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Abstract: 

The development of a new product is a complicated multi-stakeholder process with a significant 
risk of failure. This is particularly true in the medical device sector, where there are strict 
therapeutic, psychological, and normative constraints. This article presents a multi-criteria 
decision making process called “Define, Prioritize, Measure, and Aggregate” (DPMA). DPMA 
is designed to help engineering managers in decision making during the development process 
of new medical devices. The model is based on two sets of criteria linked to business and 
customer satisfaction. These criteria are weighted using the analytic hierarchy process (AHP) 
and group decision making (GDM) process. The performance of a medical device is measured 
according to each criterion. Furthermore, the final score of GO/NO GO alternatives are 
calculated with the simple additive weighting (SAW) method. A case study for the development 
of a new kind of femoral implant is presented to demonstrate the implementation of the DPMA 
process. This study shows that the application of the DPMA process during the design of a 3D 
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printed femoral prosthesis provided engineering managers the key elements and green light to 
go ahead with the development of this medical device. 
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Engineering managers and designers have been searching for tools and methodologies in order 
to optimize the use of resources and increase the effectiveness of both products and processes 
(Santos, 2013). This is particularly true in the health care sector where funding has dropped in 
many developed countries, leading to increasing pressure to reduce health care costs (Correia, 
Carapinheiro, Carvalho, Silva, & Dussault, 2017; Holland, 2017; Yip, Phaal, & Probert, 2014). 
This sector is extremely complex due to regulatory requirements, clinical testing requirements, 
and strong but highly competitive markets (Russell & Tippett, 2008; Salgado, Sanches da Silva, 
Mello, & Samaan, 2017). 

Medical devices, their diversity, and innovation play an essential role to improve the quality 
and effectiveness of healthcare. Such devices encompass a wide range of products from simple 
bandages to the most sophisticated medical diagnostic equipment. However, this diversity and 
the need for innovation make the design and development of medical devices a challenging and 
unique process (Piuzzi et al., 2019). Decision making during the design of such devices is 
multifaceted; in addition to the technological science, such decision making involves ethical 
and economic considerations and input from stakeholders and decision makers from different 
fields (Carter et al., 2017; Floyd, Barker, Rocco, & Whitman, 2017). One critical decision that 
decision makers in the medical device industry must make is determining when they should 
move ahead a product concept from the design phase to the development and production phases 
(Fearis & Craft, 2016). Design phases are usually at the front-end of the development process. 
Although they are highly important phases, the investment and the risks of failure are at their 
lowest levels. On the other hand, the development phases require the most time and investment 
of all stages in the product development process. Therefore, the decision to proceed to 
development is critical (Russell & Tippett, 2008; Salgado et al., 2017).  

Given the peculiarities of medical devices, this article presents the development of a decision-
making process called DPMA (define, prioritize, measure, aggregate). The choice of these steps 
is based on the principles of multi-criteria decision aid (MCDA) methods, which consider 
various stages including stakeholder identification, definition of the decision problem, criteria 
definition, weighting criteria, definition of alternatives, scoring alternatives, and sensitivity 
analysis (Thompson & Friess, 2019). The DPMA process is intended for the upstream phases 
of a medical device development process. During new product development (NPD) processes, 
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engineering managers, designers, and decision makers would like to have tools and methods 
that help them in taking a GO or NO GO decision toward development phases. It may be helpful 
to determine technological strategies and may provide a road-mapping technique to identify 
suitable emerging technologies that need to be developed.  

The layout of this article is as follows: after the literature review, an overview of the 
methodology with the tools and steps of the DPMA process are presented. Then, the 
implementation process is described using the development of a femoral implant as an example. 

LITERATURE REVIEW 
This section contains a literature review dealing with NPD processes that focus on the 
development of medical devices and decision making in the medical device sector. 

New product development 
Typical product design processes, such as the well-known stage-gate system proposed by 
Cooper, acknowledge the importance of decision making during the development process 
(Cooper, 2001). As Exhibit 1 indicates, this model makes a clear distinction between a set of 
five design and development phases or “stages” (scoping, building the business case, 
development, testing and validation, and launching) and decision phases (“gates”).  

Exhibit 1.The Stage-Gate System (Cooper, 2001) 

According to the stage-gate system, Gate 3 (“Go to development”) is the most critical decision 
point because it is the final gate before the development stage. The criteria for a pass are often 
difficult to meet and include critical financial reviews and risk assessments. According to 
Cooper, “the fuzzy front end - ideation, scoping the project, defining the product, and building 
the business case - is perhaps the most critical aspect of the stage-gate system” (Cooper, 2008, 
p. 75). Therefore, the quality of execution of Stage 2 (“Building the business case”) is the 
cornerstone of a successful new product development process (Cooper, Edgett, & 
Kleinschmidt, 2002; Koen et al., 2002).  

The stage-gate system has also the advantage of being a cross-industry model (Schultz, 
Globocnik, Kock, & Salomo, 2018) and is used for product development and innovation 
management (Cooper, 2008). Pietzsch, Shluzas, Paté-Cornell, Yock, and Linehan (2009) 
suggest that the stage-gate system is the predominant development model used in the medical 
device industry. In this sector, health technology management teams need to develop tools that 
can be applied to all phases of the lifecycle of medical devices from the upstream phases of the 
design process to the obsolescence and replacement of the product. Entering the development 
phases should also be supported by a well-established decision making processes and should 
take into consideration the views of different stakeholders (Eberhardt, Johnson, Kirkland, 
Dobbs, & Moradi, 2016; Russell & Tippett, 2008). 
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Decision making in the medical device sector 
Griffin and Page proposed a set of generic criteria to assess a new project using a scorecard 
(Griffin & Page, 1996), which could be the development of any new product. In their research, 
three sets of project success criteria were determined: customer-based success, financial 
success, and technical performance success. However, according to Santos, Gazelle, Rocha, 
and Tavares (2012), these criteria do not take into account the peculiarities of the medical 
device sector such as compliance with legislation and clinical needs. Thus, several tools and 
frameworks must be developed to provide support for engineering managers along the holistic 
process of decision making in the medical device field. Some studies have tried to identify 
critical success factors for the success of NPD processes in the medical device industry; others 
have studied the best practices for innovation and the management of technology. Exhibit 2 
provides an overview of past research in the medical device sector dealing with decision making 
processes and the tools that were developed. 

Exhibit 2. Existing literature on decision making for the development of medical devices 

This summary of the literature review allowed us to identify multiple factors that underlie 
decision making in the medical device industry and to determine the methods and models used. 
Initially it revealed that prioritizing and selecting new medical device concepts is a major issue 
because of the end of life replacement needs. In addition, it highlighted the lack of a holistic 
approach, which can combine the identification of critical success factors, the fulfilment of the 
requirements of different stakeholders, and a mathematical method for the selection of concept 
at the upstream phases of NPD. Moreover, it showed that the integration of user needs and 
requirements through direct user involvement in the design process has been widely addressed 
in the literature and is considered as an important success factor for any design activity in many 
sectors (Griffin & Page, 1996; Karlsen, 2002). Design in health care and particularly in the 
medical device sector is always challenging as it has to take into consideration expert users and 
end-user (the patient) (Gosavi, Cudney, Murray, & Masek, 2016; Hisarciklilar, Rasoulifar, 
Boujut, Thomann, & Villeneuve, 2009). Therefore, any decision aid method in this sector 
should integrate professional requirements and clinical needs. As the medical device sector 
involves human health and safety, users’ needs and the particularities of regulation and high 
competition must be taken into account in the decision making process (Parthasarthy & 
Hammond, 2002; Russell & Tippett, 2008; Salgado et al., 2017). 

