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a b s t r a c t 

Medical equipment development requires from manufacturers a clear definition of the processes to the 

core team in order to achieve the user safety. Therefore, considering the lack of a specific product de- 

velopment framework for medical equipment that meets the Brazilian scenario, this work proposes a 

good practices systematization for medical equipment development. It covers the main Brazilian regu- 

lations that impact on development process of these products. Based on the stage-gates process, the 

systematization proposed divides the development process activities into five phases and nine functional 

groups. To each functional group is presented the activities expected to be practiced in each phase, tools 

that could be used, and the regulations that could guide the execution of the activities. The case study 

method was used to validate the systematization. Three companies of medical devices were presented 

to the model and their realities of the development process were compared to the proposed systematic. 

From the results was possible to conclude the potential use of the good practices as a guide for the pro- 

cess development of health equipment. Besides that, the model allows to follow up the regulations that 

should be used and can be used as training material. 

© 2019 Fellowship of Postgraduate Medicine. Published by Elsevier Ltd. All rights reserved. 
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Introduction 

Health products possess specific characteristics when compared

to products from other sectors. In the design process, several cer-

tification steps must be followed to be able to launch a product

in the market. These rigorous regulations aim to ensure the safety

and good performance of health products. 

Despite being an extremely regulated market, failures still oc-

cur in a product development (PD) process, resulting in a product

that does not completely satisfy the intended purpose. Defective

products released in the market can lead to their recall or even

product prohibition, directly affecting the value of the brand and

diminishing the investor confidence [1] . 

The development of a medical equipment (ME), besides having

to satisfy the customer, market, and organizational needs, must

also meet the regulatory requirements, which affect the entire

development process, manufacturing, marketing, and continuous

improvement initiatives [2,3] . 
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In a study, Intertek [1] revealed that 90% of ME do not meet the

egulatory requirements in their first certification attempts. Failure

o comply with these requirements can delay the market entry, in-

rease the costs, and reduce the product profitability as well as put

he brand at risk. Consequently, for these industries, modeling the

D process is a regulatory need. 

Some studies [2–7] address the PD process for health prod-

cts according to the US or European demands. These studies

resent models including good practices, particularly for an ME

evelopment process. 

However, there is a dearth of studies and scientific articles re-

ated to the PD process for medical devices in Brazil [8] . Moreover,

he lack of a PD model for MEs in accordance with the Brazilian

cenario leads industries to use tools and models from other sec-

ors, which need to be adapted to fulfill the ME specifications, as

tated by Almeida [9] . 

Brazilian ME companies have some specifications regarding

heir operational characteristics. Their products are mostly of

edium to low technological complexity because technical regula-

ions present a major barrier to more complex developments [10] .

hey are also mainly small and medium-sized. The infrastructure

equired to be built by these companies must meet the required

egulations, which is a major barrier [11] . 
ts reserved. 
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Table 1 

Comparison of the models. 

Authors Strengths Weaknesses 

Das e Almonor [4] - Core team formation - Does not address the risk management 

- Concurrent engineering 

- Attribute-driven specifications 

Alexander e Clarkson [5] - Design tactics to help the verification and validation process - Does not address the regulatory requirements 

- Does not address the core team formation 

Aitchison et al. [6] - Verification steps between activities - Risk management slightly addressed 

Pietzsch et al. [3] - Applicable to all medical device classes - Risk management slightly addressed 

- Identification of functional groups involved in the process 

Medina, Kremer e Wysk [2] - Link between activities of the models - Requires knowledge of UML language 

- Phases do not occur in any order 

Qin et al. [7] - Multidisciplinary team - Does not address the development process as a whole 

- Focus on design development - Does not address risk management 
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Although the domestic demand for ME is increasing, the char-

cteristics of the associated industries generate a trade deficit sce-

ario, with their import covering much of the internal demand

10,12] . One particular characteristic relates to the lack of a clear

D process for the Brazilian scenario [13] . 

