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Abstract 

In order to commercialize medical devices, the practice of quality management becomes mandatory 

within companies. Therefore, the existence of a well-structured and updated Quality Management 

System, in accordance with the legislation, is necessary. PLUX, Wireless Biosignals, a company that 

produces medical devices for rehabilitation, sports and research, will begin to commercialize a new 

version of its main product, PhysioPlux. This creates the need to update their Quality Management 

practices. After analyzing the information collected within the company, as well as information obtained 

in the literature review, this paper proposes updates and optimizations to their Quality Management 

System. 
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1. Introduction 

The use of medical devices in healthcare has 

been implemented for several reasons, the 

main ones being related to patient monitoring 

[1]. Today's technology has enabled great 

advances in these devices.  

In order to provide efficient clinical care, 

medical devices must ensure safety and quality 

for both patients and professionals [2]. To 

ensure this kind of quality, all medical devices 

life-cycle shall be regulated and evaluated in 

accordance with the existent legislation [3]. 

Therefore it is important that companies apply 

a structured and regulated Quality 

Management System (QMS).   



2 
 

A QMS is considered to be one of the most 

efficient tools a company has to strengthen its 

competitiveness [4].  

According to Yeung and Chan [5], a QMS is 

defined as every organizational structure of a 

company, its responsibilities, procedures, 

processes and resources that implement 

quality management. An effective QMS allows 

the company to have the assurance that their 

products and services are consistently in 

accordance with customer requirements [6]. 

The main goal of this paper is to propose an 

updated methodology and structured QMS 

within the quality management practiced at 

PLUX. 

The remaining of this paper is organized as 

follows. On Section 2 the case study is 

presented. Section 3 presents some 

background information about the 

requirements and needs of QMS. Section 4 

describes the current QMS. Then, Section 5 

presents a set of proposals that intend to 

update PLUX’s QMS. Finally, on Section 6, the 

conclusions are drawn. 

2. Case Study 

PLUX launched its first device in 2008 – BioPlux. 

BioPlux is a wireless acquisition unit that can 

monitor signals such as muscle strength, 

temperature, heart rate and breath. The 

company wants to replace BioPlux with its 

successor, PhysioPlux (Figure 1). 

 

Figure 1 – PhysioPlux 

2.1 PhysioPlux 

PhysioPlux measures and monitors the signals 

of the patient, showing real time results in the 

tablet provided. This happens in an intuitive 

and perceptible way that increases motivation 

for recovery and often helps to decrease the 

recovery time. 

2.2 Biofeedback 

This ability, to constantly be able to monitor 

and observe health parameters in a discreet 

and efficient manner, in real time, is called 

biofeedback [7]. The concept of biofeedback is 

widely used in applications related to patients’ 

health and rehabilitation (Figure 3).  

 

Figure 2 – Biofeedback [8] 
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Making use of biofeedback, PhysioPlux’s 

software allows the user to "visualize their 

movements" on the screen and in real time 

(Figure 3).  

 

Figure 3 – Protocol: Dynamic stability of the Knee 
(Adapted from [8]) 

 

PLUX developed various protocols to be used 

depending on the type and location of the 

proposed treatment. Each protocol aims to 

treat a specific location. The concept of these 

protocols work as a game where the user must 

master the objectives proposed and entered 

into the system by the physiotherapist. 

Protocols are studied and developed in order to 

make possible an easy experience and 

interactive for the user, providing feedback for 

a specific clinical condition. 

 

2.3 Bluetooth 

PhysioPlux has the ability to monitor the 

patients from biomedical sensors. This is done 

using Bluetooth technology. The sensors are 

wired to PhysioPlux which transmits the data, 

using Bluetooth, to the tablet. 

This type of technology enables short range 

wireless communication between multiple 

devices [9].  

3. Technological, Normative and Legislative 

Framework: A review 

To be able to sell their devices in the European 

market, it is necessary to obtain the CE 

marking. In order to do that, producers must 

meet the requirements of the Medical Devices 

Directive 93/42/EEC (MDD). 

3.1 CE Marking 

The CE marking is a prerequisite for free trade 

and movement of products in the European 

market and is obtained in compliance with all 

the requirements in the MDD [10]. According to 

INFARMED [11], Notified Body and Competent 

Authority in Portugal, it establishes every right 

and duty that all participants in the research 

process or in production must necessarily have 

in order to sell their device in the European 

market. 

It is INFARMED that, in Portugal, monitors, 

inspects and ensures that this process is 

functioning accordingly within the medical 

devices companies.  
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3.2 Relevant Harmonized Standards 

Normally the certification with harmonized 

standards is not mandatory (unless they are 

integrated in the existent legislation), but its 

implementation leads to greater efficiency and 

effectiveness in the operations within the 

company. Similarly, the certification is 

recognized internationally, which ultimately 

benefits the expansion and vision of the 

company. 