Multi-criteria decision aid methods 
A multi-criteria decision aid (MCDA) method is the most appropriate methodology in this 
context. This method offers a set of suitable tools such as the analytic hierarchy process (AHP), 
simple additive weighting method (SAW), weighted product model (WPM), and various other 
methods (Ray & Triantaphyllou, 1998). The AHP was developed by the mathematician Saaty 
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(Saaty, 1980), who used this methodology to evaluate alternatives for a decision-making tool 
based on solid mathematical foundations. Solving a problem using the AHP is common in 
multi-criteria analysis techniques because it allows researchers to model the problem and assess 
its parameters (Cho & Kim, 2003; Golden, Wasil, & Harker, 1989; Saaty, 1980). The AHP is 
based on pairwise comparisons among criteria at each level of the hierarchy, and experts are 
usually consulted to make decisions about the relative importance of each criterion. Although, 
in theory, there is no limit to the number of criteria that can be compared with AHP, Miller 
(1956) argues that it would be better if the number is limited to “seven plus or minus two”, 
which is the limit of the human mind’s capacity to be precise and to assimilate all the available 
information. The AHP is essentially made up of five steps, summarized here (Saaty, 1980): 

1. Decomposition of the problem into a hierarchical structure  
2. Pairwise comparisons (this step is based on answers from experts taken individually)  
3. Prioritization of the criteria 
4. Measurement of consistency, which is conducted to ensure that the pairwise 

comparisons of attributes are performed without any inconsistency of opinions 
(Kumar& Routroy, 2016).  

5. Consistency improvement, which is added, if necessary, in order to improve the 
consistency of judgments  

During the processes of medical device design as in many other sectors, decisions are made in 
groups as opposed to an individual (Ray & Triantaphyllou, 1998). Within this context, 
divergent points of view may appear. Therefore, a consensus indicator is carried out in order to 
evaluate the consensus of the group, which yields an estimate of the level of agreement on the 
calculated criteria weights among participants (del Moral, Chiclana, Tapia, & Herrera-Viedma, 
2018). Then, the weights for the analysis can be obtained from the group decision-making 
(GDM) method. Since there is no relationship between the experts involved in this study and 
they work independently, the aggregation of individual priorities method is the most 
appropriate group decision-making method for this situation (Aull-Hyde, Erdogan, & Duke, 
2006). This choice is dictated by the fact that if the number of experts is small, the geometric 
average is more appropriate than the arithmetic average because the latter mitigates any extreme 
values (Ben Rejeb & Ben Younes, 2018). In other words, “the geometric mean is less affected 
by extreme values than the arithmetic mean” (Aull-Hyde et al., 2006). 

This literature review section demonstrates the peculiarities of the medical device sector in 
terms of product development and decision making processes. The processes in the following 
sections address uncertainties in the decision making steps, primarily when moving from the 
upstream phases to the development phases. In addition, it considers different success factors 
for the evaluation of the prototypes of medical devices.  
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METHODOLOGY 
This article aims to support stakeholders and decision makers in assessing a GO or a NO GO 
decision during the development of new medical devices. With this method, decisions are based 
on various success factors and involve different stakeholders. Thus, a set of evaluation criteria 
must be defined with their relative importance assessed by a weighting system and a method to 
measure them must be established. The final step of the method is a mathematical approach for 
aggregating the performances of new product concepts for the evaluation criteria. This section 
describes the four steps of the proposed DPMA approach. Exhibit 3 provides a graphical 
flowchart of the DPMA process and a summary of the contents of each step. 

Exhibit 3. DPMA process flowchart 

Definition of the criteria: the “D” step 
In this phase of the DPMA method, a set of criteria and success factors must be identified. The 
determination of this set of criteria may be carried out through brainstorming, literature reviews, 
or questionnaires and can be investigated in greater depth with advanced tools, such as the Kano 
model (Ahrens & Hehenberger, 2015). 

The set of criteria is divided into two categories; this division takes into account the importance 
of external and internal stakeholders in the decision making process. Since our approach aims 
to highlight customer involvement in decision making, the first set of criteria is related to 
customer satisfaction; these criteria are intended to ensure that the product meets customer 
needs. The customer in this case refers to any person or entity that buys the medical device 
and/or uses it with patients. For some medical devices, the customer could be a hospital; for 
others, the consumer could be a physician or the patient. The second category represents the 
criteria relating to company satisfaction, and these criteria typically include financial and 
strategic factors. These two sets also include criteria to be applied in decision making by the 
various stakeholders involved in the design process. 

Prioritizing the criteria and GDM: the “P” step 
At the first level of prioritization, we cannot assume that the two categories have equal 
contributions in the decision making process. Therefore, experts should be consulted to decide 
the weight of each criteria category. At a second level, pairwise comparisons are carried out in 
order to prioritize the different criteria within each category. This choice is justified by the fact 
that it is easier and more objective for experts to compare criteria with the same purpose (which 
is either to satisfy the customer or to satisfy the enterprise) than comparing mixed criteria with 
different characteristics and goals. Prioritizing the criteria in each category and the relative 
importance of the two categories provide a set of weights that will be used in MCDA. Individual 
level consistency and group level consensus should be tested in order to ensure that preference 
relations have consistency before the selection process (Wu, Huang, & Xu, 2019). An 
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inconsistency is observed when a decision maker, considered individually, makes a set of 
contradictory pairwise comparisons (Brunelli, 2018). A consensus measures the difference in 
preference relations among an entire group of decision makers (Dong, Zhang, Hong, & Xu, 
2010; Wu et al., 2019). 

Prioritizing the criteria 

The AHP is most appropriate when conducting a needs analysis for multiple stakeholders and 
a comparison of concepts according to the predefined criteria (Cho & Kim, 2003; Golden et al., 
1989). Therefore, the AHP was chosen for this study. With the AHP, a complex decision 
problem is first broken down into a hierarchical structure of factors or elements. Generally, the 
hierarchy has at least three levels: the main goal, the criteria, and the alternatives. In our case, 
the first level is the main goal of the process, which is to support decision makers in GO or NO 
GO decisions during the development of medical devices (see Exhibit 4). The second level is 
the group of criteria according to the satisfaction of the enterprise and customer. The third level 
is composed of the criteria of each group. 

Exhibit 4. The hierarchical tree of criteria 

Application of the GDM method 

This study involved several stakeholders in the decision making process in order to obtain a 
more objective criteria weighting. Each expert consulted provided a weight vector wi for each 
set of criteria. Therefore, the number of vectors equals the number of experts consulted. After 
the consistency tests carried out during AHP, the weighting factors based on the opinions of the 
experts are aggregated into one single value using the geometric average.  

Assuming that all experts have the same importance, the equation of the geometric average is 
calculated as  

𝑔" = $∏ 𝑤"'(
')*

+
, i=1..n     (1) 

where 

- gi is the weight of criterion i; 
- w-

. is the priority assigned by expert k to criterion i;  
- m is the total number of consulted experts whose answers were accepted;  
- n is the number of criteria. 

Then, the result of (1) is standardized using the following equation: 

𝑔"/ = 	
12

∑ 124
5

      (2) 

where	g-/ is the standardized weight of the criterion i. 

Exhibit 5 provides a flowchart for this phase of the DPMA process incorporating the AHP and 
the GDM method. The combination of the AHP and GDM method allows final weights to be 
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assigned to the different criteria of the model. Finally, the criteria can be ranked according to 
their priorities  

Exhibit 5. Prioritizing the criteria and GDM flowchart 

Measurement of the criteria: the “M” step 
This section presents the GO or NO GO decision procedure. First, a score for each decision 
relative to each criterion is calculated. Then, an overall score is determined in order to make 
the final decision with the SAW method.  

