bill of Materials 

2. Selecting Suppliers 

3. Developing Quality Regulations and Standards 

4. Including Emerging Technologies 

5. Establishing Distributions and Global Network 

6. Considering Supply Chain Maintenance, Repair, and Operations (MRO) 
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2.1 The Medical Devices and Their Bill of 

Material 
Before manufacturers look for suppliers and start the 

selection process, they need to have a more in-depth 

understanding of the device first. From the structure’s 

perspective, manufacturers need to develop the bill of 

materials (BOM) for each device to be manufactured. 

A BOM is a list of the components, sub-components, 

parts, raw materials, and the quantities of each needed to 

manufacture a device (Reid and Sanders, 2002). It is 

essentially “the skeleton for planning and scheduling 

almost all products” (Mather, 1986). The BOM elaborates 
the structural details of the device. These details provide a 

basis for identifying potential suppliers, designing the 

manufacturing process, and selecting raw materials and 

channels of transportation of each piece. They also help 

communication among different departments within a 

manufacturer or across manufacturing partners. Wells et al. 

(2011) suggest that when technological items are first 

introduced to the supply chain, they are expensive, but as 

the items become more readily available they become more 

cost-efficient. The BOM will help identify how many 

pieces are not readily available on the market and need to 

be developed or customized. If a piece is new or needs to 
be developed with new technology, the cost of 

manufacturing this piece will be more expensive, leading 

to a higher price of the device. 

 

2.2 Supplier Identification and Selection 
When manufacturers identify and select suppliers, the 

risk that the supplier fails to deliver critical parts is a major 

concern. While a backup facility could be built for the 

critical parts to address the risk (Ratick et al., 2008), cost 

incurs. The newer the technology is used to build the parts, 

the higher the risk and the cost are to maintain the backup 

facility. When a part is well established on the market, its 

risk and its cost are much lower (Ratick et al., 2008). Liao 

et al. (2014) present a model to determine if the risk of a 

critical part is large enough to justify the cost of having a 

back-up supplying facility. 

Formby and Malhotra (2016) state that the risk of 

supply disruptions has increased significantly due to 
widely dispersed global supply chains. Ali and Nakade 

(2015) proposed an analytical framework of a multi-

commodity multi-stage supply chain considering 

disruptions risk at the distribution centers (DCs) and 

suppliers. They concluded that managing disruptions risk 

has become one of the most important concerns in the 

global marketplace. Wang et al. (2006) developed a 

measurement model as guidance for managing supply 

chain uncertainty and risk. 

The device manufacturers or the OEMs (Original 

Equipment Manufacturers) should not be confused with an 
Own Brand Labeler (OBL). The latter refers to a private 

party who contracts with the OEM to sell one device under 

two different names (Emergo Group, 2007). The biggest 

difference between the OEM and the OBL is that, 

according to the European Commission (2007), if there are 

issues with a medical device, the OBL is held to the same 

standard as the OEM, and is just as liable to any issues. In 

this context, both OBL and OEM are considered to be the 

same, even if the OBL does not actually manufacture the 

device. In the United States, one of the largest agencies 

involved with OEMs is the Medical Device Manufacturers 

Association (MDMA). The MDMA not only is an advocate 

for technological advancement with medical devices but 

also posts current issues that involve government taxes and 

other groups that may not be benefiting the industry, 

including “the group purchasing organization (GPO)”. 

A GPO is a group that can “realize savings and 

efficiencies by aggregating purchasing volume and using 

that leverage to negotiate discounts with manufacturers, 
distributors and other vendors” (Healthcare Supply Chain 

Association, 2011). Hospitals and other healthcare 

providers are increasingly relying on GPOs to help manage 

the complex system of purchasing and reduce the cost of 

goods and services (Hrehocik, 2010). The GPOs obtain 

large discounts based on the collective buying power of 

their members and then gain a profit by reselling the 

equipment to hospitals and clinics. Hu et al. (2011) suggest 

that many hospitals that contract with GPOs are following 

this practice. The percentage is between 96% and 98% in 

the United States. This practice is not all positive though as 

there are some ethical concerns. A report by the United 
States Government Accountability Office (2010) appears 

to agree that GPOs have collected unusually high 

administrative fees and limited themselves to a single 

supplier. This GPOs’ practice, while possibly beneficial to 

the selected OEMs, may limit their customers’ access to 

innovative technology. The Medical Device 

Manufacturing Association has been pushing for litigation 

that prevents GPOs from receiving kickbacks from 

suppliers through single sourcing, which can dampen 

technological improvements. 

