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HIGHLIGHTS 

 

1. Office work is an activity on the rise with job characteristics that might potentiate the 

appearance of musculoskeletal disorders. 

2. Postures adopted by office workers might have a negative health impact and worsen 

musculoskeletal symptoms. 

3. Using a pressure sensor covering the entirety of the chair seat, it is possible to assume the 

user’s leg and lower back position on the chair based on the value of average pressure, 

contact area and centre of pressure. 

4. Using a pressure sensor alone it is not possible to distinguish postures in which users have 

the same leg and trunk position. supplementary information collected from the back of the 

chair would be required. 
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ABSTRACT 

 

Introduction: 

This research explores pressure-based ergonomic assessments focusing on sitting postures, 

acknowledging the relation between this behaviour and musculoskeletal diseases, particularly in 

offices. A historical overview of ergonomic practices lays the foundation, highlighting the 

evolution of technologies and methodologies in the quest for understanding musculoskeletal health 

implications. Therefore, the present study aims to develop a comprehensive pressure-based 

ergonomic assessment framework that integrates pressure metrics to assess sitting postures, 

considering factors such as load distribution, pressure points, and their implications for 

musculoskeletal health. 

Methodology: 

The methodology encompassed various assessment tools to investigate the intricate relationship 

between sociodemographic factors, work-related musculoskeletal disorders (WRMSDs) and 

ergonomic postures in an office environment. As such, a sample of 20 office workers were selected 

and a sociodemographic questionnaire was distributed. The Nordic Musculoskeletal Questionnaire 

was used to assess WRMSDs. The ergonomic assessment tool utilised was the Rapid Office Strain 

Assessment and ISO 11226:2000. The Xsens was used as a Motion Capture System to measure 

angles. The Tactilus pressure mat was used to gather pressure information. 

Results: 

The sample population was mainly females (55%) with an average age of 29,33 years old. 70% of 

participants reported neck and lumbar region pain or discomfort in the last 12 months before the 

study. In the previous seven days before the study, 50% still had neck pain or discomfort and 30% 

in the lumbar region. From the select postures, the most commonly adopted by participants was 

an upright posture with the different body sections supported. According to the ROSA method, 

the most damaging posture was when participants were seated in the middle of the seat without 

back support. According to ISO 11226:2000, all postures had asymmetric head and trunk postures. 

Using the pressure mat, it was possible to identify postures based on the leg and lower back 

position in the chair.  

Conclusion: 

In conclusion, this research positions pressure-based ergonomic assessments as a pivotal tool in 

promoting musculoskeletal health in posture assessment. Combining ergonomic assessment tools 

and pressure sensors is a reliable instrument for identifying awkward situations. Future research 

should be developed to explore the possibility of posture prediction when the leg and lower back 

positions are the same. 

Keywords: Pressure Sensor, Ergonomic Assessment, Occupational Health, Sitting Postures, 

Musculoskeletal Symptoms. 
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1 INTRODUCTION 

Over the years, there has been a shift in how people live and their lives are designed and conducted. 

With technological advancements and transformations in the business world, a new era of office 

work has begun. This shift, although a way to potentiate connectivity and efficiency, also has 

steered a lifestyle characterised by extended periods of sitting time, which means a lifestyle that 

carries significant implications for our health and well-being. In other words, in modern times, 

humans spend an increasing amount of time seated at a desk in front of a computer, and even 

though it revolutionised contemporary work, it also raised concerns about the well-being and 

health of employees [1-5].  

By conducting simple research online, it is possible to see that office work and the kind of job it 

involves aggregates different professions, such as administrative assistants, managers, bankers, 

accountants, physicians, programmers, and others, spread through different sectors, such as 

finance, healthcare, technology, education, and various industries. Therefore, office work can be 

classified as clerical work as it implies administrative tasks such as document preparation, 

reception, review and verification, transaction processing, record maintenance, data retrieval and 

compilation into files, calendar management of deadlines and significant dates to relevant parties, 

as well as keyboard utilisation for typewritten content creation and data storage or manipulation 

for data processing [6].  

Data available by CEDEFOP for 2021 considering the business services, that include “banking 

and finance; insurance; professional services (such as those provided by lawyers, accountants, 

engineers, computer programmers and analysts, advertising and marketing professionals, etc.; 

business services; and arts and recreation”, estimates that 44,185,000 people are employed in this 

sector when considering the 27 Country Members of the European Union. Most of the population 

that enrols in this type of work are between the ages of 25 to 49 years old, followed by individuals 

between 50 to 64 years old, and the age range with fewer individuals is between 15 and 24 years 

old (60,00%, 29,00%, and 7,00%, respectively). By analysing the growth prospects for 2035, all 

countries will register higher employment in this sector.  

In this way, more people tend to spend more hours of work seated, engaging in sedentary 

behaviour. This type of behaviour can be defined as any activity that requires an energy 

expenditure of basal metabolic rate (1,0 to 1,5 METs) in a sitting or reclined posture [6-11]. 

Accordingly, it is documented that the average office worker spends approximately 6 hours per 

day seated, which represents up to 80% of the workday in a sedentary position. This means a high 

level of sedentarism combined with a low level of physical activity [1, 3, 10, 11]. Consequently, 

there has been a rise in concerns regarding this kind of job since it is proven it can cause different 

health problems such as obesity, cardiovascular disease, diabetes, mental health challenges, and 

musculoskeletal disorders [2, 3, 5, 11-13]. 

In office work, associated with the sedentary behaviour that users are forced to adopt due to the 

tasks this type of job requires, there are other behaviours that can also negatively impact workers’ 

health. These negative impacts will mostly affect the musculoskeletal system. Musculoskeletal 
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health pertains to the functioning of the locomotor system, encompassing intact muscles, bones, 

joints, and adjacent connective tissues. Musculoskeletal conditions are typically characterised by 

pain (often persistent) and limitations in mobility and dexterity, reducing people's ability to work 

and participate in society. Pain experienced in musculoskeletal structures is the most common 

form of non-cancer pain. These symptoms affect the system and are characterised by impairments 

in the muscles, bones, joints, and adjacent connective tissues, leading to temporary or lifelong 

limitations in functioning and participation. They can be characterised as short and temporary 

conditions, such as fractures, sprains and strains, or long-term diseases, such as chronic pain, 

fibromyalgia or tendinitis [14]. 

Considering the entire workforce, musculoskeletal diseases are one of the most debilitating 

disorders for today's workers. These conditions affect the individual with the health problem and 

the company, increasing the economic pressure of employing an individual with limitations. 

According to data provided by the World Health Organization (WHO) relating to 2022, around 

the world, the population with musculoskeletal symptoms is approximately 1.71 billion, and this 

is the major contributor to restricted movement and agility, resulting in premature withdrawal from 

the workforce, diminished levels of welfare, and decreased engagement in societal activities [15]. 

The ergonomic risk factors associated with the appearance of musculoskeletal disorders have 

different origins. Sometimes harmful situations are related to individual behaviours, but in other 

cases, they are connected to work conditions. Individual behaviour, user posture, the time spent 

seated and the number of active breaks play an essential role in determining the health impacts on 

workers’ health [16, 17]. Other factors to be considered are related to the ergonomic characteristics 

of the workstation itself. In some situations, the equipment provided to workers is not 

recommended, as the characteristics do not allow a proper workstation setup or are not the most 

suitable for the job [16, 18]. 

Identifying risk factors in offices is extremely important as it is the primary prevention line against 

the health impacts caused by harmful work conditions or improper behaviours. This is possible 

through various risk assessment methods that analyse work factors such as workload, worker 

position while performing the tasks, working hours, techniques, and workstation layout and setup. 