International standards ISO 9001, Quality 

Management Systems, and ISO 13485, Quality 

Management Systems for Medical Devices, 

provide medical devices companies a model 

with rules and requirements in which they can 

grow maintaining the quality of their products. 

Being certified to ISO 13485, as well as being a 

way to more easily control the structure and 

requirements imposed by law. To adopt this 

standard in a company that produces medical 

devices is a way to facilitate the process of CE 

marking. 

3.3 Brief description – Data collection 

techniques:  

In order to optimize the processes and increase 

the quality and safety of the device, the 

existence of research that supports the entire 

projection and production of such medical 

devices is important. There are several 

quantitative and qualitative techniques, which 

help provide information during the 

investigation, such as interviews, focus groups, 

case studies and usability testing. 

 

o Interviews 

According to Simkiss et al. [12], interviews are a 

technique to obtain useful information: 

- When it is necessary to establish eye 

contact; 

- When there are many questions or topics 

of high complexity; 

- When the researcher needs to exercise 

control over those that provide 

information. 

o Focus Groups 

This technique is used when searching for 

qualitative information. It focuses on a form of 

group interviews and its main objective is to 

assess needs, develop interventions and test 

new ideas [13].  

o Case Studies 

The case study is not strictly a method of 

collecting information, but a research strategy 

where several research methods can be used. It 

is characterized by the description of a specific 

case in which there is the need to acquire 

enough concrete information about a particular 

event or situation [13]. 

o Usability Tests 

Technique used to evaluate the difficulties the 

user has with a specific product. Resorting to 

practical tests, made by real users, the goal is to 

be able to understand how to increase the 

usability of the product [14]. 
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4. Current QMS 

PLUX developed and implemented a QMS in 

which it aggregates all policies and procedures 

related to the company. 

4.1 Structure 

The hierarchical structure and basic types of 

documents of the implemented QMS are 

described as follows: 

o Level 1 – Quality Manual 

Its main goal is to provide the guidelines for the 

implementation and maintenance of the QMS. 

In addition, the quality manual describes the 

quality targets to reach and communicates 

them to the employees. It also creates the right 

framework for continuous improvement of 

customer satisfaction, and to provide to third 

parties, the proof that the company has the 

ability to deliver its products and services 

meeting customer needs. 

o Level 2 – Procedures and Work Instructions 

It is the set of documents that ensure the good-

functioning of the activities subjected to quality 

management, operational tasks, procedures 

and supervision. 

o Level 3 – Quality Records  

Quality Records are the set of documents which 

constitute proof that certain tasks or activities 

were planned and executed.  

Initially these are standardized forms, which 

turn into a definitive record after the current 

task is completed. 

o Level 4 – Other Documents 

Additional documents to regulate the planning, 

operation and control of processes and other 

technical documentation. 

4.2 Applied harmonized standards 

PLUX has been certified, in June 2012, 

according to NP EN ISO 9001 – Quality 

Management Systems and NP EN ISO 13485 – 

Quality Management Systems for Medical 

Devices, Regulatory Requirements. 

Also, although not being certified, PLUX 

practices its risk management according to the 

harmonized standard ISO 14971 – Medical 

devices, Application of risk management to 

medical devices. 

5. QMS Update and Optimization 

In this section some updates and optimizations 

to PLUX’s QMS are proposed. Some of them 

were immediately applied. Others are 

suggested as future work. 

The areas of development and production 

(hardware and software) and risk management 

were the ones causing concern within the QMS 

of the company since the information available 

was outdated. 

The presented update and optimization 

proposals are the result of the analysis and 

study of the collected information within the 

company, during the months of January to July 

2013. 

5.1 Documents List 

PLUX should keep an updated document in 

which all existing types of documents are listed. 

There was the need to update this documents 
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list since the previous one had some which 

were obsolete or were no longer useful for the 

company. 

5.2 Hardware Development Plan 

It is mandatory that all medical devices 

manufacturers document exactly the 

requirements that their device is meant to 

fulfill.  

In the original development plan there was no 

description of these requirements. Thus, a 

document, named HardwareRequirements.odt, 

was created in which PhysioPlux’s hardware 

requirements were inserted and described. The 

document was included into the existing 

development plan according to the control of 

documents procedure.  

5.3 Software development Plan 

Any software for medical purposes is 

considered a medical device. Therefore it must 

be validated, according to the state of the art, 

taking into account the life cycle of 

development, risk management, validation and 

verification [15]. 

A software design and development plan was 

created and approved. It describes all the 

necessary steps to develop Physioplux.apk, 

PhysioPlux’s software. 

Once approved, the software development 

plan was included into the existing 

development plan, in order to complete all the 

necessary requirements of the MDD and 

harmonized standards. 