 

2.3 Quality Regulations and Standards 
Quality is an important issue in a supply chain, 

especially for medical devices. While each country has its 

own regulations and standards of quality, several agencies 

around the world monitor regulations in place and the 

policies of medical devices. These agencies include the 

World Health Organization, the International Medical 
Device Forum, and the International Organization for 

Standardization (Lamph, 2012). The World Health 

Organization has medical device regulations for member 

countries (World Health Organization, 2014) including the 

United States that monitor the safety, performance, 

regulations, and standards of medical devices (World 

Health Organization, 2003). The Food and Drug 

Administration’s regulations, ISO 9001:2008, ISO 

13485:2003, good manufacturing practices, and clean 

room standards have been taken into account as the most 

pertinent regulations and standards for medical device 
manufacturers. 

The regulations from the Food and Drug 

Administration (FDA) are key to manufacturing medical 

devices. The classification of the medical device, or 

devices, depends on which regulations would be 

applicable. According to FDA (2013), “manufacturers 

(both domestic and foreign) and initial distributors 

(importers) of medical devices must register their 

establishments with the FDA” and these manufacturers, 

along with most other companies associated with medical 
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device manufacturing, such as distributing and sterilizing 

companies, must also list their medical devices. 

The ISO has several certifications that are available 

for manufacturers and suppliers. The two most related to 

medical devices are ISO 9001:2008 and ISO 13485:2003. 

ISO 9001:2008, titled Quality Management System 

Requirements, focuses on customer requirements, 

standards of quality, and continuously increased customer 

satisfaction. It is a generic standard that most organizations 

and companies can be certified (International Organization 
for Standardization, 2012). This standard differs from ISO 

13485:2003, as it is “to facilitate harmonized medical 

device regulatory requirements for quality management 

systems” (International Organization for Standardization, 

March 5, 2011). Even though the two standards have 

different requirements, and only ISO 9001:2008 can be 

used to get certified, both are useful for suppliers and 

manufacturers to obtain. 

Good Manufacturing Practices are set through the 

FDA while Cleanroom Standards are a ten-part ISO. Good 

Manufacturing Practices, or now known as the Current 

Good Manufacturing process, has had an attached quality 
system regulation (U.S. Food and Drug Administration, 

2011). This regulation, which is created for medical 

devices, is meant to be an overall quality system for all 

manufacturing firms. That includes audits, controls, and 

record keeping. This regulation is very similar to the ISO 

Cleanroom Standard. Despite the fact that the Cleanroom 

Standard does not have an exact definition to itself, it was 

made as a way to regulate the environment in which 

products are manufactured. The ISO site, for ISO 14644, 

had a list of ten parts to the standard, which monitors 

everything from surface particle cleanliness to air particle 
cleanliness. 

These agencies and their regulations and standards 

are the foundation for manufacturing any medical 

equipment. These quality standards and regulations will be 

used to evaluate and select suppliers for parts and 

components. It is critical for suppliers to be held to high 

standards as the quality of their products is vital to a supply 

chain. Without recognizing, understanding, and 

implementing them, the medical device supply chain 

cannot be developed. 

 

2.4 Emerging Technologies 
As technology advances in its applications in 

healthcare so does every aspect of the supply chain for 

medical devices. Technology has been growing at an ever-

increasing rate. For example, Google Glass is being used 

as a tool for surgeons to have patient records or vitals right 

in front of them as they are performing surgery or as a 
training tool for students and for distance learning 

(Glauser, 2013). The Brain Machine Interface (BMI) is 

another area that is being researched as technology 

advances. This technology reads the brain waves and 

allows them to communicate wirelessly with other devices 

(Hirata et al., 2012). This technology will enable severely 

disabled people to have a life that has more freedom and is 

less dependent on caregivers. The third technology of a 

medical equipment supply chain is the micromachining 

that makes medical micromachined parts be smaller yet 

more precise. Micromachining is being relative to each 

OEM has. According to Micro Engineering Solutions 

(2013), some may see it as machining down to the size of 

a micron, while others may just view it as introducing a 

level of precision previously impossible. Shanahan (2014) 

views micromachining as being, “micro in a very literal 

way, or 10-6, in other words, as one-millionth of a meter.” 