This ought to be an easy and straightforward way to fight musculoskeletal risk factors and promote 

a healthy and safe work environment [19].
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2 THEORETICAL FOUNDATION 

In the current professional context, a substantial amount of time is dedicated to office 

responsibilities, so applying ergonomic principles is paramount. This chapter aims to establish a 

study theoretical groundwork for understanding ergonomic issues in office work. The goal of 

exploring fundamental concepts, principles, and research discoveries in office ergonomics is to 

understand the musculoskeletal risk factors associated with this profession, the causes, assessment 

methods available and preventive measures. 

2.1 History of Ergonomics in Office Work 

In the early stages of Ergonomics, it was referred to as Human factors, as it focuses on 

understanding the interactions between humans and their environment and the tools and equipment 

used. The primary objective is to design and organise workspaces, products, and systems, 

optimising human performance, safety, and comfort [20, 21]. Accordingly, The International 

Ergonomics Association defines Ergonomics as “the scientific discipline concerned with the 

understanding of interactions among humans and other elements of a system, and the profession 

that applies theory, principles, data, and methods to design to optimise human well-being and 

overall system performance”. As such, the history of ergonomics in office work is related to the 

evolution and the dissemination of this kind of work worldwide and the realisation of the 

importance that work conditions have on individuals’ wellness and productivity [22, 23]. 

Office work has been present in human life for centuries, like in the case of the Medici bank, but 

in those times, there was little concern about the workstation conditions as long as it was practical 

for the ones using it. In the late 19th century to the early 20th century, with the introduction of the 

typewriter in offices, there was a reshaping in the work performed, and office ergonomics began 

to emerge [24, 25]. 

With the introduction of Taylorism in the business world, principles of scientific management 

influenced office organisation and ergonomics, emphasising efficiency, which led to the 

investigation of the most efficient layout of offices and the design of ergonomic office furniture 

[26, 27]. Different types of businesses followed the Taylor method; tasks were split into more 

specific assignments, often forcing workers to undertake repetitive actions. Offices were organised 

to form lined-up rows, allowing continuous workflow and vigilant supervision by managers, many 

of whom occupy private offices, optimising the space available and granting a larger area for more 

desks [25]. 

After World War II, ergonomic considerations worldwide took a different turn, as awareness 

increased on how work conditions can affect humans and how they perform [28]. In this period, 

the study of body size, reach, strength, and capacity to process information began in the ergonomic 

field. In this way, it was possible to improve the relationship between workers and their offices 

[21, 29, 30]. Furthermore, there were two different lines of ergonomic evaluation followed, 

particularly Engineering Ergonomics (focuses on adapting the workplace to individuals) and 
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Cognitive Ergonomics (focuses on the mental workload, work duties and software interface) [21]. 

This was when the office layout changed to desks placed in an open space layout to promote 

interaction and cooperation between workers, establishing a non-hierarchical environment [25]. 

With the introduction of computers in the corporate world, new ergonomic challenges appeared 

since this kind of equipment had bid dimensions. Workers reported and experienced discomfort 

and repetitive strain injuries, which led to increasing concern regarding office workers' health. 

Consequently, more studies were conducted to fulfil the ergonomic principles of adapting the 

workplace to the worker rather than the other way around [20, 22, 31]. Governments and 

organisations began to develop ergonomic guidelines and standards for office environments. These 

guidelines covered chair design, keyboard placement, and lighting [32]. 

By conducting more ergonomic studies of the ergonomic conditions involved in office work, 

ergonomic products and furniture started to be present in offices, respecting the ergonomic 

guidelines established, such as keyboard placement, the height and characteristics of chairs, and 

the correct posture or behaviour regarding prolonged sitting and continuous monitor use [20]. 

Office ergonomics continued to be challenged as technology evolved, with new equipment shaping 

the workstation and work organisation, like mobile phones, laptops, and monitors of small 

dimensions [22]. Employers became more aware of ergonomics' benefits in reducing injuries and 

improving productivity [33]. 

Nowadays, the ergonomic line followed in offices involves a holistic perspective of the work 

developed, in the sense that it considers the physical and mental aspects of work, adopted in the 

more traditional work assessment and the work environment [34]. Hence, the traditional 

ergonomic approach includes the lighting, sound, layout, and social and collaborative nature of the 

job performed at the offices. Today, office ergonomics is a well-established field that continues to 

evolve as technology, work practices, and the understanding of human factors advance. It plays a 

vital role in creating work environments that promote employee health, well-being, and 

performance [21]. Corporates understand how valuable it is to have trained and formed individuals 

in this field, as it is proven to improve the health of the collaborators and the productivity of the 

company [34]. 

2.2 Workstation Elements 

Office workstations are composed of elements that, although considered separate items, interact 

with each other, so a symbiotic relationship is of most importance [35, 36]. Therefore, a typical 

office workstation has different objects, such as a desk, chair, monitor, keyboard, mouse, 

telephone, and accessories. All elements must align to enable its user to maintain a correct setting 

posture, as presented in Figure 1. 
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Figure 1 – Ergonomic Sitting Posture. 

2.2.1 Desk 

A desk can be characterised as a work surface that usually has a standard height, fulfilling the 

majority of workplaces and individuals. In some cases, it is possible to acquire adjustable desks, 

therefore covering a more significant number of individuals, as it allows smaller and taller subjects 

to regulate the desk height to their specific features and needs. An essential characteristic of these 

elements is that they should have enough space to accommodate all the other aspects without 

compromising the user's health, and therefore, respecting the recommended distances and the zone 

of convenient reach. It should also allow sufficient leg space to the front and sides [35-37]. 

2.2.2 Monitor 

Nowadays, office work involves the usage of a Visual Display Unit (VDU), which refers to a 

computer monitor or screen that displays visual information. Considering this type of equipment, 

it ought to enable its users to adjust its height; therefore, it must be height adjustable. This way, 

users can place the height within eyesight, which is reported as the most suitable position to prevent 

MSDs and promote a better sitting posture. It also should be at a distance from its user within the 

convenient reach [38-42]. 

According to the Computer Ergonomic Guide developed by OSHA [43], the correct posture of the 

monitor is: 

1. Placed in front of the user, and the top line of the screen must be at the level of the eyes; 

2. When seated, the user must set the monitor at a comfortable distance; 

3. Avoid glare or reflation on the screen surface. 

2.2.3 Keyboard and Mouse 

To operate a VDU, the user must use a keyboard and a mouse. With the evolution of technology, 

many offices have wireless keyboard and mouse sets. To avoid an awkward angle between the 

wrist and hand, the keyboard must be placed respecting the distance between the shoulder, and the 

upper and lower harm should form a 90° angle or marginally higher [35, 39, 40, 43, 44]. Regarding 
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the mouse, it must be within the desk's reaching area, avoiding the need to stretch and avoiding 

uncomfortable or problematic postures by users. The design must grant gripping and clicking user 

comfort. As such, the keyboard and mouse are expected to be closely located [35]. 

According to the Computer Ergonomic Guide, developed by OSHA [43], the correct posture for 

the keyboard and mouse is: 

1. Set operated as one; 

2. Shoulders relaxed and elbows near the body; 

3. Elbows bent at a 90° angle or marginally higher; 

4. The second line of keys (counting from the “space” key) must be at elbow height or 

insubstantially lower. 

5. Wrists straight and making small circles; 

6. Place the entire hand over the mouse; 

7. Use the mid-section of the finger to click on the mouse key. 

2.2.4 Chair 

A key element in workstation elements is the chairs that must be selected considering specific 

characteristics because they are similar to desks. They must be comfortable and fulfil most 

individuals. In that way, it should be equipped with seat height adjustment mechanisms that ideally 

must permit an adjustment from 0,38 m to 0,53 m, satisfying the needs of most individuals and the 

taller and smaller ones. It also should have backrest adjustment mechanisms that support a 

substantial portion of the back, accompanying the natural curvature of the back, adjustable to its 

user, and the material should have the capacity to mould around its operator. The seat pan can have 

a mechanism that allows it to slide, which permits the user to extend the length of the seat, 

providing additional support for the one who needs it. Additionally, it ought to possess armrests 

functioning in a way that grants forearm support without obstructing the user's movements. 