Botrugno [14] emphasized the need for an adequate European

egulatory framework to address the design of innovative services

n healthcare. According to this author, a regulatory framework

ould be used to guide professionals toward the best use of in-

ovative healthcare services, leading to a positive impact on the

tandardization in EU healthcare. This gap identified in the above-

entioned study, motivated this research. Therefore, the aim of

his study is to systematize good practices for ME development,

overing the main Brazilian regulations regarding the certification

rocess and their impact on the PD process. 

We believe that this systematization will assist the Brazilian

ealth care industry to be more assertive in their development

rocess and product certification, avoiding rework in the final

evelopment stages. 

ethodological procedures 

To achieve the objective of this study, two procedures were

ollowed. First, we conducted a systematic literature review to

nvestigate the best practices based on PD process models, and

econd, we performed multiple case studies with three Brazilian

E companies. 

iterature review 

The objective of conducting the systematic literature review

as to find the already reported models and good practices that

irectly address health products. Table 1 presents a summary of

he models found, highlighting their strengths and opportunities

or improvement. 

The only model that does not address the subject of team for-

ation in product development was that of Alexander and Clark-

on [5] . All the other models emphasize the importance of forming

 team with both engineering and clinical expertise. 

Compliance with regulatory requirements is a major concern of

E manufacturers. Except for the Alexander and Clarkson model

5] , all the others acknowledge the need to comply with the associ-

ted regulations. Nevertheless, none of the models provides further

etails regarding the standards or requirements to be satisfied. 

Performing risk management (RM) in the PD process enables a

eduction in the product launch time, more confidence in meeting

he regulatory requirements, and reduction in product failures [1] .

espite its relevance, neither Das and Almonor [4] nor Qin et al.

7] address this topic. Even the authors who discuss RM, do it su-

erficially. The Pietzsch et al. [4] and Aitchison et al. [6] models,

or example, do not address all the steps for RM. 
The analysis of these models reveals the need for a new model

hat is simple and easy to understand and apply [15] . The Med-

na, Kremer, and Wysk [2] model may be considered impractical

or small to medium organizations. This model, for example, re-

uires prior knowledge of the unified modeling language (UML) and

xpertise to distribute the recommended PD activities in the stages

f the development process. 

Table 2 presents the macro activities identified by each model

nd how they address the waterfall model required by the FDA

16] . 

Not all the models cover all the phases of the cascade model.

he Das and Almonor model [4] does not present a macro activity

edicated to identifying the user needs. The Aitchison et al. model

6] describes the “Design Process” macro activity as being respon-

ible for defining the project concept and product details. This

ctivity is related to both the “Project Inputs” and “Development

rocess” of the FDA model. Qin et al. [7] used his model to develop

 single product, and therefore, did not incorporate the stage of

Medical device”. This FDA stage addresses device production until

he product is launched in the market. 

ase study 

The case study procedure adopted herein followed the Yin

17] and Miguel [18] methodologies. According to Yin [17] , a case

tudy should be performed when the purpose of the research is

o deepen the knowledge about a problem that is not sufficiently

efined in the literature, as is the case of this work. This method

s appropriate to investigate two aspects of a phenomenon: "how"

nd "why" it happens. The phenomenon studied in this work is an

E development process that must address the Brazilian regula-

ions. Therefore, we performed a case study to verify the adequacy

f the proposed systematization for the organizational scenario in

he medical sector. 

To conduct this case study, the steps proposed by Miguel

18] were used: define a theoretical conceptual framework for 

lanning the cases was defined, the cases were selected, the data

ere collected, the data were analyzed, and the report was gen-

rated. The theoretical conceptual framework resulted from the

ystematic literature review phase. 

The criteria used to select the companies were the size of the

ompany and type of equipment developed. Seventy eight percent

f the national companies are either micro-, small-, or medium-

ized, with medium-large and large ones accounting for the re-

aining 22% of the market [11] . This led us to select one micro,

ne small, and one medium-sized company, presented in Table 3

ith their characteristics. 