Many medical devices require precision-made parts, like 

some medical components, which is why micromachining 

is a necessity (Shanahan, 2014). 

However, the use of these technologies may be highly 
limited since it is subject to the governance of the US 

Health Insurance Portability and Accountability Act 

(HIPPA) or other laws/regulations that do not allow a third 

party to have access into patient information (Glauser, 

2013). Glauser (2013) contends that technology is 

“exponentially leaping forward, at a pace that regulation is 

not keeping up with”. 

When developing a supply chain for a medical device 

with this type of advanced technology, the location of the 

available technology is another consideration. For 

example, in Washington State, only four companies do 

micromachining and three of them are located in the Metro 
Seattle area. Only one specializes in medical parts. Others 

are located between Oregon and California. 

 

2.5 Distribution and Global Markets 
The final part of a medical device supply chain is the 

distribution. Currently, the FDA has one minor regulation 
that monitors the distribution of medical devices. The big 

factor is “that companies must follow when exporting 

medical devices depend on whether or not their devices 

have been approved or cleared by the Food and Drug 

Administration” (U.S. Food and Drug Administration, 

2014). The regulation states that if the device has already 

been cleared to be distributed throughout the United States, 

then it can be exported throughout the world if only 

permitted by the laws and regulations of importing 

countries in regard to medical devices as well. 

Take two categories of medical devices, 

electromedical and surgical appliances and supplies as an 
example. There are six main countries that import these 

types of medical devices. For electromedical, the 

International Trade Administration’s (2009) website (see 

Appendix A) shows that Japan imports the most followed 

by Germany, the Netherlands, Belgium, and Canada. These 

statistics are only up to the year 2008, but the dollar amount 

imported has been increasing every year. As for surgical 

appliances and supplies, the order of the countries is 

changed slightly, with one added and one dropped. The 

Netherlands imports the most followed by Japan, Canada, 

Ireland, and Germany along with the amount imported 
increasing every year (International Trade Administration, 

2009) (see Appendix B). These documents show that the 

need for medical devices will continue to increase over 

time, meaning that a medical supply chain could be 

considered a safe investment for those companies involved. 

While the focus of the information is on exporting, it 

is interesting to note that the United States imports a 

slightly higher dollar amount, just over 4%, than it exports 

of products from both of these categories based on 2008 

data from the International Trade Administration’s (2009) 

website. When analyzing imports, the U.S., as of 2008, 
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imports the largest amount from Ireland in both categories 

(see Appendices C and D). The importing of medical 

devices is also covered by the FDA. According to the 

FDA’s website, “any foreign firm that imports medical 

devices or devices that emit radiation into the United States 

must comply with all applicable U.S. regulation before, 

during, and after importing into the U.S. or its territories.” 

(U.S. Food and Drug Administration, 2014). In addition, 

the initial importer of the device must register with the 

FDA. All importers are also subject to Medical Device 
Reporting (MDR) (U.S. Food and Drug Administration, 

2014). Devices that emit radiation are also subject to 

additional requirements. These requirements can be found 

under the Federal Food, Drug, and Cosmetic Act, 

Subchapter C – Electronic Product Radiation Control (U.S. 

Food and Drug Administration, 2014). These requirements 

include performance standards, labeling, and submission of 

radiation safety product reports. 

 

2.6 Maintenance, Repair, and Operations 
The maintenance, repair, and operations (MRO) of a 

supply chain refer to the maintaining and repairing of any 

device that is mechanical, plumbing, or electrical. 