Moreover, all mechanisms ought to be intuitive and straightforward, allowing their handler to use 

them to their advantage [35, 36].  

According to the Computer Ergonomic Guide developed by OSHA [43], the correct sitting posture 

is: 

1. Feet resting comfortably on the floor or a footrest, and knees slightly lower than the hips; 

2. A 0,0508 m to 0,1026 cm gap between the back of the knees and the front edge of the seat; 

3. The curve of the chair fits into the deepest part of the curvature of the lower back; 

4. The back of the chair must be upright or tilted back for comfort; 

5. Shoulders are relaxed, and the armrest is slightly below the elbows. The armrest must not 

interfere with the freedom of movement. 
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2.3 Ergonomic Risk at Offices 

Considering the ergonomic risk associated with office work, it is essential to contemplate all office 

equipment, as the interaction between the worker and all workstation elements will be crucial in 

assessing the ergonomic risk of the determined situation. Accordingly, misalignment and 

positioning of the work equipment will potentiate the risk of the appearance of these diseases [12, 

13, 45, 46]. As such, working in an office may contribute to the development of musculoskeletal 

complaints among office workers, in which the tasks performed, and the office routine will directly 

impact the body regions affected [12, 43, 46]. Work-related MSDs (WRMSDs) are responsible for 

almost 50,00% of absences caused in offices, resulting in the loss of work hours and increasing 

work costs [17, 46]. This problem affects not only the individual but also those around him, such 

as the organisation and society, as well as may interfere with the individual personal life and affect 

the quality of life [16, 46, 47]. 

The job performed in an office implies working with a VDU typing or reading documents and 

physical activities that require the worker to twist, bend, reach, carry or move around the office. 

The leading cause of WRMSDs involves repetitive movement, static posture, prolonged sitting 

and awkward postures, which are significantly associated with intradiscal pressure [16, 47]. One 

of the body regions where office workers report more symptoms is the upper body part. This body 

region involves different body parts, such as the head, neck, left and right shoulder, left and right 

elbow, left and right forearm, left and right wrist/hand, and the trunk [13]. As such, WRMSDs are 

the most prevalent ergonomic risk factor associated with sedentary behaviour in this type of job. 

Consequently, almost 60,00% of office workers report pain or discomfort in the upper back region 

[16, 17, 48, 49]. Although WRMSDs are not only related to physical factors, such as repetitive 

movements, awkward postures, and inappropriate workstation, but also to psychosocial factors, 

such as high job demands, excess of control or lack of autonomy in the tasks performed, absence 

of social support from pears, instability and imbalance between personal and professional life [50, 

51]. 

The neck and shoulder region complaints are associated with prolonged and repeated VDU use 

and inappropriate furniture setup. One of the most frequent MSDs in the office environment is 

complaints of arm, neck, and shoulders (CANS), a consequence of repetitive stress on the body's 

soft tissues, including muscles, tendons, and nerves, sustained either in their professional roles, 

such as computer professionals or during extracurricular activities. Common issues involve 

tendons, like rotator cuff tendonitis, and disorders related to peripheral nerve entrapment, such as 

carpal tunnel syndrome [50, 51]. The correlation between neck pain or discomfort and forward 

head inclination angle suggests that VDU users tend to be in a non-neutral neck position. The 

prevalence of laptops in the work environment makes it impossible to adjust the monitor height, 

which forces users to flex their necks continually. The angle of the neck also affects other body 

regions, such as the trunk region, divided into the upper and lower back. This body region is also 

highly affected by the posture, whether the back is supported, the inclination angle, how long the 

posture is maintained and how many breaks workers take. In office work, there is a relation 
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between the number of breaks workers take and the prevalence of WRMSDs, in which the fewer 

the breaks, the higher the pain and discomfort, and the higher the recovery time [16, 47, 52-54]. 

Therefore, it is extremely important to fulfil the ergonomic conditions requirements in offices to 

avoid MSD symptoms among the workers performing this job. In this sense, ergonomic analysis 

must be conducted in offices to prevent the occurrence of bad office behaviours, instructing 

employees and employers on good practices to adopt and by identifying all ergonomic risk factors 

present, associated with equipment, postures adopted, and sedentary behaviour [16, 54]. 

2.4 Systematic Review on Office Work Ergonomics 

The present state-of-the-art review seeks to find existing knowledge on office work ergonomics. 

As such, the objective of this research was to document existent studies conducted by other authors 

where the main focus was office work and seated postures; collect data regarding ergonomic tools 

available for office work; gather information about the methods utilise to do a complete 

characterisation of the study sample; compile details about of common sitting postures adopted in 

offices and risk assessment or identification tools; assemble information about dynamic ergonomic 

assessment tools of seated work; and systematise information regarding musculoskeletal work-

related disorders. 

The following literature review was conducted according to the Preferred Reporting Items for 

Systematic Review and Meta-Analysis Protocols (PRISMA-10) [55]. To filter the articles relevant 

to this specific research, inclusive criteria were established based on the research goals of doing 

an ergonomic characterisation of office and seated professions, considering the methods available, 

the postures adopted, the type of seating apparatus, and job characteristics. All articles were 

included, even the ones in the publication stage; conference papers and articles regarding 

professions not enrolled in office work were excluded. All articles performed in field or laboratory 

conditions and literature reviews aiming to characterise office work, human-chair interaction and 

musculoskeletal disorders associated with seated work were included. The selected ones analyse 

office work through risk assessment methods and sensor application in the chairs. If the sitting 

office equipment differed from the one described, it was also excluded. Only articles published 

between 2018 and 2023 were accepted; all must be in English. The selected keywords were Office 

workers, Office, Seat, Seated, Prolonged sitting, Ergonomic, Ergonomic risk, Posture, Work 

posture, Awkward posture, Musculoskeletal disorders, and Musculoskeletal Disease. The 

keywords were combined as presented in Table 1, in SCOPUS and Web of Science. 
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Table 1 – Combination of Keywords and Research Data Base. 

Data Base Keyword Combination 

SCOPUS 

"Office workers" AND "Ergonomic risk" 

“Office workers" AND "Work posture" 

"Office workers" AND "Awkward posture" 

Seated AND Ergonomic 

Seated AND Posture AND Ergonomic 

Seat* AND (Musculoskeletal AND (Disorders OR Disease)) AND Office 

"Prolonged sitting" AND Ergonomic 

Web of Science 

"Office workers" AND "Ergonomic risk" 

“Office workers" AND "Work posture" 

"Office workers" AND "Awkward posture" 

Seated AND Ergonomic 

Seated AND Posture AND Ergonomic 

Seat* AND (Musculoskeletal AND (Disorders OR Disease)) AND Office 

"Prolonged sitting" AND Ergonomic 

The research was divided into 4 stages: 

• Stage 1 – Insertion of keyword combinations in the “Article title” field of the different 

databases and the inclusion criteria were selected in the filters (time range, type of 

document and language); 

• Stage 2 – Selection of articles considering the title; 

• Stage 3 – Selection of articles based on the abstract; 

• Stage 4 – Selection of the article regarding the methodology applied. All duplicates were 

eliminated. 

Figure 2 is the flowchart of the decision process. As stated before, in both databases selected, the 

combination of keywords was introduced, and the inclusion criteria filters were applied to clean 

the research results. Afterwards, a pre-selection was made considering the article title. If the 

respective title had important information for the present state-of-the-art review, the article moved 

to the next phase, which was analysed considering the abstract. If the methodology and scope were 

within the field of interest, the article content was analysed fully, and the article was or was not 

included in the research. After all articles were selected, the duplicates were eliminated. 