First, each criterion is assessed separately, and then the decision rules based on a set of 
indicators are defined. One or many indicators represent each criterion and all the indicators, 
relative to one criterion, have the same weight because they have the same objective and nearly 
the same contribution. Some indicators are easy to measure on a numerical scale while others 
are hard to assess numerically and are therefore evaluated on a three-dimensional qualitative 
scale (high: H, medium: M, low: L). A numerical assessment of these latter indicators would 
require a detailed study and would be dependent on the product already being designed. 

Once the indicators have been evaluated, an overall score for each decision criterion can be 
calculated. Then, we can move on to the aggregation phase below and make the final decision 
using the SAW method. 

Aggregation to decide (GO or NO GO): the “A” step 
The SAW method is the most commonly used technique for decision making, especially in 
single dimensional problems based on several criteria with the same unit of measurement 
(Triantaphyllou & Mann, 1989). This technique allows the aggregation of mono-criterion 
values into a global multi-criteria value (Kunsch & Brans, 2019). As we require an overall 
index, this method is the most appropriate for our case.  

The scores of both decisions, GO or NO GO, are calculated using the following equations:  

     𝐷89 = ∑ 𝑔"/ ∗ 𝑆89"<
")*      (3) 

and 

𝐷=9	89 = ∑ 𝑔"/ ∗ 𝑆=9	89"<
")* 	 	 	 	 (4)	

where  

- SBC- is the score of the GO decision regarding criterion i; 
- SDC	BC-  is the score of the NO GO decision regarding criterion i; 
- g-/ is the standardised weight of the ith criterion; 
- DBC is the score of the overall GO decision; 
- DDC	BC is the score of the overall NO GO decision. 
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Note that both scores are complementary, which means   

     SBC- + SDC	BC- = 1     (5) 

and therefore  

     DDC	BC + DBC = 1     (6) 

The decision is based on the highest score. 

IMPLEMENTATION AND TEST OF THE DPMA PROCESS 
FOR THE DEVELOPMENT OF A FEMORAL IMPLANT 
This section describes the implementation steps of the DPMA process through a case study for 
the development of a femoral implant. 

General overview of the implant design 
The DPMA approach was tested with a real case study of a medical device in order to determine 
if it is simple and possible to gather all the information required by the criteria and therefore 
create a score for the GO and NO GO decisions. In collaboration with a French university, a 
femoral implant was chosen as the medical device in this case study that required a decision of 
whether to proceed from design to development or not. The new implant is an osteosynthetic 
device designed to fix proximal femoral fractures, especially for the elderly. Osteosynthesis is 
a medical technique that has been widely used since the beginning of the twentieth century. 
This technique can be used to repair simple or complex fractures of the proximal femur, which 
is the upper part of the femur including the femoral neck and the femoral head (Wadstein, 
1943). Various tools such as plates, nails, screws, pins, wires, staples, or external fixations are 
used. Osteosynthesis devices are usually developed with close collaboration between 
orthopaedic surgeons and mechanical engineers. Various models exist, and each is adapted to 
one or more types of fracture. These devices require specific tooling, which allows the 
positioning of the implant during the surgical operation. To deal with the different physical 
characteristics of the patients, hospitals must have a wide range of implants, both intra-
medullary (inside the bone) and extra-medullary (outside the bone). This implies the existence 
of a large stock of implants and therefore extra costs for the hospital. The originality of the new 
implant in our case is that it is adaptable to most patient morphologies. For surgeons, this 
implant will lead to greater flexibility during the operations, and will reduce the inventory of 
surgical implants at health institutions. It was designed in a partnership involving two 
laboratories and two companies from France and Switzerland working within the framework 
of a regional cooperation program. The new implant had to meet the following set of objectives 
(Billard, 2014):  

- The implant must compress the two parts of the fractured bone, which results in a faster 
consolidation; 
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- The implant should not prevent the bone from being reconstructed;  
- The implant should be made of biocompatible material such as stainless steel or 

titanium;  
- The implant must be suitable for fractured bones;  
- The operation on the proximal femur must not last more than 57 minutes (Forthomme, 

Costenoble, Soete, & Docquier, 1993);  
- The implantation technique should be minimally invasive, and incisions should be 

limited in size and number. 
Before achieving the optimized implant geometry, several prototypes were made. The inner 
and outer parts of the implant were manufactured using various methods including rapid 
prototyping, metal prototyping, machining, and lost-wax casting. The geometry of the implant 
was treated to remove sharp edges that could pose a risk to the patient and the surgeon. The 
designed implant is both intra- and extra-medullary; it has an intra-medullary section which can 
be stretched and adapted for insertion into the medullary canal of the proximal femur. In 
addition, it has an extra-medullary section substantially parallel to the intra-medullary section. 
An external fixation tool, which comes with the implant, is an essential surgical instrument used 
to help the surgeon to position the implant accurately. This tool can be used to retrieve the 
implant screws and to measure the lengths required for different screws. A prototype of the 
implant was made in two stages by machining and 3D printing. 

The DPMA method was useful for the stakeholders who were involved in making the decision 
whether to develop the implant and launch it onto the market. The following section presents 
the implementation of the DMPA method and how it helped shape the final decision to move 
from the prototype phase to development. 

Definition of the criteria for implementation: “D” step 
Based on a literature review, nine criteria were selected for Level 3 of the AHP hierarchy tree 
(Exhibit 4). Five criteria were related to enterprise satisfaction and four for customer 
satisfaction. The criteria related to enterprise satisfaction in terms of product development are 
related to financial profits and to the strategic view of the company. These criteria used to 
evaluate new products were summarized by Seamon (2004) and are strategic alignment, market 
attractiveness, synergies, technical feasibility, and financial value. The criteria for customer 
satisfaction consider the peculiarities of the medical device sector and were selected from a 
specific list presented for medical devices (Santos, 2013). These customer criteria are 
differentiation, effectiveness, price, and reliability.  

In addition to these nine criteria, five more criteria that are essential in the decision making 
process and strongly related to the nature of medical devices as they have a significant impact 
on human health were included. Among these criteria, which were validated by experts on 
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medical devices, two are related to the company (compliance with legislation, environmental 
impacts and clinical need) and three to the customer (ease of use and maintenance and use 
expenditure). In total, fourteen criteria were selected: seven criteria related to the company and 
seven to the customer. These criteria are defined below starting from the seven company 
criteria, then the seven customer criteria. 

Strategic alignment (SA) 

This criterion is related to the long term view of the company and indicates the extent to which 
the new project (new-product development) fits into the strategic objectives of the organization 
in terms of marketing, targeting, and research and development. One particular factor that is 
widely acknowledged as being responsible for the majority of project failures is the lack of 
project alignment with corporate strategy (Cooper et al., 2002; Griffin & Page, 1996; Tidd & 
Bessant, 2013).  

Market attractiveness (MA) 

This criterion is an appraisal of the market in which the new device will be launched. It assesses 
the market opportunities and the nature of competition that the product will face. This 
assessment must be taken into account when making the decision to develop the product. The 
more attractive a market is, the greater the potential profits will be (Pauwels, Huys, Casteels, 
& Simoens, 2014). 

Synergy (S) 

There has always been a debate between synergy and trade-off perspectives. There is a positive 
relationship between synergistic interactions among new product development capabilities and 
the innovation successes of a company (Jayaram & Narasimhan, 2007). The synergy effect 
describes how the development of the new product leverages the core competency of the 
organization. Thus, the synergy effect is achieved according to Persaud (2005, p. 413) when 
“the company is able to accumulate and deploy new knowledge or recombine existing 
knowledge in order to create new products, processes and technologies, more effectively or 
efficiently through collaboration among its global R&D units.” 