Irrespective of the company size, all the products are Class

I, which limits the study mostly regarding the clinical test

rocedures. Another limitation is in the small sample size used. 
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Table 2 

Comparison of the macro activities of the models. 

Authors 

Waterfall model [16] 

User needs Design input Design process Design output Medical device 

Das e Almonor [4] - Concept proposal - Design process/Design 

control/Documentation 

-Regulatory approval - Release product 

- Form core team -Process validation 

- Create attributes -Clinical validation 

- Project plan 

Alexander e Clarkson [5] - User needs -Design inputs - Design process - Design output - Production 

- Process needs - Medical device 

- Process design 

- Product’s verification 

and validation 

- Process’s verification 

and validation 

Aitchison et al. [6] - Feasibility - Design process - Verification - Design changes 

- Manufacture 

- Validation 

- Design transfer 

Pietzsch et al. [3] - Initiation / Opportunity 

and risk analysis 

- Formulation / Concept 

and Feasibility 

- Design and development 

/ Verification and 

validation 

- Final validation / 

Product launch 

preparation 

- Product launch and 

post-launch 

assessment 

Medina, Kremer 

e Wysk [2] 

- Clinical need definition 

and team formation 

- Feasibility, risk 

assessment and 

conceptualization 

- Detailed design, 

verification and 

validation 

- Production planning 

and qualification 

- Market 

introduction and 

post-launch 

Qin et al. [7] - Client requirements - Research and analysis - Design sketching - Prototyping 

- Computer modeling - Assembly, labeling, 

clinical testing 

Table 3 

Case study companies. 

Company Size Age Interviewee Certification Product features 

A Micro 09 

years 

Director - ISO 13485 - Electric patient lift 

- Class II 

- Certified and commercially available 

B Small 12 

years 

Project 

Manager 

- Good Manufacturing 

practices by ANVISA 

- Wireless electrocardiograph 

- Class II 

- Final development phase and certification preparation. 

C Medium 10 

years 

Director - ISO 9001 - Digital autoclave 

- ISO 13485 - Class II 

- Certified and commercially available 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

v  

s

 

p  

t  

t

G

 

d  

d  

a  

a  

t  

c

 

 

 

a  

t

We performed semi-structured interviews to collect the data.

Key personnel working in the PD process of each company were

interviewed. We targeted the PD personnel who were the most

experienced in the team and those in charge of the PD process. 

To obtain the information, the researchers not only conducted

interviews but also performed on-site observations and a deep

documental analysis. It is worth emphasizing that these multiple

sources of evidence were essential to ensure the reliability of

the collected data and increase the validity of our research [19] .

Finally, the reports generated from the multiple case studies

were sent to the interviewees for a double analysis and potential

adjustments of the responses. 

All the case studies followed the same rationale and interview

protocol. First, the researchers collected information about the

company and PD process, asking the interviewees to typically

refer to the development process of a single product of their

choice. Then, the proposed systematization was presented, and

the phases, macro activities, functional groups, and activities

were explained. Finally, the interviewees answered the questions

regarding the verification and validation of the systematization.

Appendix A presents the interview protocol used. 

We applied the first validation level proposed by Smith and

Morrow [15] . In this first level, the model is evaluated by the per-

sonnel familiar with the PD process, who in our case were also

those responsible for the PD process. This evaluation allowed the
alidation of the adequacy of the proposed systematization for the

cenario of the studied companies. 