 

Figure 2 – Flow chart of the decision process. 

In stage 1, all articles were documented using Microsoft Excel version 2307. In Stage 2, the 

research data, the research platform, the researched combination of keywords, the author/s, the 

date of publication, and the article's title were also documented. The abstract and keywords were 

recorded for the articles selected for Stage 3. The methods and results were detailed for the articles 
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chosen for Stage 4. The reasons for exclusion or inclusion were also recounted. After the final 

selection, all articles were exported using EndNote version 20.4.1. 

As mentioned above, the selected combination of keywords was introduced in two research 

databases, SCOPUS and Web of Science, and the articles were chosen considering the inclusion 

criteria. In Table 1, presented in Appendix I, you can find the resumes of the articles found, 

considering the inclusion criteria and the combination of keywords. Table 2 shows the results of 

the two databases used, considering the total combination of keywords selected and the inclusion 

criteria. Considering both databases, a total of 1511 results were obtained. Applying the date filter 

(2018 – 2023), the results were 568. Through the document filter (article), it was possible to 

decrease the research results to 428. The source type (journal) allowed us to filter the results to 

427. Filtering the results based on the language (English), 419 documents were analysed. After the 

document analysis, 52 papers fulfilled the state-of-the-art objectives. 

Table 2 – Resume of research results considering the total of research keywords. 

Research 

Database 
Keywords Date Document Source Language On Topic 

Scopus 504 179 127 126 124 27 

Web of 

Science 
1007 389 301 301 295 25 

Total 1511 568 428 427 419 52 

To select the “On topic” articles, the flow chart decision process described in Figure 2 was 

performed, and the results are presented in Figure 3. Considering the pre-selection, 418 articles 

were analysed based on the title, of which 167 moved to the next stage, and 251 were eliminated. 

Regarding the abstract, 103 articles were moved to the next step, and 64 were excluded. Through 

the content analysis, 52 articles were included, and 51 were excluded. After removing 28 duplicate 

articles, 24 were included in the systematic review. Two documents required a deeper analysis, 

although it was impossible to obtain access to the full-text version at the time.  

 

Figure 3 – Results of the flow chart decision process. 

As was stated before, the present systematic review followed the PRIMA Statement procedures. 

Therefore, in Figure 4, the PRIMA Statement flow diagram follows the same reasoning as the 

decision tree presented in Figure 3. 
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Figure 4 – PRISMA Statement Flow Diagram. 

The studies selected are presented in Table 3, considering the findings of other authors, with the 

resume of the articles selected, the purpose of the study, and the postures tested when applied. The 

results and the discussion were made bearing in mind the methodology and evaluation made, the 

posture tested or observed and the health impacts on subjects that those postures or behaviours 

may have.
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Table 3 – Systematic Review Article Synthesis. 

Article Purpose Method Postures tested 

[56] 

Combine in a single cost-effective solution, 

the monitoring and control of user posture and 

sitting time through an instrumented office 

chair 

Application of 15 sensors in an office chair 

and performance evaluation of the system 

conducted 

(1) Correctly seated; (2) Slouching forward; (3) Slouching forward 

with the hips wrongly positioned; (4) Seat back also with the hips 

wrongly positioned; (5) Leaning on the right side; (6) Leaning to the 

left side 

[57] 

Development of a smart chair system equipped 

with load and ECG (electrocardiography) cells 

able to predict user posture and monitor the 

cardiovascular system, respectively 

Placement of 3 load cells in the chair seat 

placed in a triangular shape and ECG cells in 

the armrest and performance evaluation of the 

system conducted 

(1) Upright sitting; (2) Slouching; (3) Leaning forward; (4) Leaning 

backward; (5) Leaning left; (6) Leaning right; (7) Right leg crossed; 

(8) Left leg crossed 

[45] 

Estimate the recommended ergonomic 

duration for maintaining different sitting 

postures in an ergonomically adjusted 

workstation 

Application of a demographic questionnaire 

and of the 10-point Borg CR10 rating scale do 

assess discomfort; evaluate 17 common static 

sitting postures for 4 min and estimate the 

maximum holding time and rate discomfort 

Neck Angle: (1) Neutral (0º); (2) Mild Flexion (15º); (3) Moderate 

Flexion (30º); (4) Extension (-20º); (5) Lateral Bending (15º); (6) 

Rotation (15º); Trunk Angle: (7) Middle Position (0º); (8) Middle 

Position (0º); (9) Mild Flexion (15º); (10) Moderate Flexion (30º); 

(11) Extension; (12) Lateral Bending (15º); (13) Rotation (15º); Knee 

Angle: (14) Neutral (90º); (15) Flexion (60º); (16) Extension (120º); 

(17) Leg Crossing 

[51] 
Determine the ergonomic risk factors present 

in offices related to complaints in the CANS 

Application of the Maastricht Upper Extremity 

Questionnaire (MUEQ) and ROSA (Rapid 

Office Strain Assessment) method to collect 

information about MSD and ergonomic risk 

assessment evaluation 

NA 

[58] 
Compare the differences between a home 

office and an ergonomic workstation 

Used of a Motion Capture System to record 

movement and RULA (Rapid Office Stain 

Assessment) to assess risk level 

NA 

[59] 

Investigate the sitting behavior of office 

workers using ergonomically adjusted 

workstations 

Posture recording and classification by the 

method developed by Graf, Guggenbühl [60] 

and RULA 

NA 

[61] 
Determine which is the most effective solution 

to improve the body posture while seated 

Literature review using the Analytic Hierarchy 

Process (AHP) and PUGH matrix 
NA 

[62] 

Develop and implement invisible and non-

intrusive plastic optical fiber (POF) sensor 

cells to monitor the posture and evaluate the 

ergonomic behavior of a seated person 

Implementation of 4 POF sensor cells in and 

office chair and assess system performance in 

5 posture prediction 

(1) Correctly seated; (2) Leaning forward; (3) Leaning forward with 

the hips wrongly positioned; (4) Leaning on the right side; (5) Leaning 

to the left side 

[63] 

Characterize movement patterns during a 

prolonged sitting bout and to determine their 

relationship with musculoskeletal pain 

Application of a demographic and 

occupational questionnaire to collect user data; 

Placement of a pressure sensitive mat to 

quantify seat pan pressure and trunk sway 

parameters 

NA 
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Article Purpose Method Postures tested 

[56] 

Combine in a single cost-effective solution, 

the monitoring and control of user posture and 

sitting time through an instrumented office 

chair 

Application of 15 sensors in an office chair 

and performance evaluation of the system 

conducted 

(1) Correctly seated; (2) Slouching forward; (3) Slouching forward 

with the hips wrongly positioned; (4) Seat back also with the hips 

wrongly positioned; (5) Leaning on the right side; (6) Leaning to the 

left side 

[64] 

Design an orthopedic chair for people with 

musculoskeletal disorders, considering 

ergonomic principles and active sitting 

function 

Use of the Xsens 3D motion tracking system 

to analyze body segments depending on the 

chair 

(1) Leaning forward; (2) Leaning forward with knees wrongly 

positioned; (3) Leaning forward with knees crossed; (4) Slouching 

[17] 

Evaluation of Musculoskeletal disorders 

(MSDs) and their ergonomic risk factors 

among office workers 

Application of the Cornell Musculoskeletal 

Discomfort Questionnaire (CMDQ) to assess 

musculoskeletal symptoms and the ROSA as 

ergonomic risk assessment tool 

NA 

[65] 

Develop an effective real-time posture 

monitoring system, able to predict user posture 

and send feedback 

Placement of 12 pressure sensors in the seat 

and 12 distance sensors on the back of the 

chair evaluate system performance 

(1) Leaning on the seatback while keeping the back straight; (2) 

Detaching the back from the seatback and keeping the trunk erect; (3) 

Flexing the trunk forward about 4 degrees (slouch); (4) Leaning 

against an armrest with lateral bending (left); (5) Leaning against an 

armrest with lateral bending (right); (6) Sitting on the leading edge 

with convex trunk; (7) Leaning back with hips slightly forward 

(slump); (8) Legs crossed (left); (9) Legs crossed (right); (10) Rotating 

the trunk about 20 degrees (left); (11) Rotating the trunk about 20 

degrees (right). 