Calibration is part of this; it is a type of preventative 

maintenance. When you calibrate a device that means you 

are comparing it with a known standard. This device is then 

recalibrated to specifications. Another part of this 

requirement is that the device is labeled. Each device 
should have a unique control number and a calibrated-until 

date on it (ISO, 2014). This is a necessary requirement for 

medical devices. Calibration and labeling are the first two 

requirements and the most important ones (ISO, 2014). 

One proposal to help guide this would be to introduce 

a Medical Devices Maintenance System (MDMS). This 

system, once implemented, would eventually lead to better 

customer satisfaction (Al-Bashir et al., 2012). Maintenance 

systems have a tremendous impact on organizations’ 

ability to meet their objectives. Over the last couple of 

decades, there have been huge improvements in all its areas 

including process, strategy, policy, procedure, and 
technology trying to introduce a high-quality technical 

service for medical devices operators (Al-Bashir et al., 

2012). Since calibration is necessary to remain certified, a 

plan like this would be ideal to implement. 

3. A CASE STUDY OF MEDICAL 

DEVICE SUPPLY CHAIN 
A case is presented to show how the steps or 

components in the framework were applied to the supply 

chain development for two medical devices in the 

Washington State of the USA. The identity information of 

participating companies has been omitted or replaced with an 

acronym due to confidentiality consideration. 

 

3.1 Sample Medical Devices 
Two sections of medical devices were chosen to 

develop their supply chains based on their predicted future 

uses and their products’ complex nature: electromedical 

and electrotherapeutic apparatus manufacturing and 

surgical appliances and supplies manufacturing. According 

to the United States Census Bureau’s NAICS website 

(2014), surgical and medical instrument manufacturing is 

comprised of “manufacturing electromedical and 

electrotherapeutic apparatus, such as magnetic resonance 

imaging equipment, medical ultrasound equipment, 

pacemakers, hearing aids, electrocardiographs, and 

electromedical endoscopic equipment.” Of about one 

hundred products listed under this category, this study has 

a preference towards products of a more complex nature, 

leading to the choice of ultrasonic medical equipment 

manufacturing. Similarly, artificial limbs manufacturing 
was selected from the United States Census Bureau NAICS 

(2014) website for surgical appliance and supplies 

manufacturing. 

Many ultrasound technologies are available with 

different applications, including abdominal imagining to 

scan internal organs, obstetric ultrasound imaging used 

during pregnancy, or even aorta ultrasound imaging to 

check for blood flow and clotting issues in the neck arteries 

(Atlantic Medical Imagining, 2014). Some therapeutic 

ultrasound systems allow for accelerating fractured bone 

repair in very careful doses (Warden et al., 2006). 

Calibration is the biggest problem of the therapeutic 
ultrasound systems as no standard sets of dosage are 

specified for these systems. Robertson (2008) contends that 

having a system that is well calibrated is a must. Robertson 

(2008) further suggests that there is the expectation of 

receiving a machine fully calibrated to the correct 

standards. However, after multiple tests, the study found 

that manufacturers were not calibrating the devices 

properly. This finding reinforces the idea that an OEM 

needs to be manufacturing equipment to the standards and 

regulations of what is expected from the device, which is 

essential for being reliable in a supply chain. 
Unlike ultrasound technologies and systems, artificial 

limbs, known as prosthetics, are developed much earlier. 

According to Thurston (2007), prosthetics have been 

developed not only out of necessity due to the loss of limbs 

but also for a person’s psychological and spiritual 

wellbeing. Schaffalitzky et al. (2011) has conducted a 

focused study on the psychological impact of prosthetic 

limbs. The conclusion tends to be positive through the 

gaining of independence based on the individual and the 

type of prosthetic. 

The military has been very influential towards the 

development of prosthetic limbs arose with the advances in 
technology developed in the two world wars (Thurston, 

2007). In a study conducted by Gailey et al. (2010) who 

worked with Vietnam veterans to analyze lower limb 

prosthetics, it is found that the weight of the prosthetic is 

still a common problem making the limbs too troublesome 

to use and the use to cause users’ pain. This finding 

indicates that the technology still has rooms for 

improvement and that, due to the current stigma associated 

with prosthetic limbs, OEMs need to help develop and 

customize prosthetic limbs, while furthering technologies, 

to improve customer satisfaction. 
 