The other validation levels required the instantiation of the

roposed systematization for an actual ME product developed,

hroughout the development process. Therefore, the lengths of

ime required to perform these levels prevented their application. 

ood practices systematization for ME PD process 

Smith and Morrow [15] argued that a PD model should: (i) ad-

ress management issues; (ii) be based on available and up-to-

ate information for decision-making; (iii) be simple to be used as

n abstraction of the actual process. Using their recommendations

nd the literature review findings, we propose systematization for

he ME PD process that among other activities and good practices

an: 

• Present the regulations to be followed, given their relevance in

the Brazilian certification process; 
• Provide RM, owing to its importance in ensuring product and

user safety and organizational strategy; 

Our good practices systematization for the ME PD process used

s a reference the stage-gate model of Cooper [20] and its applica-

ion in the ME development by Pietzsch et al. [3] . 
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We divided the ME development into seven macro activities,

rouped into five phases and four decision gates . The phases are: 

hase 1. Opportunity analysis: verification of the gaps in the mar-

ket in which the company can position the new product; 

hase 2. Conceptual feasibility: design and selection of the new

product concept; 

hase 3. Project inputs and outputs: product development, consid-

ering user and regulatory requirements; 

hase 4. Project Verification, Validation, and Transfer: verification

of the product developed according to Phase 3 require-

ments, and validation of the user needs. Submission for

regulatory approval and transfer to the production line; 

hase 5. Product launch: sales and post-launch monitoring efforts. 

The macro activities were based on the steps listed by the mod-

ls studied in the literature review presented in Table 2 . We used

he same terminology for the macro activities as those in the ABNT

BR IEC standards [21–25] . 

Based on their characteristics, we grouped the activities into

unctional groups, similar to Pietzsch et al. [3] , and we followed

he same rationale of PMBOK (Project Management Body of Knowl-

dge), which divides project management activities into “knowl-

dge areas” and the CMMI (Capability Maturity Model Integration)

nto “process areas” [26] . The proposed structure includes nine

unctional groups: 3.1 Management; 3.2 Marketing and Sales; 3.3

M; 3.4 Research and Development; 3.5 Regulatory; 3.6 Manufac-

uring and Operations; 3.7 Quality; 3.8 Clinical; and 3.9 Patents. 

For each functional group, we present the expected activities

hat should be performed in each PD process phase together with

he regulations that must be followed. Based on their characteris-

ics and requirements, the regulations were distributed among the

ctivities proposed by the functional groups. 

In the stage-gate process, at the end of each phase, there is a

ate decision in which a team of representatives from the areas in-

olved in the process evaluates whether the project should move

o the next phase, be aborted, or demands further modifications.

he input information of a gate is the deliverable of the previous

hase, whereas the output is the decision regarding the project

ontinuation and action plans [20] . 

For the project status definition at the gate exit, the involved

eam must define the criteria for its decision judgment. These cri-

eria vary for each organization according to its development strat-

gy. Based on the activities involved in the ME PD process, Fig. 1

resents the proposed deliverables and decisions to be made at

ach gate , and their evidence from the literature. 

It is important to emphasize that although the activities are

efined in the development phases, the process of creating a new

roduct is continuous, being iterative and interactive between

he functional groups, and therefore, it is impossible to delimit

he activities in a phase. The same concept must be applied to

ocumentation, which needs constant updating. 

Owing to the vast scope of an ME and the complexity of its de-

elopment, it should be noted that the proposed systematization

s limited to ME equipment, does not address processes and regu-

ations for reconditioned products, and does not consider software

evelopment. 

Fig. 2 presents the proposed systematization. The functional

roups are detailed in the following sections. 

anagement 

Oliveira et al. [8] argued that managing a project effectively is

rucial to producing safe and effective products. Therefore, one re-

uirement of ME certification is an adequate planning process. 

Furthermore, the project team should be multidisciplinary, with

epresentatives of all the areas involved in the project [2–4,6,7] . 
arketing and sales 

The activities of this functional group begin with the mar-

et evaluation and potential of competitiveness for the proposed

roduct. 

The customer (or end-user) participates in the PD from the ini-

ial stages until its validation. In the final stages, the focus shifts to

repare the market to receive the product through the sales plan

nd training of the user who will use the product. 

isk management 

RM anticipates and reduces the possibility of failures and their

onsequences, becoming a critical element in development [3,8] . In

ddition, it is possible to reduce the costs and product launch time

nd be more assertive in the regulatory submission [1] . 