[54] 

Investigate the differences and benefits 

between active breaks and postural shift in 

reducing sitting discomfort and shortened 

duration in recovery from neck and low back 

pain 

Comparation of a custom-designed apparatus 

and a placebo seat pad between two groups 

with a follow-up after 12 months, The Borg 

CR-10 scale to determine perceived 

discomfort, Modified Nordic questionnaire, 

Work-related (physical) factors, and Thai 

version of the Job Content Questionnaire, 

Demographic and occupational questionnaire 

NA 

[66] 

Evaluate the effect of promoting rest breaks 

and postural shifts to prevent neck and low-

back pain 

Comparation of a custom-designed apparatus 

and a placebo seat pad between two groups 

with a follow-up for 6 months, The Borg CR-

10 scale to determine perceived discomfort; 

Modified Nordic questionnaire, Work-related 

(physical) factors, Thai version of the Job 

Content Questionnaire, and a Demographic 

and occupational questionnaire 

NA 
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Article Purpose Method Postures tested 

[56] 

Combine in a single cost-effective solution, 

the monitoring and control of user posture and 

sitting time through an instrumented office 

chair 

Application of 15 sensors in an office chair 

and performance evaluation of the system 

conducted 

(1) Correctly seated; (2) Slouching forward; (3) Slouching forward 

with the hips wrongly positioned; (4) Seat back also with the hips 

wrongly positioned; (5) Leaning on the right side; (6) Leaning to the 

left side 

[67] 

Design, develop and implement a novel user-

friendly smart seat cover to monitor sitting 

posture 

Placement of a Sitting Pressure Sensor (SPS) 

into an office chair to monitor 3 postures for 

30 min (10 min/posture) and evaluate model 

performance 

Sit up with their back straight, shoulders pushed back, and buttocks 

aligned to the rear most part of the seat, such that their back is straight 

in line with the backrest (normal or mild asymmetry); (2) Sit cross 

legged with right leg over the left knee (moderate asymmetry); (3) Sit 

leaning high to right side, cross-legged with right leg over the left 

knee in a severe asymmetry posture (severe asymmetry) 

[48] 

Examine the risk factors of MSDs in offices 

and compare the differences between two 

groups in different intervention programs 

Application of ROSA before and after 

intervention, Demographic and occupational 

data, and the Nordic Musculoskeletal 

Questionnaire (NMQ) 

NA 

[53] 

Compare ergonomic risk factors and work-

related psychosocial factors in visual display 

units (VDU) users with and without MSDs 

The NMQ, the Effort-Reward Imbalance 

Model and Over-commitment Questionnaire, 

and ROSA 

NA 

[68] 

Detect different sitting postures with a small 

number of sensors and little data processing 

prior to the use of the classifier algorithm 

Placement of 6 Force Sensitive Resistors 

(FSR) in the chair seat and test 7 postures 

(1) In an upright posture, with the back supported by the chair’s 

backrest and the buttocks placed at the back of the seat; (2) In a 

reclined position, with only the upper part of the back resting on the 

back of the chair and the buttocks resting on the front part of the seat; 

(3) With the torso bent forward, elbows resting on the legs, back 

completely separated from the backrest; (4) With the torso inclined 

laterally to the right, armrest supporting part of the weight; (5) With 

the torso inclined laterally to the left, armrest supporting part of the 

weight; (6) In an upright posture, similar to posture 1, but with the 

right leg crossed over the left; (7) In an upright posture, similar to 

posture 1, but with the left leg crossed over the right 

[69] 

Identify the characteristics of perceived 

discomfort and different magnitudes of 

postural shifts during a 4-h sitting period and 

to examine the association between perceived 

discomfort and number of postural shifts at 

different magnitudes 

Rate the perceived body discomfort using 

Borg's CR-10 scale in 10 body regions and 

placement of a seat pressure mat device 

NA 

[47] 

Determine the prevalence of musculoskeletal 

disorder-related issues and to analyze the 

association of pain symptoms with risk factors 

Questionnaire about pain, a flexibility test (sit-

and-reach test) and RULA 
NA 



Pressure-Based Ergonomic Assessment for Sitting Postures 

Silva, Ana Rosa 19 

Article Purpose Method Postures tested 

[56] 

Combine in a single cost-effective solution, 

the monitoring and control of user posture and 

sitting time through an instrumented office 

chair 

Application of 15 sensors in an office chair 

and performance evaluation of the system 

conducted 

(1) Correctly seated; (2) Slouching forward; (3) Slouching forward 

with the hips wrongly positioned; (4) Seat back also with the hips 

wrongly positioned; (5) Leaning on the right side; (6) Leaning to the 

left side 

[70] 

Evaluate the reliability of measures of upper 

body postural behavior during sustained office 

work 

Use of three axial wireless motion sensors for 

1h; Made calculations for 4 Angles (HA – 

Head Angle, TA – Thorax Angle, AA – Arm 

Angle, NA – Neck Angle) of the mean angle 

displacement, cumulative angular travel, angle 

duration, composite upper body posture 

duration (for NA and TA) 

(1) Sitting upright; (2) Sitting looking straight ahead and holding their 

arms to the side, and palms of the hands facing forwards * 

[16] 

Determine the major ergonomic issues, to 

compare the two ergonomic assessment tools 

(RULA and REBA), and to develop a model 

that correlates working condition, work 

posture and computer workstation design with 

their negative effects on musculoskeletal 

system 

CMDQ, REBA (Rapid Entire Body 

Assessment) and RULA 
NA 

[71] 

Determine scapular positioning at rest and 

different anatomical planes, the assessment of 

pain, postural changes and the functionality of 

upper extremity that is caused by the lack of 

ergonomic principles 

RULA, Lateral Scapular Slide Test (LSST), 

The Short Form McGill Pain Questionnaire 

(SF-MPQ), Quick-Disabilities of the Arm, 

Shoulder, and Hand (Q-DASH); Neck 

Disability Index (NDI); Cervical and upper 

thoracic postures with photography 

NA 

[49] 
Identify the prevalence of MSDs and 

ergonomic risks 
The NMQ, RULA and ROSA NA 

NA – Not applicable. 

*Postures adopted to calibrate the equipment. 
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Therefore, considering the methodology used, different authors resorted to questionnaires to 

characterise the population regarding sociodemographic characteristics and job-related 

information. The data collected is related to age, height, weight, Body Mass Index (BMI), marital 

status, education level, dominant hand, involvement in regular weekly sport/physical activities, 

job experience, job schedule, time spent seated, and so on. This way, by asking participants simple 

information regarding their individual and work aspects, it is possible to portray the sample and 

set the population attributes, defining groups that enable data treatment and posterior analysis [16, 

17, 47-49, 51, 54, 63, 66, 69, 71].  

On the other hand, through the application of questionnaires, it is also possible to collect data 

regarding the participants to collect data regarding the participant's perceived discomfort or pain. 

One of the methods available is the NMQ, which covers various body regions, can be applied in 

various occupations and provides a general overview of musculoskeletal issues but lacks in-depth 

details, inquiring about the last 7 days and 12 months [18, 48, 49, 53, 58, 66]. Another is the 

CMDQ, which focuses on discomfort associated with computer-related tasks and provides specific 

information about discomfort caused by job demands. For the last week, ask to detail how many 

times it happened, how uncomfortable it was, and how it affected job performance [16, 17, 47]. 