Technical Feasibility (TF) 

This dimension provides an idea about the level of technological barriers and impediments that 
may occur in developing such products, especially in the proof-of-concept phase. Companies 
should seriously take into consideration the technical feasibility in a way that can fulfil all the 
intended purposes for which the product has been designed (Markham, 2002). This dimension 
is particularly important during the transformation of a medical device concept to a final design, 
a task that is often referred to as “crossing the technological valley of death” (Harris, 2013; 
Park, Lee, Doo, & Yoon, 2016; Wessner, 2005).  



12 

 

Financial value (FV) 

This criterion refers to the magnitude of the financial benefits that the enterprise will receive 
by developing a product. It is crucial for an organization to consider the notion of risk vs return 
on investment when making the decision of whether to invest. Financial value is critical in 
making forecasts on the profitability of the project as turning an idea or a new technology into 
a successful product requires investment over a long period (Kang & Montoya, 2014; Park et 
al., 2016).  

Environmental impact (EI) 

The awareness of the environmental impact of the production and the use of medical devices is 
becoming a major concern for many stakeholders (Hede, Nunes, Ferreira, & Rocha, 2013). 
Many policies and pieces of legislation are making the sector more stringent, such as the Waste 
Electrical and Electronic Equipment Directive and the Producer Responsibility Obligations 
(Packaging Waste) Regulations (Cahill, Grimes, & Wilson, 2011; Rotter, Chancerel, & Schill, 
2011). In such competitive environments, cost, quality, and delivery have become criteria that 
manufacturers can no longer rely on to improve their competitive advantage. Environmentally 
sensitive products allow producers to achieve a significant competitive advantage on the market 
(Brook & Pagnanelli, 2014; Mayers, Lifset, Bodenhoefer, & Van Wassenhove, 2013). As a 
result, more and more companies have adopted environmental management systems to organize 
and evaluate the effects of their activities on the environment and meet the growing demand of 
customers and legislation for sustainable products (Marshall, Hinton, Wrobel, & Troisi, 2009). 

Compliance with legislation (CL) 

One of the most significant barriers that medical device manufacturers face is compliance with 
legislation. No medical device is allowed to be introduced into the market unless it receives 
clearance for commercialization. In the United States, the Center for Devices and Radiological 
Health, which is a department of the Food and Drug Administration (FDA), is responsible for 
medical device regulations (Maisel, 2004; Zuckerman, Brown, & Nissen, 2011). Each type of 
device is assigned by the FDA to one of three regulatory classes on the basis of its risk, safety, 
and effectiveness (Kramer, Xu, & Kesselheim, 2012). In Europe, the first European regulatory 
system was launched in 1993. Before 1993, legislation varied from one EU country member to 
another, and each member had its own registration (Fleur, 1997; Niederländer, Wahlster, Kriza, 
& Kolominsky-Rabas, 2013). In addition to the regional regulations, there are also other 
consensus statements, interpretative documents, and standards, which are created by 
organizations like the International Organization for Standardization and which manufacturers, 
suppliers and users must comply with. 
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Differentiation (D) 

This criterion describes the advantages that a product has over the state of the art and if it will 
more effectively meet customer needs than existing similar products (Farhana & Bimenyimana, 
2015; Thrane, Blaabjerg, & Møller, 2010).  

Clinical Need (CN) 

This criterion ensures that a medical device addresses a particular clinical need required by 
customers. In some cases, medical devices are designed according to clinical needs in a 
particular environment; therefore, when transferred to another health care ecosystem, they may 
not match the set of clinical needs in this new environment. This is especially true when medical 
devices are imported (Chaturvedi, Logan, Narayan, & Kuttappa, 2015). 

Effectiveness (E) 

Effectiveness is a qualitative parameter that measures the degree of success of a product concept 
in achieving the goals set by the designers and determines whether it is able to provide the 
medical effect for which it was designed and to respond to clinical needs (Santos, 2013). 

Price (P) 

This criterion simply describes the price that the buyer will pay in order to acquire the medical 
device. Setting the price is one of the most difficult steps in a new-product development process. 
The price of a technology carries a strong message about the value the product provides in terms 
of health outcomes (Markiewicz, van Til, Steuten, & IJzerman, 2016). Price is one of the 
determining factors of the commercial viability of new medical devices; its valuation is usually 
subject to uncertainty during the design phases, which leads to price reconsideration just before 
placing the device onto the market (Girling, Young, Brown, & Lilford, 2010). 

Ease of Use (EoU) 

This criterion reflects the level of complexity faced by the user of a device. In many cases, users 
point out many problems despite manufacturers’ claims concerning the ease of use (Rogers, 
Mykityshyn, Campbell, & Fisk, 2001). A high level of complexity may represent a barrier for 
the user and may require special training to manipulate the product. Therefore, it is a major 
challenge for designers and engineers to develop effective and innovative medical devices that 
are also easy to use for both patients and health professionals. This objective cannot be achieved 
without taking into consideration human factors during medical device design, such as 
psychology and ergonomics (Nemeth, Nunnally, Bitan, Nunnally, & Cook, 2009). 

Reliability (R) 

The increasing complexity of medical devices brings two specific advantages, which primarily 
benefit the patient: improved survival rates in the case of illness or injury and considerable 
improvement in quality of life. However, for economic reasons, these advantages must be 
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highly reliable in order for the devices to be accepted by patients (Gerrish, Herrmann, Tyler, & 
Walsh, 2005; NIST, 2017). “It is a characteristic that must be planned for, designed, and 
manufactured into a device” (Fries, 2013, p. 33). A reliable product does what users want when 
they want to use it. Therefore, reliability refers to availability and non-failure (Burleson, Clark, 
Ransford, & Fu, 2012). 

Cost of Use and Maintenance (CU&M) 

Cost of use and maintenance refer to the value spent to use the device, namely medication, 
energy, and maintenance (Santos, 2013). 

Prioritizing the criteria and application of GDM: “P” step 
After defining the criteria for the assessment of a medical device, these criteria were analyzed 
according to the AHP to determine their relative weights, which is the objective of this 
prioritisation phase. During this phase, the AHP was applied following the hierarchy tree 
presented in Exhibit 4. In order to apply the AHP, a free tool called the BPMSG AHP Priority 
Calculator (available on the web) was used (Goepel, 2013). This tool uses pairwise comparisons 
in order to calculate the different weights based on experts scores according to Saaty’s scale 
(Saaty, 1980), which ranges from 1 to 9. The panel of four international experts, which was 
selected, included: 

• a medical device designer from Switzerland 
• an R&D expert in the field of medical devices from Portugal 
• two professors, one from Tunisia and one from France, both of whom are engineering 

experts in medical device development 
The number of experts involved in this study could be considered as too small to yield 
significant results. However, several similar studies or decision aid methods have yielded 
successful results based on a comparable number of experts, such as the works of Dong et al. 
(2010) and Wu and Xu (2012). In addition, Boje and Murnighan (1982) compared the 
effectiveness of using groups of three, seven, or 11 experts and found no significant differences 
among them, especially when the experts involved are well chosen and are confident in their 
estimates. These two observations are true in our study case. Besides, the AHP pairwise 
comparisons are structured and iterative and have a consistency procedure.   

In addition to the pairwise comparisons, the BPMSG tool was also used to carry out the 
consistency test within AHP and to identify the causes of consistency errors if they occurred. 
The GDM method was then applied using the results of the criteria prioritization based on the 
answers of the experts in order to have a unique set of weights.  
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Prioritisation of the criteria categories 

The results of the questionnaire regarding Level 1 of the hierarchy (the weights of the criteria 
categories) are given in Exhibit 6. 