Addressing risk assessment from the earliest stages is much

ore cost effective than from the later stages as the products and

rocesses are still under development. This leads to a relatively

ower modification cost [5] . 

esearch and development 

Aitchison et al. [6] stated that the norms and regulations also

efine the design requirements. Therefore, this functional group is

he one with the highest number of regulations and norms. 

In the first phase, the team must consider both the customer

nd regulatory requirements to develop the conceptual design.

nly in phase 3, the requirements and equipment characteristics

re detailed. 

In the product verification and validation phase, the electro-

agnetic compatibility must be ensured [27] . 

Documents such as the Project Historical Record and Product

aster Record must be continuously updated as they are the RM

udit target in the product conformity assessment process. 

After launching the product in the market, the research and

evelopment activities shift their focus to product improvement. 

egulatory 

Problems in the final stages of the PD process can be avoided by

dentifying the regulatory norms and requirements from the early

tages of development [6] . The team should consult the regulations

resented in the systematization and any other specifications for

heir product. 

Even after the product is in the market, the manufacturers

re responsible for the post-market surveillance of their equip-

ent. They must have a system for adverse event surveillance and

echnical complaints post launch [28] . 

anufacturing and operations 

From the project start, the team must consider the manufactur-

ng and assembly issues to avoid reworking in the advanced stages

f the development. Thus, the design for manufacturing (DFMA)

nd process FMEA (PFMEA) are extremely important for product

valuation. 

When the product is in the validation phase, effort s in the man-

facturing and operations become more intense with the objec-

ive of ensuring that the production processes and supply network

eet the sales demands. 

uality 

This functional group must accomplish most of its activities

efore the final stages of the development, when the product is
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Fig. 1. Deliverables and decisions of the gates. 
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transferred to production. Subsequently, the quality team must

evaluate the quality of the products, processes, and inputs. 

Even after the product is already launched, the processes and

monitoring of the product quality should continue. 

Clinical 

This group focuses on the clinical trial activities for health prod-

ucts with class III and IV risk [29,30] . 

Clinical trials are planned when the product is moving out of

the development phase and starting the verification and validation

phase. It comprises of two sub-phases: pilot and pivotal. In the pi-

lot phase, the test establishes the product safety and initial efficacy
arameters and assists in the pivotal study criteria development.

he pivotal phase confirms that the product is safe and effective

or the intended use [31] . 

atents 

It is important to analyze the intellectual property before start-

ng the development to verify any existing patent on the prod-

ct, its components, or the process. Depending on the findings,

he risk assessment assists in verifying the project feasibility, as

ecommended by Pietzsch et al. [3] . 

Besides this verification, it is also important to identify patent

pportunities for the product under development. According to
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Fig. 2. Good practices systematization for the ME PD process. 

Note . 1-Pietzsch et al. [3] , 2-Medina, Kremer and Wysk [ 2 ], 3-Das and Almonor [4] , 4-Alexander and Clarkson [5] , 5-Aitchison et al. [6] , 6-Qin et al. [7] . 
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o  
itchison et al. [6] , protecting products through patents has an

mportant role in its success, and therefore, should be considered

rom the earliest stages. 

esults 

The importance of the proposed systematization is evident from

he results of the case studies. It is noted from the three case stud-

es that the companies that do not have a defined PD process make
heir decisions empirically, through informal processes, showing

n immaturity in their process management. The small number of

ecords and documents that formalize the decisions of the devel-

pment process is at the expense of the regulatory force rather

han of the understanding of companies of the importance of the

D process. 

Companies have difficulty in maintaining up-to-date documen-

ation during the entire PD process. Therefore, it is necessary for

rganizations, even with a few employees, to establish strategies



274 K.C.D. Lobato, A.P.S.S. Almeida and R.M.A. Almeida et al. / Health Policy and Technology 8 (2019) 268–277 

Table 4 

Comparison of the case studies based on the proposed systematization. 