The MUEQ is designed to evaluate physical workload and discomfort associated with repetitive 

or physically demanding upper extremity tasks and inquires participants about job tasks, physical 

discomfort, and other relevant factors, offering specific insights into upper extremity issues [51]. 

The Borg CR-10 scale to determine perceived discomfort – is helpful, as it is a numerical scale 

that ranges from 0 to 10 for expressing discomfort or exertion that is usually applied to quantify 

intensity [54, 66]. The study conducted by Depreli and Angin [71] used questionnaires different 

from those mentioned above, such as the LSST, to identify scapular dyskinesis or altered scapular 

movement patterns. They also used the SF-MPQ, which describes and measures the quality and 

intensity of pain experienced. The VAS permits a simple and quick way for individuals to rate 

their pain on a graphic scale. Through the Q-DASH, it was possible to measure the functional 

limitations of individuals with upper extremity musculoskeletal conditions, and the NDI measured 

how neck pain affects the everyday life and activities of participants. To assess the ergonomic risk, 

there are different tools available, such as the ROSA [17, 48, 49, 51, 53], which involves a quick 

observational checklist to identify ergonomic risk factors of the workstation in its entirety, the 

RULA [16, 49, 58, 71], that focuses on analysing the posture of workers during tasks that involve 

repetitive movements or sustained periods of upper body activity, and the REBA [16, 59], designed 

to assess the entire body posture of workers during tasks to identify potential ergonomic issues. It 

is also possible to use online tools such as the OSHA eTool evaluation checklist [16]. 

Symptomatology 

Throughout the studies, participants identified common body parts, but the neck was the one being 

referenced by most participants. For example, in the study conducted by Mianehsaz, Tabatabaei 

[17], considering the last seven days before the study, the neck was identified by 67,60% of the 

participants. This information agrees with other studies in the sense that Redivo and Olivier [53] 

had 33,90% reporting symptoms in the same area, as well as 57,20% in the study conducted by 

Singh and Singh [47], and 75,71% in the article published by Chowdhury, Aghazadeh [16] always 
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for the same period. Depreli and Angin [71] used the NDI and discovered that 40,30% reported 

pain problems in this body region. Consequently, even though the methods applied were different, 

the results were similar. Comparing the results obtained for the last 12 months before the study, 

the information was parallel, as 67,10% of the participants of the study developed by 

Motamedzadeh, Jalali [48] also pointed this area, as well as 69,10% in the case of Redivo and 

Olivier [53], 55,20% identified by Mohammadipour, Pourranjbar [49]. The pain felt in this region 

can be explained by the positioning of the monitor that will influence the positioning of the head 

(in some cases, forces the user to look up or down about the line of sight, depending on if it is too 

high or too low), the absence of document holder or headphones. This misplacement or absence 

of work equipment may lead users to extend or bend the neck at inappropriate angles 

compromising their health [49, 51]. Considering the position of the monitor, the ROSA was 

applied by Mianehsaz, Tabatabaei [17], which obtained a score for the Monitor and Phone of 2,22 

± 0,68, Iram, Kashif [51] of obtained 2,98 ± 0,72. In the research conducted by Motamedzadeh, 

Jalali [48], all groups obtained a ROSA Monitor and Phone score of 4,10 ± 0,11 before intervention 

(2 weeks before the study) and 2,75 ± 1,49 after intervention (9 months after the study). Therefore, 

it is possible to presume the cause-effect relation between positioning the different apparatuses 

that compose the office work, particularly the VDT, with the neck. Tahernejad, Razeghi [45] asked 

participants to maintain 17 postures, commonly adopted in offices, for 4 minutes and found that 

participants with a moderate flexion angle in the neck felt the highest discomfort score with an 

MHT (Maximum Holding Time) of 1,61 minutes, in addition, the lowest discomfort score is 

registered in a neutral posture.  

Another body sight that may be jeopardised by the work equipment's poor positioning, particularly 

the mouse's distance to the keyboard, is the shoulder area [51]. Some studies also identify this 

region as one of the most reported regions where participants felt pain or discomfort when 

considering the last seven days before the study, in which 51,60% of the participants evaluated by 

Mohammadipour, Pourranjbar [49] identified it as the main cause of discomfort, 42,00% in the 

study of Iram, Kashif [51], 38,50% of the subjects inquired by Singh and Singh [47], and 27,90% 

of the sample analysed by Redivo and Olivier [53]. This body region is also mentioned in the last 

12-month period before the study, by 57,40% of the inquired by Redivo and Olivier [53] and 

51,60% by Mohammadipour, Pourranjbar [49]. The research conducted by Chowdhury, 

Aghazadeh [16] found that 78,94% and 84,21% of people who had wrong head and neck posture 

and had incorrect arrangement of VDT (Visual Display Unit) reported neck, upper back and 

shoulder pain. These results corroborate the results obtained by Mohammadipour, Pourranjbar 

[49], who found a correlation between the monitor and telephone score in ROSA (position of the 

monitor and telephone) and neck pain among RULA D score (neck angle adopted) with neck pain, 

and RULA C score (shoulder position) and shoulder pain. This means that the posture adopted, 

and consequently, the angle formed between body segments is directly connected to the 

manifestation of MSD symptoms or complaints in the neck [49]. 

The back region, divided into the Lower and Upper back, was also recognised as a cause of 

distress. Considering the last seven days and the lower back region, in the study coordinated by 

Chowdhury, Aghazadeh [16] 64,00% of participants identified this region, as well as 46,2% in the 
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research developed by Singh and Singh [47], 13,20% by Redivo and Olivier [53], and 59,50% in 

the case of Mianehsaz, Tabatabaei [17]. Mianehsaz, Tabatabaei [17] also identify the upper back, 

mentioned by 55,00% of the subjects and in the study of  Redivo and Olivier [53], 16,20%. 

Considering the last 12 months and the lower back region, 64,40% of the participants of the 

research conducted by Motamedzadeh, Jalali [48] reported symptoms in this region and 41,20% 

in the case of Redivo and Olivier [53]. Considering the upper back region, 72,40% of the 

participants in the experiment led by Mohammadipour, Pourranjbar [49] reported pain or 

discomfort, as well as 63,00% in the case of Motamedzadeh, Jalali [48], and 39,10% in case of 

Redivo and Olivier [53]. The back region can be affected by many aspects of the workplace, and 

through the application of the ROSA method and Mohammadipour, Pourranjbar [49] found a 

positive correlation between MSDs in the upper and lower back and the monitor score. Pain or 

discomfort in the lower back region also correlates with the ROSA chair and RULA D score [49]. 

Accordingly, the back region is directly connected to the trunk's angle to maintain a certain 

position. Tahernejad, Razeghi [45] found that the highest discomfort score reported by subjects 

was registered for moderate forward trunk inclination (30°) with an MHT of 1,78 minutes and the 

lower discomfort score when the trunk is supported in a backward position, with a recommended 

MHT of 5,92 min. The MHT recommended for this position was higher than recommended for a 

neutral trunk or upright sitting postures. Considering the middle trunk, assuming a neutral posture 

and mild forward inclination (15°), the results were similar regarding discomfort score, and the 

MHT was 2,55 minutes and 2,53 minutes, respectively.  

In the office world, employees often adopt awkward postures because many need the proper 

equipment, such as appropriate chairs with adjustable height, seat depth and armrests, and tables 

with sufficient space to accommodate all the material while respecting the reaching zone. This 

forces the user to adopt unhealthy postures, which are impossible to maintain in time. Another 

case scenario is that, in some cases, employees do not possess the knowledge to set the equipment 

correctly and do not know how to position the equipment in a self-beneficiary way. Therefore, 

workers should be given the tools and the knowledge to set the workstation most ergonomically 

and be the first agent in preventing MSDs related to office work [48, 49, 51]. 