3.2 Developing BOMs 
In order to develop the supply chains for these two 

devices, both the ultrasound machine and prosthetic ankle 

need to be broken down into components, sub-components, 

and raw materials to create their BOMs. From the 
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literature, the BOMs of these items are found from two 

theses (Zeng, 2009; Cordeiro, 2006). The BOM for the 

prosthetic limb is for an ankle (Zeng, 2009). While both of 

these items are being evaluated in a hypothetical scenario, 

they are real, emerging technologies. The thesis for the 

wearable ultrasound was published in 2007. The wearable 

ultrasound device is different in a way that it does not tether 

a patient to a machine as the typical ultrasound device does. 

The technology behind both the ultrasound and prosthetic 

fields is changing rapidly. The difference between the 
ultrasound machine BOM and the prosthetic ankle BOM is 

that the ultrasound machine is made up of primarily 

electronic sub-components, with very little mechanical 

moving parts while the prosthetic ankle is purely 

mechanical, made of plastics and metals, but with no 

electronic parts. 

To start the research on the ultrasound machine’s 

BOM, an interview was conducted with Company ABC. 

Company ABC is a privately held ultrasound company 

located in a city within Washington State. The company 

provides ultrasounds and other tools that allow them to 

develop new algorithms for products in diagnostic, 
interventional, and therapeutic products.  

Due to the ultrasound BOM being of a wearable 

prototype, additional research has been conducted on the 

external components. This includes the chassis, 

microphone, transducer, keyboard, monitor, and mouse. 

Each of these is from already-developed products. Between 

the researched BOMs and drawings, along with the 

interview with Company ABC, the ultrasound machine has 

an overall materials list of over a hundred items. 

The prototype prosthetic ankle BOM consists of parts 

that have been custom manufactured and those that have 
been bought from suppliers. Three raw materials make up 

the BOM, which includes Acrylonitrile Butadiene Styrene 

(ABS) plastic, aluminum, and steel. In order to develop a 

more comprehensive list of materials, additional research 

was carried out for a complete materials list. The results 

include materials that could possibly be used, such as an 

additional metal, plastic polymer laminates, 

thermoplastics, and other material that does not fall into the 

previously listed categories. 

To assess which processes are necessary for the 

manufacturing of medical devices, an analysis of each 

medical device’s materials is desired. The ultrasound 
machine is plastics and electronic components while the 

prosthetic is mainly plastics and metals. Ultrasound 

machines only have silk-screening, as many of these 

processes are outsourced to overseas. For the prosthetic 

ankle, the manufacturing processes include fabrication, 

milling, and machining of metal. Micromachining is 

included as well, though that is more a specialty and has 

potential uses for smaller prosthetics. Both medical devices 

include plastic injection molding and tooling. To determine 

whether or not it is possible to develop a supply chain 

within Washington State, a list of possible process 
manufacturers is developed both within the State and 

globally. 

Though there are quite a few process manufacturers 

located within Washington State, this does not mean that 

they would work with or work on medical devices. The 

Washington State also contains one of the largest aerospace 

companies in the world, Boeing, and most metal process 

manufacturers as Boeing’s suppliers. Industry 

certifications are different as well, being affiliated with 

aircraft. Manufacturers are spread out throughout the state. 

A major area that Washington appears to be lacking 

companies is in silk-screening and in micromachining. 

Through the additional supplier list with an anonymous 

company, it has been found that there are two silk-

screening companies in Washington. Micromachining is a 

newer field and requires some of the latest technology, 
which is the major reason for the lack of companies. 

 

3.3 Identifying and Selecting Suppliers 
There are many process manufacturing companies 

available globally. Based on the previous research, the 

countries are selected based on whom the U.S. imported 

from the most for both the ultrasound machine NAICS 
category and the prosthetic NAICS category. The top five 

countries are selected from each and then consolidated to 

three countries overall, based on the number of medical 

devices the US imported from them. The countries 

researched are Ireland, Germany, and Japan. Each country 

has a large selection of each of the manufacturing 

processes. 