Exhibit 6. Prioritizing the criteria categories 

The consensus indicator was calculated as 97.4%, indicating there was significant agreement 
among the four experts concerning the relative importance of the enterprise and customer 
satisfaction criteria. Then, the GDM method with geometric average was applied as described 
previously in order to combine the scores of the four experts into one unique score. Exhibit 7 
describes the new weights assigned to the two categories of criteria after GDM. 

Exhibit 7. Prioritizing the criteria categories after GDM 

According to the four experts, enterprise satisfaction remains the main goal of decision makers 
(72.5%), although the contribution of customer satisfaction remains significant (27.5%). These 
weights assigned to each criterion will be crucial in any decision making since they directly 
determine the composite weight of each criterion.  

As for the second level of prioritization, which is the level that concerns criteria within the same 
category, the AHP is applied as in the first level.  

Prioritising enterprise satisfaction criteria 

The pairwise comparisons among the seven criteria that make up the enterprise satisfaction 
category are given in Exhibit 8. 

Exhibit 8. Prioritizing enterprise satisfaction criteria 

The results of some experts had inconsistent weights because of some contradictory pairwise 
comparisons. To remediate these inconsistencies, an algorithm for consistency improvement 
was applied using the AHP Priority Calculator (Goepel, 2013). The numbers in Exhibit 8 are 
given after the correction of all inconsistency issues.  

Although the weights assigned to the criteria differ from one expert to another, all the experts 
divided the set of enterprise satisfaction criteria into two subsets that can be classified by order 
of importance:  

- The main group is composed of three criteria: compliance with legislation, financial 
value, and technical feasibility. They represent the main goals of a company regardless 
of the type of product to be commercialized. We can say that a company seeks to 
maximize its profits by commercializing a product that is technically feasible and 
cleared to be launched on the market. 

- The secondary group is composed of the remaining four criteria: Strategic alignment, 
Market attractiveness, Synergy, and Environmental impact. They can be considered as 
managerial and organizational criteria. They also represent the criteria that make the 
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difference between one company and another, since they are overlooked by some 
companies and highlighted by others. 

The GDM method was applied in order to yield one set of criteria weights using the geometric 
mean. Exhibit 9 presents the GDM method relative to the enterprise satisfaction criteria. 

Exhibit 9. Group decision making relative to the enterprise satisfaction criteria 

Prioritising customer satisfaction criteria 

The second set of criteria was treated similarly to the first one passing through primary 
prioritisation via the AHP. Exhibit 10 presents the primary prioritization for the customer 
satisfaction criteria after correcting all inconsistency issues. 

Exhibit 10. Prioritizing customer satisfaction criteria 

According to the experts, customers are more worried about the effective reasons that push 
them to buy medical devices. Indeed, if there is no clinical need, there will be no reason to buy 
the medical device. Once there is a need, effectiveness and reliability are required. After these 
three main criteria, the four other criteria are secondary; they can be classified as innovative 
(differentiation and ease of use) and economic (price, cost of use, and maintenance). 

It is interesting to question why customers are only mildly concerned about the economic 
criteria, especially the price. This lack of concern may be justified by the fact that the medical 
device sector involves human health; therefore, customers worry more about health than the 
amount of money that they will spend to benefit from the device. Another reason the economic 
criterion is considered secondary is that costs incurred by patients are usually reimbursed by 
national social security and health insurance organizations. 

Similar to the first set of criteria, the consensus indicator revealed a strong consensus (94.1%) 
among the four experts. The results of the customer satisfaction criteria analysis were treated 
by GDM and are presented in Exhibit 11. 

Exhibit 11. Group decision making relative to customer satisfaction criteria 

According to the GDM results, clinical need is a key criterion. It has the greatest weight 
(0.3512) and describes the actual reason for the product. There is a gap between this weight and 
those of the next two most important criteria, which are reliability (0.1977) and effectiveness 
(0.1938). The remaining criteria are close to each other in terms of importance but of a lesser 
importance for the customer. 

Combination of criteria (final prioritization) 

In this section, the two sets of criteria (enterprise satisfaction and customer satisfaction) are 
combined into one vector taking into account the relative weight of each criterion from its group 
and the weight of each single set. Therefore, we obtain 

 𝑔"/ = 𝑔(/ ∙ 𝑔(</ ; 								m = 1. .2; 		n = 1. .7;  i = 1..14   (7) 



17 

 

where   

- i is the index of the total number of considered criteria. In this case, 14 criteria as 
considered (seven criteria for enterprise satisfaction and seven for customer 
satisfaction); 

- g-/ is the standardized weight of the criterion i in the decision-making process. 
- gO/  is the standardized weight of the set of criteria; they are given in Exhibit 7 and are 

0.725 for the enterprise satisfaction set of criteria and 0.275 for the customer 
satisfaction set of criteria. 

- gPO′  is the standardized weight of the criterion n in its corresponding set of criteria m, 
according to Exhibit 9 and Exhibit 11. 

Exhibit 12 provides the results of the calculations. 

Exhibit 12. Combination of the criteria 

After combining all criteria into one vector, despite the significant gap in terms of importance 
between the two sets of criteria (weights of 0.725 for the enterprise set and 0.275 for the 
customer set), some of the criteria in the enterprise category were ranked lower than some 
criteria in the customer category. Although most of the enterprise criteria were ranked highest, 
clinical need and reliability were ranked 4th and 7th, respectively, before market attractiveness 
and strategic alignment. 

After ranking and combining all criteria into one vector, we moved to the next step, criteria 
measurement. 

Measurement of the criteria for the new implant: the “M” step 
This step consists of measuring and assessing the value of each criterion. Several meetings were 
arranged with the same four experts. They were also involved in the design of the implant in 
order to decide on the criteria assessment. For each criterion, one or more measurement 
indicators were identified and had to be measured according to a specific grid. The 
measurements were then used to determine a score according to the GO and NO GO decisions. 
When the criterion needed to be evaluated on the basis of several indicators, the relative weights 
of the indicators were specified to be able to calculate the decision score based on the weighted 
sum. Exhibit 13 provides a summary of the different criteria and the means to evaluate them. 

Exhibit 13. Summary of the criteria measurements 

Strategic alignment (SA) 

According to the experts, the development of the new implant would fit in entirely or in part 
with the central goal of the strategy deployed by such companies operating in the field of 
surgical equipment. They considered it as a promising device in terms of market share and 
profits. It will target the same customers as other implant users as it addresses the same needs. 
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Therefore, the degree of alignment of the implant is high. The GO decision will have a score of 
1 and NO GO decision will have a score of 0. 

Market attractiveness (MA) 

The three different indicators for this criterion, market size, market growth, and market 
competition, have to be evaluated. In their study of the long-term market trends for orthopaedic 
medical device based on worldwide sales from 1999 to 2015, Piuzzi et al. (2019) estimated the 
total orthopaedic device worldwide market to be $45 billion in 2015. The experts considered 
this as a medium-sized market with a moderately competitive environment. According to the 
same study, the market has grown over the entire period between 1999 and 2015 but has 
experienced a decreasing rate since 2008, which is a sign of a mature industry (Piuzzi et al., 
2019). Therefore, the market is considered to have a moderate growth rate. Based on these 
evaluations, the market attractiveness is considered as medium, which yields a score of 0.5 for 
the GO and NO GO decisions. 