Pressure Sensor 

Another way to prevent the appearance of MSDs among office workers and avoid pain or 

discomfort symptoms is to develop a system that automatically detects the user posture to assist 

them in the decision process of the posture to adopt. As such, Tavares, Silva [56] placed 15 

analogue sensors (four load cells on the seat for pressure monitoring, four FSR on the backrest for 

pressure monitoring, one accelerometer for rate monitoring, one body temperature sensor, and five 

other environmental sensors) in a chair, and tested six commonly adopted office postures. He 

found that the sensors could predict user position with 100 % confidence considering their position 

and performance, were able to cover users with different characteristics in terms of height and 

weight, the accelerometer gave, to some extent, higher values than the reference sensor with a 

detected error of 18%.  

Pereira and Plácido da Silva [57] used Sitting Posture Monitoring Systems (SPMS) 3 load cells in 

a triangular configuration and conductive nappa electrodes to monitor heart rate through an ECG 
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signal. They tested eight common office postures for 1 minute. Considering the first six postures, 

the classification model had an excellent performance in the metrics evaluated, over 97,40%, and 

could predict the five postures proposed without significant differences between accuracy in the 

test dataset and the validation accuracy. Considering the eight postures, it had a decreased overall 

accuracy compared to the validation accuracy because of the misclassification of the 7th and 8th 

positions and the 1st and 2nd positions. However, the k-NN (k-Nearest Neighbour) models still 

presented an accuracy of 85,80% to 87,60%, depending on the number of neighbours considered. 

The observation is underscored by the ECG segmentation's above-average performance and 

accuracy rates, which exceeded 90% and 85%, respectively, proving to be a reliable system for 

predicting postures and measuring heart rate.  

Tavares, Silva [62] tried a different approach and placed 4 Plastic optical fibre (POF) pressure 

sensors (one in the right and one in the left ischial tuberosities, and one in the right and other in 

the left thigh) and guess five positions. It could predict with 96,60% accuracy positions 1, 3, 4 and 

5. It couldn’t indicate posture 2 because it is an intermediate between 1 and 3, which becomes 

difficult to predict with sensors in the chair pan alone. Nonetheless, it proposes an excellent 

alternative to other sensors in the market since it is a simple and low-cost system with lower 

complexity and high efficiency.  

Luna-Perejon, Montes-Sanchez [68] studied the possibility of placing 6 FSRs (force-sensitive 

resistors) in a chair pan, tested seven postures for 15 seconds each, and used an ANN-Based 

Machine Learning Classifier. The results show that the model's low complexity enables integration 

into embedded systems and real-time execution, and, among the developed techniques, it features 

the fewest sensors yet maintains an 81% effectiveness in classifying seven distinct positions. As 

with other sensors, this one also has limitations in distinguishing between an upright position and 

one with the back not resting on the backrest.  

In the study conducted by Jeong and Park [65], 12 pressure and 12 distance sensors were placed 

in a chair (on the chair pan and back, respectively) and used the k-NN model as SPMS to test 11 

positions for 10 seconds, in a mixed system. When considering the pressure sensors alone, the 

overall accuracy was 59,00%, the distance sensors were 82%, and the pressure and distance sensors 

were 92%. Therefore, the higher performance possible for this system is when the two types of 

sensors are contemplated, as they permit insight into the user distance from the chair back, which 

is presented as a limitation in the studies previously mentioned.  

In the research developed by Anwary, Cetinkaya [67], six pressure sensors (one in the right, 

another in the left shoulder, one for the right, another for the left lower back, and one right other 

for the left thigh) integrated into a smart cover to assess three postures with different levels of 

asymmetry, 10 minutes each. Therefore, they concluded that the average pressure is equally 

distributed through all locations for the first posture (normal sitting posture). In the second posture 

(moderate asymmetry), subjects adopt a seated position where their right leg is crossed over the 

left knee, resulting in higher sitting pressure on the left side and for the third position (severe 

asymmetry), subjects sit in a posture leaning predominantly to the right side, with their right leg 

crossed over the left knee, so the majority of the sitting pressure is concentrated on the left side. 

There is minimal pressure on the right side. The goal was to develop a fuzzy rule-based system 
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that takes input from four inputs and outputs one result, categorising the asymmetry level (mild, 

moderate, or severe). It considered the mild asymmetry ranges from ±0∼25% with an MHT of 15 

min, the moderate asymmetry ranges from ±26∼65 % with an MHT of 10 min, and the severe 

asymmetry ranges from ±66∼100 % with a maximum sitting time of 5 min.  

Arippa, Nguyen [63] used a pressure mat to quantify seat pan pressure and trunk sway parameters 

over time to analyse prolonged siting. The results indicate that time contributed to increased 

perceived discomfort and time, with a notable impact on the buttock area. Analysing the patterns 

of movement over time, the EC (ellipse’s centroid) shifted in a forward direction over time 

(statistically significant differences from baseline after 42.5 min), the maximum displacements of 

COP (centre of pressure) in the AP (anteroposterior) direction were also negatively correlated with 

time as the ICMs (number of in chair movements). In the gluteus region, the average pressure 

values significantly decreased over time (higher than baseline after 117.5 min of sitting). 

Meanwhile, mean pressure values in the thigh region significantly increased over time (higher than 

baseline after 57.5 min of sitting). 

Consequently, more important than adopting the correct posture, it is also important to maintain it 

for the right period. This aspect is demonstrated by Arippa, Nguyen [63] by comparing two groups: 

one that changed at least once during the trial period (stand up or change position) and another that 

presented postural shifts. Results indicate a significant effect of the group on subjective discomfort 

ratings of the sitting bones and edge of the seat. No differences were reported between groups in 

MP (Mean Contact Pressure). Despite differences in trends over time for overall and partial MP, 

the overall MP was found to significantly increase for prolongers, while no significant trend was 

found in the case of breakers. Making the correlation between the patterns of movement and 

perceived discomfort, significant associations were found between MP and sitting bones and 

overall discomfort for prolongers. At the same time, breakers showed significant negative 

associations between sitting, bone discomfort and SP (sway path) and positive relationships 

between discomfort in the buttock area and MP in the thigh region. Although the results of the 

study conducted by Waongenngarm, van der Beek [66] and Akkarakittichoke, Waongenngarm 

[54], that proposed and evaluated an ergonomic intervention with a 6 to 12-month follow-up, 

respectively, show that by adopting healthier work behaviours, specifically active breaks and 

postural shifts shortened recovery time for two months in the case of the group that did not receive 

ergonomic intervention and of 1 month to the other group, as they can reduced recurrent pain rate 

by 65–78% in comparison with the group without intervention, reduction of individuals reporting 

neck or lower back pain, in case of the 12 month follow up. 

Through the research conduct, the study of the ergonomic conditions present in offices arises, as 

it is a work field where participants are proposed to perform awkward sitting postures due to the 

job characteristics that are often maintained for extended periods and can aggravate the risk of 

developing MSDs symptoms of diseases, particularly in the neck, back region, and upper  [16, 17, 

45, 48, 51, 53, 54, 58, 59, 61]. A solution that comprises both a prevention and action system, able 

to predict the user position and send alerts or make corrections, is an appealing alternative in the 

office context, as it intends to relate the angles adopted and the pressure exerted to maintain a 
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particular posture, possible through the application of different types of sensors and using other 

methods [56, 57, 61-65, 67-70]. 

2.5 Ergonomic Risk Assessment Methods Available for Office Work 

To prevent work-related MSDs and promote a healthy work environment, several legal documents 

should be enforced and considered. Therefore, to prevent and detect early risk evidence of 

damaging factors, applying risk assessment methods takes on an extreme priority [72, 73]. These 

risk assessment methods are under four different categories: subjective decision, systematic 

examination, direct measurement and through digital human modelling (DHM) [72, 74-76], as 

presented in Figure 5. 