Company Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 

Opportunity 

analysis 

Concept 

feasibility 

Design input Design output Verification and 

validation 

Design transfer Product launch and 

post-launch 

Management A ● ● ● ● ● ● ●
B ● ● ● ● ● ● ●
C ● ● ● ● ● ● ●

Marketing and 

sales 

A ● ◦ ◦ ◦ ● ● ●
B ● ◦ ◦ ◦ ● ● ●
C ● ◦ ◦ ◦ ● ● ●

Risk management A ● ● ● ● ● ● ●
B ● ● ● ● ● ● ●
C ● ● ● ● ● ● ●

Research & 

development 

A ● ● ● ● ● ● ●
B ● ● ● ● ● ● ●
C ● ● ● ● ● ● ●

Regulatory A ● ● ● ● ● ● ●
B ● ● ● ● ● ● ●
C ● ● ● ● ● ● ●

Manufacturing & 

operations 

A ◦ ● ● ● ● ●
B ◦ ● ● ● ● ●
C ◦ ● ● ● ● ●

Quality A ● ● ● ◦ ● ●
B ● ● ● ◦ ● ●
C ● ● ● ◦ ● ●

Clinical A N/A N/A N/A 

B N/A N/A N/A 

C N/A N/A N/A 

Legal A N/A N/A N/A N/A 

B N/A N/A N/A N/A 

C N/A N/A N/A N/A 
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to allow documentation management to run in parallel with the

development process, avoiding information loss. 

All the data collected from the interviews are reported in [32] ,

and Table 4 presents a summary comparing the activities per-

formed by each company based on the case study with the pro-

posed systematization. The exhibited similarity corroborates with

the argument of Pietzsch et al. [3] that the apparent coherence be-

tween the PD processes of the companies in this sector can be ex-

plained by their need to comply with the regulations that address

the quality system. 

In the functional group, “Marketing and Sales,” contrary to the

suggestion by Das and Almonor [4] , the companies do not include

the product end-user in the product development (Phase 3). The

companies only consider the end-users for the requirement survey

(Phase 2) and only consult them again in the prototype validation

phase (Phase 4). 

Privitera et al. [33] studied some difficulties faced by US and

European ME manufacturers to involve the end-users in their PD

process. In the Brazilian scenario, although we can identify a low

end-user incorporation rate in the development process, further

studies are necessary to assert this. 

Regarding the functional group, "Risk Management," although

all the companies perform the proposed activities, it is possible to

perceive that this is a sensitive issue for organizations. The main

problem reported is that they do not know how to apply the RM

proposed by ISO 14971. Thus, there is an opportunity for further

studies in this area to identify solutions that facilitate the under-

standing and application of the RM standard for health products. 

The companies performed all the activities planned in the Re-

search and Development functional group, as presented in Table 4 .

However, they do not employ a multidisciplinary team to develop

their products. Companies cited IEC 60601-1 as a guide for routine

testing in their PD process. However, they do not cite other stan-

dards that are also compulsory for ME. 

The analysis of the "Regulatory" functional group showed that

the companies conduct all the planned activities, even considering
opics regarding the norms and regulatory issues they must follow.

xcept for Company B, all others start their regulatory certification

fter the product and processes are already defined and completed.

ven when considering the regulatory issues from the beginning,

wo companies reported difficulties during certification, delaying

heir product launch in the market and increasing the costs in-

olved in their development process. This emphasizes the need for

ompanies to have a support system for regulations compliance. In

his context, the proposed systematization can fill this gap, helping

rganizations in this sector to manage compliance with the regu-

atory requirements. 

Companies prefer to develop products with a low embed-

ed technology to achieve the regulatory approvals easily, result-

ng in a rapid market insertion. This explains the preference for

he importation of high-technology products, leading the Brazilian

ompanies to limit themselves to relatively simpler products [10] . 

The functional group, "Manufacturing and Operations," shows

hat the companies tend to outsource the processes they deem un-

ecessary to spend costs. Therefore, manufacturing issues, which

re generally outsourced, are not considered from the project start,

s shown in Table 4 . Companies focus on the internal assem-

ly of the products and vary according to their needs, which are

utsourced. 