Synergy (S) 

Two indicators were defined to measure this criterion: marketing synergy and technological 
synergy. The marketing synergy indicator refers to companies that develop the implant, or any 
other medical device, and who may well keep the same level of synergy for their marketing 
policy since they will still be able to deal with the same providers and promote this and other 
new products. According to the experts, the technological synergy indicator highlights 
companies operating in the surgical tools sector that are able to develop the new implant with 
the existing machines and workforce, although they may require some new equipment, 
especially for the external fixation tool that must be provided with the implant in this case. 
Based on these factors and according to the rules of assessment, the evaluation will be high for 
the marketing synergy score and low for the technological synergy score. Therefore, the scores 
for the synergy criterion will be 0.75 for GO decision and 0.25 for NO GO. 

Technical feasibility (TF) 

This criterion describes the level of technological complexity that an enterprise has to overcome 
in terms of technological gap and technical uncertainty. According to the team that developed 
the implant prototype, most components could be manufactured with the usual production 
machines and techniques (milling, moulding, casting, polishing, and surface treatment), even 
though the cephalic screw (whose length can be adjusted to make the implant more adaptable) 
requires a high precision internal thread. This barrier can be overcome by advanced micro 
milling techniques. Because of these factors, the technical complexity was assessed as low and 
the score of the technical feasibility criterion is 1 for the GO decision. 
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Financial value (FV) 

To measure the financial returns from developing a new product, the net present value (NPV) 
has to be calculated. It is a discounted cash flow technique, and it can be used as a capital 
expenditure appraisal method. The NPV can be calculated using the following formula: 

   NPV = ∑ (TUPUV-WXYZ[\XWXY)
(*]^)Y

P
W)\                    (8) 

where 

- Benefitst refers to the sales at time period t; 
- Costt refers to the sales and marketing costs at time period t; 
- r is the discount rate; 
- t is the year; 
- n is the analytic horizon (in terms of years). 

Based on the comparison with a similar competing implant and following the evaluation from 
the experts, the NPV was estimated to be €1,385.58; therefore, the score assigned to the GO 
decision relative to the financial value criterion is 1. 

Environmental impact (EI) 

SimaPro software was used to calculate the eco-score that summarizes the effect on ecosystem 
quality, radiation, toxicity, and human health. The eco-score ranges from 0 to 50. The higher 
the score, the lower is the environmental impact of the product. The software requires 
information regarding the composition of the product (low alloyed stainless steel with titanium, 
chrome, and some traces of aluminium) and other data on its lifecycle (estimated use to be 20 
years). The eco-score given by SimaPro is 17.8. Therefore, the score of the GO decision 
regarding the environmental impact factor is 0.5. 

Compliance with legislation (CL) 

Devices must comply with all legislation related to the surgical sector. The new implant was 
designed in compliance with the “Standard Specification for Femoral Prostheses-Metallic 
Implants, ASTM F2068-09”. While waiting for the premarket tests and final clearance, devices 
undergo compliance with the regulations (CL=1). Therefore, the score of GO decision 
regarding the compliance with legislation criterion is 1. 

Differentiation  

The new implant is considered by the experts as highly differentiated compared to the 
competition. It presents some unique features including an adjustable cephalic screw that makes 
it adaptable and multi-purpose, intra- and extra-medullary applicability, and minimal 
invasiveness. Due to these factors, the score for the GO decision based on differentiation is 1. 
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Clinical need (CN) 

The experts estimated that there is a need for a multipurpose implant for proximal femoral 
fractures; therefore, there is a definite need by health care providers. They expressed this need 
very clearly at the beginning of the project. Therefore, the assessment of the GO decision for 
this criterion is 1. 

Effectiveness (E) 

According to the experts, the primary tests have indicated that the implant responds to the 
clinical needs and all intended purposes such as adaptability and operation times (under 57 
minutes). Therefore, the degree of assessment is considered to be high, leading to a score of 1 
for the GO decision. 

Price (P) 

The willingness to pay (WTP) of a customer is a relevant indicator that was used to evaluate 
the price. At this stage, it was difficult to estimate the real price of the device. Nevertheless, the 
experts were able to estimate a price. Concerning the WTP, the evaluation was based on a 
comparison with a competing product with similar functions and close sales volumes. The price 
turned out to be greater than the WTP. Therefore, the assessment for this criterion is 0 for the 
GO decision. 

Ease of use (EoU) 

This criterion was assessed with the complexity variable. An external fixation tool makes the 
use of the implant simple. In addition, there are no significant differences between this implant 
and others in terms of use and handling. Therefore, the complexity criterion was considered as 
medium, which yields a score of 0.5 for the GO decision. 

Reliability (R) 

The reliability limit set by the engineers in compliance with regulations in the surgical tools 
sector is 99.5% (Billard, 2014). After numerical simulations and mechanical tests on femoral 
bones, the implant and especially its materials were considered very reliable in terms of the 
regulations, and hence its reliability exceeds the threshold. Therefore, the evaluation of this 
criterion received a score of 1 for the GO decision. 

Cost of Use & Maintenance (CU&M) 

In order to assess this criterion, the cost of annual maintenance and use (CAMU) estimated by 
engineering managers and the maintenance and use expenditure limit (MUEL) are used, which 
refers to the value of expenditure that can be accepted by a customer. The indicator used to 
assess the cost of use and maintenance is the ratio MUEL/CAMU ratio. According to the 
experts, health care providers can accept, at most, a MUEL equal to 35% of the purchase price. 
It is possible to calculate MUEL value by considering the price that was previously determined. 
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Furthermore, given implant was designed to have a high reliability ratio, the risk of failure is 
small. Concerning the cost of use, like most implants, it is autonomous once implanted, so it 
does not require any further intervention after the initial surgery. Subsequently, the experts 
indicated that the CAMU is small compared to the MUEL. Hence, the ratio MUEL/CAMU is 
expected to be greater than 1. The assessment for the cost of use and maintenance will be at 
least at the medium level, and the score for the GO decision will be equal to 0.5. 

Aggregation to decide: “A” step 
Once all the scores of both the GO and NO GO decisions for each criterion were decided upon, 
the last step of the DPMA method was carried out. Each score was aggregated into one score, 
which led to a GO or NO GO decision. As described in the methodology section, the SAW 
method was used to aggregate all the criteria into one score for each decision (GO and NO GO). 
Exhibit 14 provides the weights for each criterion and their corresponding scores regarding the 
new implant evaluation. This information was then used to calculate the final scores of the GO 
and NO GO decisions, DBC	and DBC, by using the SAW method. 

Exhibit 14. Table of aggregation and final decision  

According to this result, the GO decision score is significantly higher than the NO GO decision 
score. Product development managers have a clear idea about the chances of success of the new 
femoral implant; they can choose to move forward to the development phases. Their decision 
is based on the relative weights of the decision criteria (both according to the company and 
customer perspectives) and the evaluation of the performance of the new implant according to 
these criteria. 

Using Equation 3, the GO score was calculated using the simple additive weighting. What could 
be the impact of the variation of the parameters of the model on the final GO score? A sensitivity 
analysis measures the impact of input uncertainty on the decision model output (Wu, Wang, 
Wang, Zhao, & Zhang, 2019). The score of the decision depends on the evaluations of the 
performance of the implant and the weights of the criteria. These weights are themselves a 
combination of the relative weight of each criterion among the enterprise and customer sets and 
the weight of each single set. Exhibit 15 analyzes the sensitivity regarding to the weights of the 
set of criteria.  

Exhibit 15. Sensitivity to the variation of weights of the enterprise and customer sets 

Several scenarios with different weights were tested which indicates that these variations have 
little impact on the final result. Therefore, the uncertainty on the final decision comes from the 
uncertainty of the weights of the criteria or the evaluation of the product performance on the 
criteria. 