When deciding on how far to go down the supply 

chain tiers for this project, it has been decided that there 

need to be two different approaches to investigating the 

tiers of the supply chain. For the ultrasound, the focus will 
be on tier 1 suppliers. This is due to the fact that there are 

not as many custom processes involved in creating most of 

the components. For the prosthetic ankle, the research into 

the tiers goes much deeper due to the fact that there are 

many processes involved in making these types of 

products. Instead of focusing on the first supplier tier, the 

research has focused on primarily supplier tier 1 and tier 2, 

though there is some crossover into tier 3. 

The supplier list has been developed only for the 

prosthetic ankle. The ultrasound machine includes mainly 

electronic components, which are not manufactured within 

the United States. For this reason, no supplier list has been 
developed for the ultrasound machine. 

The prosthetic ankle is unique. About half of the 

components are mass produced parts, such as springs. The 

other half of the components is custom made. Therefore, 

the suppliers for both the components and the raw materials 

have to be identified and selected. At the same time, many 

of the mass-produced components are not manufactured 

within Washington State. Of those that are manufactured 

within the state, there is only one or two of each. The lack 

of supplier availability could possibly lead to issues when 

it comes to evaluating suppliers, such as with a supplier 
scorecard. 

The supplier scorecard for medical device companies 

was developed after an interview and tour with two 

companies. The industry ultimately determines what goes 

on the scorecard and the ranking it receives. Through the 

interview process, it was determined that the scorecard 

ranking also depended on whether the device was used 

medically or for research. All things considered, the only 

difference was in price. According to an interview with 

Company ABC, the price is at the bottom due to the fact 

that when it comes to funding for research projects, it is 
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much easier for the researchers to get grant money to 

purchase the item than it is to get funding to repair 

something. They have to build something that is going to 

last longer without as much repair or maintenance 

requirement. Being that it is the medical field, either way, 

a medical device is used, quality ranked as the top 

requirement. The main focus of this project was for 

medical purposes. The factors on the scorecard are quality, 

location, price, ISO certifications, and reputation. All 

factors ultimately support quality as being the main ranking 
factor in supplier selection. 

In Washington State, six OEMs have been identified 

to manufacture ultrasounds while only one is identified for 

prosthetics. This information is identified trying to answer 

the question on whether or not Washington State was a 

cluster. While this may not be an exhaustive list, it is 

representative of the ratio. There is essentially a 6 to 1 ratio 

of OEMs. Harvard Business School, under the direction of 

Michael Porter, has started a cluster mapping project that 

shows cluster mapping by region using the county business 

patterns (CBP) from the government census website. 

According to this research (Porter, 2012), Washington 
State is a cluster for electromedical and electrotherapeutic 

apparatus (ultrasounds), but not surgical appliance and 

supplies (prosthetics). 

4. RESULTS, CONCLUSIONS, 

DISCUSSIONS, AND FUTURE 

STUDIES 
This study proposed an initial framework for 

developing medical device supply chains and presented a 

case that used the framework to develop supply chains for 

two medical devices. The result of this study suggests that 

it is impossible to develop a supply chain with all of its 

suppliers or manufacturing companies solely located 

within Washington State. Currently, the state is lacking 

component and raw material manufacturers. The State is 

also not considered a cluster for prosthetic ankles. This 

medical device has only one OEM throughout the entire 

Washington State and a limited number within the United 
States. The possible reasons for this could be due to the 

nature of the device itself. A prosthetic ankle is a custom-

made device. A prosthetic will only be covered by 

insurance once every five years by most insurance 

companies. It is not a cheap medical device either. The 

overall cost, based on the original BOM (Zeng, 2009), is a 

little over seven thousand dollars. These two factors are 

most likely the reason why the prosthetic is not a cluster 

within Washington State. There is hope for the ultrasound 

machine. There are quite a few OEMs located within the 

State, and the ultrasound machine is a cluster zone. With 
further supplier development, the ultrasound machine 

could possibly have its own supply chain within 

Washington State. 

Future studies could validate the framework with 

additional medical devices. The validation could focus on 

the entire supply chain or a segment of the supply chain. 

The results will help either offer insights about the 

applicability of the framework or improve the framework 

to make it more useful in guiding the development of the 

initiatives for medical device supply chains. 
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