Regarding the functional group "Quality," it is noticed that all

he three companies tend to validate the manufacturing and op-

ration processes from the product validation. Therefore, they do

ot predict any activity for this functional group for manufacturing

alidation. The main attributes identified for this group are the ver-

fication of the tests results and trials generating a product meeting

he quality standards and monitoring of the production process. 

In this study, it is not possible to validate the "Clinical" and

Patents" groups, particularly the "Clinical" group because Class II

quipment do not require clinical testing. The functional group,

Patents,” was not compatible with the scenarios of the compa-

ies, although two of them already have patented products. All the

hree companies point that they have a low interest in patenting
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heir products owing to the lengthy process and legal insecurity.

owever, because large companies were not included in the study,

e considered important to maintain this functional group as it

as based on the literature review, leaving it to the user to choose

o apply it. 

The companies stated that the proposed systematization con-

iders the regulations they follow in their process of product de-

elopment and the phases through which the project phases are

ortrayed. They considered the systematization to be easy to un-

erstand and apply, and believed that it could become a guide for

he PD process, assist in the assertiveness of external consultan-

ies, and serve as training material for new employees or even for

he new companies entering the ME sector. 

iscussion 

The process for releasing an ME in the market is complex and

nvolves several requirements to prove its performance and safety.

e reinforce the need to assist the industries in becoming more

ssertive in the product development process and certification.

his will avoid rework in the final stages of the development be-

ause of not meeting the regulatory requirements, which can delay

he product launch and increase the development costs. 

One limitation regarding the results is from the small sample

ize, with all the studied companies producing only class II prod-

cts. However, all the respondents are leaders of the PD in their

ompanies, with their sizes matching those of 78% of the Brazil-

an companies. Besides interviews, other sources of data are also

sed, such as observation and analysis of the internal documents,

o corroborate with the interviews and increase the data reliability.

Because the systematization proposed here establishes the nor-

ative requirements that Brazilian companies must follow, we ex-

ect that the organizations of this sector can become more pre-

ise in their regulatory process. By evidencing RM as a functional

roup, we highlight its importance within the ME PD process. For

ealth products, RM is crucial for product safety assurance, es-

ential for product compliance certification, and contributes to the

ompetitive strategy of the organization. A good RM reduces the

osts and product launching time, besides ensuring compliance

ith most of the regulatory requirements. 

The major difficulty and concern of the companies is how to

eet the regulatory requirements in the absence of any manual

r explanation on how to apply the standards. In this respect, the

ystematization allows us to distribute the normative requirements

uring the development process. However, still there is a gap for
Item Question 

1.1. Company characterization 

1.1.1 How big is the company? 

1.1.2 How long does the company operate? 

1.1.3 How many products launched in the market? Which are? 

1.1.4 What is the risk of these products? 

1.1.5 Do you export any products? To which countries? Do these require 

1.1.6 Does the company have any certification? 

1.2. Interviewee characterization 

1.2.1 What is your role in the company? 

1.2.2 What is your background? 

1.2.3 How much company time? 

1.2.4 Have you participated in the development of how many products? 

2. Product characterization 

2.1 What is the risk class of the product? 

2.2 For the development of this product, what level of innovation was r

2.3 What was the level of expertise of the company in the same techno
eveloping methods that facilitate the understanding of the norms

nd their application in the ME PD process. The systematization

roposed here only presents the required standards; it does not

xplain how to use them. 

One noteworthy point is that the current regulations verifica-

ion change according to the sector regulatory body. 

onclusions 

It is possible to perceive the potential of using this systemati-

ation to serve as a guide for the PD process for health. Using it,

t is possible to verify the phases and activities inherent to the PD

rocess, besides being able to follow the required regulations. In

ddition, companies can use the systematization as training mate-

ial, allowing new personnel to learn the ME PD process and its

pecifications. 