22 

 

IMPLICATIONS FOR ENGINEERING MANAGERS 
The DPMA process can be used in the context of decision making for medical device 
development since the first step has defined the evaluation criteria specifically for this kind of 
product. The second stage of prioritization and weighting of the criteria is also valid for this 
context. However, the last two steps of measurement and aggregation strongly depend on the 
type of medical device concept being tested. Testing the DPMA process on a real case study is 
important because it provides more robustness, presents the difficulties that may occur while 
carrying out the method, and opens opportunities for improvements. Nevertheless, this method 
can be criticized particularly when dealing with the “threshold effect,” which occurs when the 
scores of the GO and NO GO decisions are close (for example, a GO score of 0.51 and a NO 
GO score of 0.49). In this case, decision-makers should not rely on the DPMA process alone; 
nevertheless, they would probably have a clear view of the reasons behind these close scores.  

The DPMA method, which is a multi-criteria decision aid method for the design of a new 
medical device, highlights the difficulty for engineers and development managers in making a 
decision at a critical moment during the design process. In this study, many stakeholders from 
multiple countries and from various backgrounds (researchers, consultants, and engineers) were 
involved and underscores the importance of involving experts and practitioners. The DPMA 
approach is able to offer them a convenient tool, which directs engineering managers and 
product designers to the key factors that affect GO and NO GO decisions and highlight trade-
offs, risks, and uncertainties. It can provide engineering managers with the information they 
need to map a technological strategy by proposing a holistic approach of product development 
and taking into consideration technological, business, financial, and marketing criteria. This 
research provides practical knowledge to the management of designs applied in the medical 
device sector. In this article, we highlight the fact that the literature dealing with the 
development of new medical devices is scarce, especially when it involves decision making in 
the upstream phase of NPD. Our work proposes a process that can support both practitioners 
and decision makers in delivering successful products and services. The method can also be 
used by engineering managers for decision making in the context of other products. However, 
it would be necessary to review not only the number and the definitions of the criteria defined 
in the first steps of the method but also the means to evaluate the product concept performance 
based on these criteria. 

CONCLUSION 
This article provides engineering and product development managers as well as other decision 
makers with a method to help in the process of selection and assessment of new product 
concepts and prototypes. This quantitative method supports the decision making process in the 
upstream phase of new product development processes specifically for the medical device 
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industry. This study tackles important issues facing every designer and engineering manager 
during the new product development processes, particularly the question of when and on what 
basis the “GO or NO GO to development” decision should be taken. The method, called the 
DPMA approach, was based on several multi-criteria techniques, namely the AHP, GDM, and 
SAW approach, and subject matter experts from the medical device sector were involved in this 
research. The DPMA approach was designed to be versatile and applicable to all medical 
devices because of the set of criteria selected at the beginning of this research; these criteria 
incorporate different aspects of the sector (economy, regulatory framework, innovation, and 
ergonomics). A set of performance criteria was defined and validated by experts and take into 
consideration the definition of success according to medical device manufacturers and 
customers. The AHP method was applied to obtain relative weights of the criteria and the SAW 
to obtain an overall score for the GO and NO GO decision. The approach was then used and 
tested on the development of a femoral implant with the collaboration of international partners 
from academic and industry backgrounds. 

The case study for the development of the femoral implant revealed that DPMA was useful 
because it provided designers and product development managers with key elements needed to 
make decisions. It also demonstrated that further improvements could be made. In future 
research, we will explore the idea of developing a fuzzy DPMA approach that will be based on 
fuzzy multi-criteria decision-making methods, especially in the prioritization phase. Unlike 
Boolean logic (1 or 0), fuzzy logic can be used to give measures ranging between completely 
true and completely false. Instead of measuring each performance criterion on a three-level grid 
(low, medium, and high), a fuzzy measure could be made based on the probability of 
achievement. This fuzzy modelling will take into account the uncertainty of the situation and 
may mitigate the subjectivity of the opinions of the experts. Moreover, the decision was easy 
to make during the case study example because of the noticeable difference in GO and NO GO 
scores. However, what if there were very close scores between the two decision points? Our 
method is a decision aid tool and can never replace decision makers. Decision makers may have 
information, a vision, or simply intuition to decide upon a decision when the tool does not guide 
them to a clear choice. Finally, it would be interesting to test the limits and strengths of the 
DMPA process and evaluate its degree of robustness when it is applied to another medical 
device or any other product from another industry. 
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EXHIBITS 
Exhibit 1. The Stage-Gate System model (Cooper, 2001) 

 
Exhibit 2. Existing literature on decision making for the development of medical devices 

Reference Objective Method used/developed 

(Santos et al., 2012b) Medical device classification Literature and regulation 
review 

(Russell & Tippett, 
2008) 

Identification of critical success 
factors 

Literature review 

(Salgado et al., 2017) Identification of critical success 
factors 

Survey and descriptive 
statistics 

(Santos, Gazelle, Rocha, 
& Tavares, 2012a) 

Support for engineering managers 
along the development process 

Business Process Model and 
Notation (BMPN) 

(Fennigkoh, 1992) Replacement of medical devices at 
end of life 

Quantitative models 

(Taylor & Jackson, 
2005) 

Replacement of medical devices at 
end of life 

Quantitative models 

(Ouda, Mohamed, & 
Saleh, 2010) 

Replacement of medical devices at 
end of life 

Quantitative models 

(Mummolo et al., 2007) Replacement of medical devices at 
end of life 

Fuzzy approaches  

(Chang, 2005) Replacement of medical devices at 
end of life 

Fuzzy approaches  

(Christer & Scarf, 1994) Replacement of medical devices at 
end of life 

Robust optimization model 

(Cho & Kim, 2003), Prioritise medical devices during 
development 

Analytic Hierarchy Process 
(AHP) 

(S. Kumar & Bisson, 
2008) 

Prioritise medical devices during 
supply chain 

Analytic Hierarchy Process 
(AHP) 

(Ivlev, Vacek, & 
Kneppo, 2015) 

Prioritise medical devices during 
supply chain 

Analytic Hierarchy Process 
(AHP) 

(Ivlev et al., 2015) Prioritise medical devices in 
technology management 

Analytic Hierarchy Process 
(AHP) 

(Taghipour, Banjevic, & 
Jardine, 2011) 

Prioritise medical devices in 
technology management 

Analytic Hierarchy Process 
(AHP) 

 

Idea screen 

Scoping 

Second 
screen 

Build Business 
Case 

Go to 
development Go to testing 

Testing and 
validation Development 

Go to launch 

Launch 

GATE 1 GATE 2 GATE 3 GATE 4 GATE 5 

 
STAGE 1 

 
STAGE 2 

 
STAGE 4 

 
STAGE 5 

 
STAGE 3 
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Exhibit 3. DPMA process flowchart 

 
 

Exhibit 4. The hierarchical tree of criteria 
 

 

  

Customer	
satisfaction	

Enterprise	
satisfaction	

Aided	decision	
making	

Prioritize 
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Exhibit 5. Prioritizing the criteria and GDM flowchart 

 

 

Exhibit 6. Prioritizing the criteria categories 

Criteria Expert 1 Expert 2 Expert 3 Expert 4 
Enterprise satisfaction 0.750 0.667 0.800 0.667 
Customer satisfaction 0.250 0.333 0.200 0.333 

 

Exhibit 7. Prioritizing the criteria categories after GDM 

Criteria Average weight 
Standardized 

weight 
Rank 

Enterprise satisfaction 0.718 0.725 1 
Customer satisfaction 0.272 0.275 2 

 