5.4 Software Verification 

In order to test the usability of the device PLUX 

handles and verifies its software with a set of 

Test Cases. Some of this verification processes 

were in a preliminary form, or still in draft 

mode. Therefore, it was proposed that all tests 

would have the same template. 

All verification tests were converted to the 

same template and then stored as indicated by 

the control procedure document, Control of 

Documents. 

5.5 Risk Analysis and Mitigation 

With ISO 14971 update in 2012, an intersection 

between the MDD and this standard arises. 

Hence, any producer who wants to sell their 

product on the European market shall meet 

this update: 

Medical Device manufacturers must eliminate 

all risks as far as possible, regardless of its 

acceptability. 

The risk analysis was updated with new 

hardware risks. Software risks were not being 

accounted and were also included. Table 1 

presents the global risk analysis. 
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Table 1 – Risk Evaluation 

Occurrence Risk Index 

Frequent (weight=80) 8 240 4000 8000 

Probable (weight=15) 1,5 45 750 1500 

Occasional (weight=10) 1 30 500 1000 

Remote (weight=0,9) 0,09 2,7 45 90 

Improbable (weight=0,1) 0,01 0,3 5 10 

Extremely Improbable 
(weight=0,0005) 

0,00005 0,0015 0,025 0,05 

Severity 
Insignificant 
(weight=0,1) 

Marginal 
(weight=3) 

Critic 
(weight=50) 

Catastrophic 
(weight=100) 

 

All risks were analyzed taking into account the 

severity and probability of occurrence before 

and after mitigation. The estimated risks 

presented in Table 1 were where green 

represents the acceptable zone, yellow the 

tolerable zone and red the unacceptable zone.  

After approval, the risk analysis file was 

included into the QMS.  

5.6 Nonconformities 

Any nonconformity which may be raised at 

PLUX has a specific procedure for its resolution. 

The resolution of Non Conformities was 

considered to be a very complex process. 

Given that complexity, the adoption of an 

online platform used for traceability 

management called JIRA was proposed. JIRA is 

commercial software, developed by Atlassian, 

mainly used for issue tracking and project 

management within a company. It has the 

advantage of being a very flexible and easy to 

use platform that can be adapted to any 

organization.  

PLUX adopted JIRA as their new procedure to 

deal with nonconformities. Figure 2 illustrates 

that process. 

 

Figure 4 - Handling of Non-conformities (Adapted 
from [16]) 

In more detail, the process occurs as it follows: 

i. Submission of nonconformity – The 

collaborator that detects or receives 

the information about the 

nonconformity initiates the process by 

creating a JIRA Non-Conformity issue 

ticket; 
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ii.  Notification of the responsible(s) – 

JIRA will automatically notify the 

nonconformity board member to 

triage the ticket and assign it to the 

appropriate responsible; 

iii. Resolution of the nonconformity – The 

responsible(s) shall verify the 

nonconformity and take appropriate 

action; 

iv. Resolving and closing of the 

nonconformity – The responsible shall 

process the ticket as resolved and 

document all actions taken. The 

nonconformity board shall verify and 

close ticket.  

At least once a month, the nonconformity 

board members shall meet to ensure all tickets 

have been correctly resolved. 

This new process was adopted and the 

respective procedure was modified according 

to the new practices of nonconformity 

resolution. 

5.7 Technical File 

The existing Technical File is a necessary 

requirement for obtaining the CE marking and 

hence, to be able sell PhysioPlux on the 

European market. It needs to be updated 

according with the new implementations and 

modifications at PLUX: PhysioPlux, processes, 

procedures and updated risk management file. 

Also, the existing Annexes such as User Manual 

and Essential Requirements need to be 

properly updated. 

Subsequently its submission is also proposed its 

submission for approval at INFARMED. 

5.8 ERP System 

Companies are adopting Enterprise Resource 

Planning (ERP) System, as it centralizes the 

entire flow of information. Also, it simplifies the 

use of material and human resources required. 

Although its implementation is costly and 

involving significant changes to the internal 

structure of the company, if well designed and 

implemented, the ERP system is known to be 

an asset for companies where in long term 

costs can be recovered. 

The implementation of an ERP system would be 

an asset for PLUX and for any company that 

produces medical devices. On the other hand, 

this solution is known to be extremely 

expensive, requiring significant implementation 

time. 

6. Conclusions 

This paper proposed an update to the Quality 

Management System (QMS) of a company that 

produces medical devices. 

After a brief introduction about Quality 

Management Systems, the case study was 

presented with the description of the company 

and the product. Then, some background 

information about medical devices, quality 

management and techniques for data 

collection, resulted from the literature review, 

can be found. Subsequently, PLUX’s QMS was 

described. The main types of documents were 

outlined and the applied harmonized standards 

were listed. Finally, several proposals to update 

PLUX’s QMS are made. 
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As future work it is suggested that PLUX 

considers the update of its technical file 

according to the modifications and 

optimizations made to the QMS.  
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