The proposed systematization, although complete, is extensive.

his may be burdensome to some companies who have a few em-

loyees, where the members of development team need to work

n different functional groups, becoming overload with several as-

ignments. 

Nevertheless, the detail level of the proposed systematization

llows a better activity control. This will help the team to avoid

verlooking relevant factors that may affect the certification pro-

ess. 

Finally, it is important to emphasize that a PD process is a con-

inuous process, evolving with the organization and practices of

eveloping new products. Therefore, we believe that the proposed

ood practices systematization will become a general reference for

E development, which could be adapted for a company scenario.
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Item Question 

3. Characterization of the product development process 

3.1 Management Does the company have a clearly defined product development process? Do you have a template to follow? 

3.2 What characterizes the beginning of a project? 

3.3 What is the composition of the work team? 

3.4 What tools were used for project management? 

3.5 Marketing How are users’ needs collected? 

3.6 What other sources of information complement the entry requirements of the project? 

3.7 How is the preparation for entry of the product on the market? 

3.8 Risk At what stage of development does risk management start? 

3.9 What tools are used to support this management? 

3.10 Who makes up the risk management team? 

3.11 What regulation / standard are used for risk management? 

3.12 R & D How is the integration of end-users in the development process? 

3.13 What tools are used in the course of product development? 

3.14 How is the project documentation done? 

3.15 How is the documentation updated? 

3.16 How is the design freeze done? 

3.17 How is the project transferred to production? 

3.18 How is product improvement opportunities identified? 

3.19 What regulation / standard are used for product development? 

3.20 Regulatory At what point does the company verify the regulatory path that should be adopted for the product? 

3.21 How does the company do regulatory control in the course of development? 

3.22 At what point does the company initiate regulatory submission? 

3.23 Has the company already had any product that did not obtain the release of ANVISA in the first submission? If so, what is 

the reason for disapproval? 

3.24 Did you get approval later? How long it took? Were there any costs involved? Was there product rework? 

3.25 How is the post-market surveillance of products done? 

3.26 Manufacturing At what stage of the development process is the manufacture of the product considered? 

3.27 At what stage of development does the creation of the supply network for the manufacture of the product begin? 

3.28 What tools are used to evaluate impact on manufacturing in the product development process? 

3.29 How is the manufacturing process validated? 

3.30 How is process improvement opportunities identified? 

3.31 What regulation / standard are used to guide the manufacturing process? 

3.32 Quality What does the company’s qualification plan include? 

3.33 When do quality audits begin? 

3.34 How is complaint handling done? 

3.35 What is the role of the quality team before audits of certifying bodies? 

3.36 What regulation / standard are used to guide product and process quality? 

3.37 Clinical When is the clinical trial plan defined? 

3.38 When to start clinical trials? 

3.39 How is clinical validation done? 

3.40 What regulation / standard are used to guide the clinical trial process? 

3.41 What are the main difficulties for the development of clinical studies? 

3.42 Legal Has any product / process been developed patented? 

3.43 Is the path to the patent process well known and well defined? 

3.44 Management Are new projects funded by the company, or is it necessary to use financing? 

3.45 When there is funding, is there any relationship between the release of funds and the completion level of the project? 

3.46 Are there project review meetings in the course of development? 

3.47 What were the deliverables at each stage? 

3.48 What is the approval criterion for the next phase of the project? 

5. Verification and validation of systematization 

5.1 Does the model allow for the notion of what regulations and standards should be followed for the development of a new product? 

5.2 Does the model allow the overall view of the medical product development process? 

5.3 Could the model be used as a guide for the medical product development process? 

5.4 Could the model be used as training material and good medical product development practices? 

5.5 Does the model presented reflect the reality of the company? 

5.6 Is there any tool used in the company that is not in the model? 

5.7 Is there any functional area not portrayed in the model? 

5.8 Is the model complex? 

5.9 Is the model easy to use? 

5.10 Would you need technical help to use the template? 

5.11 Does the model present terms that require the learning of concepts not used in the work routine? 
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