Exhibit 8. Prioritizing enterprise satisfaction criteria 

Criteria Expert 1 Expert 2 Expert 3 Expert 4 
Strategic alignment 0.053 0.067 0.036 0.030 
Market attractiveness 0.084 0.070 0.095 0.040 
Synergy 0.131 0.081 0.087 0.059 
Technical feasibility 0.136 0.137 0.119 0.147 
Financial value 0.202 0.308 0.168 0.236 
Environmental impact 0.038 0.084 0.030 0.038 
Compliance with legislation 0.357 0.252 0.462 0.447 
Ratio of consistency (RC) 0.075 0.074 0.075 0.074 
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Exhibit 9. Group decision making relative to the enterprise satisfaction criteria 

Criteria Average weight Standardized weight Rank 
Strategic alignment 0.0443 0.0457 7 
Market attractiveness 0.0688 0.0710 5 
Synergy 0.0859 0.0887 4 
Technical feasibility 0.1344 0.1387 3 
Financial value 0.2229 0.2300 2 
Environmental impact 0.0437 0.0451 6 
Compliance with legislation 0.3692 0.3810 1 

 

Exhibit 10. Prioritizing customer satisfaction criteria 

Criteria Expert 1 Expert 2 Expert 3 Expert 4 
Differentiation 0.073 0.097 0.085 0.091 
Clinical need 0.321 0.294 0.427 0.341 
Effectiveness 0.269 0.181 0.147 0.178 
Price 0.071 0.067 0.035 0.024 
Ease of use 0.028 0.042 0.076 0.031 
Reliability 0.192 0.203 0.139 0.255 
Cost of use & maintenance 0.047 0.116 0.092 0.079 
Ratio of consistency (RC) 0.086 0.054 0.082 0.076 

 

Exhibit 11. Group decision making relative to customer satisfaction criteria 

Criteria Average weight Standardized weight Rank 

Differentiation 0.0860 0.0882 4 
Clinical need 0.3424 0.3512 1 
Effectiveness 0.1889 0.1938 3 
Price 0.0447 0.0459 6 
Ease of use 0.0408 0.0418 7 
Reliability 0.1928 0.1977 2 
Cost of use and maintenance 0.0793 0.0814 5 
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Exhibit 12. Combination of the criteria 

Criteria 𝑔"′  𝑔"#′  g%& Rank 
Enterprise satisfaction criteria 
Strategic alignment (SA) 0.725 0.0456 0.0331 9 
Market attractiveness (MA) 0.725 0.0710 0.0514 8 
Synergy (S) 0.725 0.0887 0.0643 5 
Technical feasibility (TF) 0.725 0.1387 0.1005 3 
Financial value (FV) 0.725 0.2300 0.1667 2 
Environmental Impact (EI) 0.725 0.0451 0.0327 10 
Compliance with legislation (CL) 0.725 0.38210 0.2762 1 
Customer satisfaction criteria 
Differentiation (D) 0.275 0.0882 0.0243 11 
Clinical need (CN) 0.275 0.3512 0.0966 4 
Effectiveness (E) 0.275 0.1938 0.0533 7 
Price (P) 0.275 0.0459 0.0126 13 
Ease of use (EoU) 0.275 0.0418 0.0115 14 
Reliability (R) 0.275 0.1977 0.0544 6 
Cost of use & maintenance (CU&M) 0.275 0.0814 0.0224 12 
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Exhibit 13. Summary of the criteria measurements 

Criterion Indicator Assessment GO 
Score 

NO GO 
Score Weight Criterion 

Calculation 

Strategic Alignment (SA) DA (Degree of 
Alignment) 

High 1 0 
1 Sum Medium 0.5 0.5 

Low 0 1 

Market Attractiveness 
(MA) 

MS (Market Size) 
High 1 0 

1/3 

Weighted 
sum 

Medium 0.5 0.5 
Low 0 1 

MG (Market 
Growth) 

High 1 0 
1/3 Medium 0.5 0.5 

Low 0 1 

MC (Market 
Competition) 

High 0 1 
1/3 Medium 0.5 0.5 

Low 1 0 

Synergy (S) 

Marketing Synergy 
(Msy) 

High 1 0 
0.5 

Weighted 
sum 

Medium 0.5 0.5 
Low 0 1 

Technological 
Synergy (Tsy) 

High 1 0 
0.5 Medium 0.5 0.5 

Low 0 1 

Technical Feasibility (TF) TC (Technical 
Complexity) 

High 0 1 
1 Sum Medium 0.5 0.5 

Low 1 0 

Financial value (FV) NPV (Net Present 
Value) 

NPV > 0 1 0 
1 Sum NPV = 0 0.5 0.5 

NPV < 0 0 1 

Environmental Impact 
(EI) ES (Eco-Score) 

ES < 10 0 1 
1 Sum 10< ES ≤ 30 0.5 0.5 

30< ES ≤ 50 1 0 
Compliance with 
Legislation (CL) CL 1 1 0 1 Sum 0 0 1 

Differentiation (D) D High 1 0 1 Sum Medium 0.5 0.5 

Clinical Need (CN) CN 1 1 0 1 Sum 0 0 1 

Effectiveness (E) DE (Degree of 
Effectiveness ) 

High 1 0 
1 Sum Medium 0.5 0.5 

Low 0 1 

Price (P) P and WTP 
(Willingness To Pay) 

P > WTP 0 1 1 Sum P ≤ WTP 1 0 

Ease of Use (EoU) Complexity (Co) 
High 0 1 

1 Sum Medium 0.5 0.5 
Low 1 0 

Reliability (R) 
R and Ref 
(Reliability 
Reference) 

R ≥ Ref 1 0 
1 sum R < Ref 0 1 

Cost of Use & 
Maintenance (CU&M) 

Maintenance and 
Use Expenditure 
Limit / Cost of 

Annual Maintenance 
and Use 
𝑀𝑈𝐸𝐿
𝐶𝐴𝑀𝑈 

𝑀𝑈𝐸𝐿
𝐶𝐴𝑀𝑈 < 1 0 1 

1 Sum 1≤ 0123
4501

< 1.5 0.5 0.5 

1.5 ≤
𝑀𝑈𝐸𝐿
𝐶𝐴𝑀𝑈 1 0 

  

𝑃 ≤ 𝑊𝑇𝑃 
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Exhibit 14. Table of aggregation and final decision 

Performance 
Criteria Weight 𝐒𝐆𝐎𝐢  𝐒𝐍𝐎	𝐆𝐎𝐢  

Strategic alignment 
(SA) 0.0331 1 0 

Market attractiveness 
(MA) 0.0514 0.5 0.5 

Synergy (S) 0.0643 0.75 0.25 

Technical feasibility 
(TF) 0.1005 1 0 

Financial value (FV) 0.1667 1 0 

Environmental 
impact  (EI) 0.0327 0.5 0.5 

Compliance with 
legislation (CL) 0.2762 1 0 

Differentiation (D) 0.0243 1 0 

Clinical need (CN) 0.0966 1 0 

Effectiveness (E) 0.0533 1 0 

Price (P) 0.0126 0 1 

Ease of use (EoU) 0.0115 0.5 0.5 

Reliability (R) 0.0544 1 0 

Cost of use and 
maintenance 
(CU&M)  

0.0224 0.5 0.5 

Decision Score (%) 91.23 8.77 

 𝐃𝐆𝐎 𝐃𝐍𝐎	𝐆𝐎 

 

Exhibit 15. Sensitivity to the variation of weights of the enterprise and customer sets 
 

Base 
scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Enterprise satisfaction 0.725 0.5 0.275 0 1 
Customer satisfaction 0.275 0.5 0.725 1 0 
GO Score (%) 91.23 90.62 90.00 89.25 91.98 
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