 

Figure 5 – Ergonomic Risk Assessment Methods. 

2.5.1 Legal and Regulatory Framework 

Considering the job performed at an office, several legal documents can be consulted. As such, the 

established in Law No. 7/2009, of February 12th, must be obliged as it sets the primary legislation 

governing employment relationships in Portugal. It covers various aspects of employment, 

including contracts, working hours, leave, termination, and other aspects of work [77]. There is 

also Law No. 102/2009, which establishes regulations for promoting safety and health in the 

workplace by Article 284 of the Labour Code, as approved by Law No. 7/2009 of February 12th, 

with subsequent amendments by Law No. 42/2012 of August 28th, and altered for the second time 

by Law No. 3/2014, of January 28th [78]. Considering Decree-Law No. 243/86, of August 20th, the 

general regulation for hygiene and occupational safety in commercial, office, and service 

establishments can be consulted and must be applied [79]. 

Considering workplaces, there is Decree-Law No. 347/93 of October 1st, which transposes into the 

domestic legal order Directive 89/654/EEC of the Council, dated November 30th, concerning 

minimum safety and health requirements for the workplace [80]. In Law No. 113/99 of August 3rd, 

the general regime of labour infractions, through the definition and classification of infractions 

related to the breach of specific legislation on safety, hygiene, and health at work in certain sectors 

of activities or certain professional risks are defined [81]. Through Ordinance No. 987/93 of 

October 6th, the minimum safety and health requirements for workplaces are established [82]. 
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When considering all work equipment, Decree-Law No. 50/2005, of February 25th, transposes into 

the domestic legal order Directive 2001/45/EC of the European Parliament and of the Council, 

dated June 27th, concerning the minimum safety and health requirements for the use of work 

equipment by workers, and repeals Decree-Law No. 82/99, of March 16th [83]. When considering 

equipment equipped with a display screen, Decree-Law No. 349/93, of October 1st, transposes into 

the domestic legal order Directive 90/270/EEC of the Council, dated May 29th, concerning 

minimum safety and health requirements for work with display screen equipment [84]. In 

Ordinance No. 989/93 of October 6th, the minimum safety and health requirements for work with 

display screen equipment are defined by [85]. 

2.5.2 Subjective Decision Methods 

As such, the subjective decision methods correspond to the individual perception of the employee 

through a self-rated exposure analysed via interviews, questionnaires, or journals. Therefore, this 

represents a low-cost alternative, as it requires few resources (pen, paper, computer, etc.). 

Participants are asked different questions, which are analysed based on established parameters or 

guidelines [72]. There are several online methods available, such as: 

• OSHA Computer Workstations: Provided by the U.S. OSHA, this online tool guides users 

through a series of questions to assess the computer workstation setup and provide 

recommendations for enhancements [43]; 

• Washington State Ergonomics Checklist: developed by the Washington State Department 

of Labour and Industries, this checklist covers various aspects of office ergonomics, 

including computer setup, chair and desk adjustments, lighting, and more [86]; 

• Cornell University Ergonomics Web: Cornell University offers an interactive online 

assessment tool that helps users evaluate their computer workstation, chair, and 

accessories. It provides personalised suggestions for adjustments [87]; 

• HSE Workstation Checklist: Provided by the Health and Safety Executive (HSE) in the 

UK, this checklist covers factors such as chair adjustability, monitor placement, keyboard 

use, and so on [88]. 

On the other hand, there are also available methods that do not seek to prevent the appearance of 

MSDs because they do not identify the risk factors but allow the classification of individual 

discomfort or pain related to work, such as: 

• The NMQ is a widely used tool for assessing musculoskeletal discomfort and symptoms 

among workers, designed to identify and quantify the prevalence of musculoskeletal issues 

in different body regions, especially those related to repetitive or physically demanding 

work. The questionnaire typically consists of a series of questions that inquire about 

discomfort, pain, or other symptoms experienced by individuals in specific body regions 

(e.g., neck, shoulders, back, wrists) over a defined period, last twelve months or seven days 

[89]; 
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• The CMDQ: similar to the NMQ, the CMDQ aims to identify and quantify the prevalence 

of musculoskeletal issues, but it often includes more detailed questions about specific tasks, 

postures, and ergonomic factors that might contribute to discomfort through a series of 

questions that inquire about discomfort, pain, or other symptoms experienced by 

individuals in various body regions, inquiring about the frequency of symptoms, the tasks 

or activities that trigger the discomfort, and any perceived ergonomic risk factors [90]; 

• 10-point Borg CR10 rating scale: used to assess an individual perceived exertion or effort 

during physical different activities, that provides a simple and reliable method for 

individuals to rate their perceived exertion during specific actions, from 0 to 10, with 

corresponding verbal descriptors [91]. 

2.5.3 Systematic Examination Methods 

Considering systematic examination methods, it is possible to perform a methodical risk 

evaluation based on observations and exposure assessment employing a checklist-oriented 

approach. Usually conducted by an ergonomic expert, this assessment entails rating exposure 

levels for various risk factors. This means that following a predefined checklist with pre-

established exposure levels, it is possible to quantify the risk via an overall score and compare it 

with the defined risk levels. Accordingly, there are different methods available: 

• REBA: assesses the postures and movements of workers to identify ergonomic risks 

associated with musculoskeletal disorders. It provides a systematic approach to evaluating 

office tasks and suggesting corrective actions [92]; 

• RULA: like REBA, RULA focuses on upper limb and neck postures during office tasks. It 

evaluates risk factors related to posture and recommends interventions to reduce 

discomfort and strain [93]; 

• ROSA: is a tool that aims to identify potential ergonomic issues related to computer 

workstation setup and tasks commonly performed in office settings, typically involving a 

quick observational assessment that considers various factors contributing to ergonomic 

strain (workstation setup, keyboard, and mouse usage, monitor placement, chair 

adjustability, and more) [94]; 

• Strain Index: evaluates the physical demands of tasks by considering factors such as force, 

frequency, and duration of activities, helping to assess the risk of musculoskeletal disorders 

[95]; 

• Occupational Repetitive Actions (OCRA) Checklist: a method designed to assess the risk 

of repetitive movements and postures, useful for office tasks involving data entry, typing, 

and other repetitive actions [96, 97]; 

2.5.4 Direct Measurement Methods 

Direct or direct observation methods entail a measurement result from a mechanical or electronic 

apparatus. This presents a low-cost and efficient analysis method in which the results represent 



 

28 Theoretical Foundation 

actual worker conditions and state values. These methods are valuable for assessing ergonomic 

factors such as biomechanics, anthropometrics, physiological responses, and physical work 

environments [72, 98-101]. Therefore, through these methods, it is possible to establish a 

relationship between the level of exposure and the response of individuals and predict the risk level 

category [72]. Thus, there are different methods available, such as: 

• Anthropometry: ergonomic office assessment with data about the physical dimensions of 

individuals that help in designing workstations, furniture, and equipment that 

accommodate a diverse range of body sizes and shapes, reducing the risk of discomfort 

and injury [102]; 

• Inclinometers: measure angles and orientations, used to assess joint angles and body 

postures during work tasks, helping to evaluate the risk of awkward postures and 

recommend adjustments [101, 103]; 

• Electromyography (EMG): used to measure electrical activity in muscles during physical 

tasks, helping to identify muscle fatigue, workload, and muscle imbalances, which are 

essential for understanding the demands of a job and designing interventions to reduce 

strain [101]; 

• Force Sensors: can measure the forces applied by workers when interacting with tools or 

equipment, crucial for assessing the strength required for tasks, helping design ergonomic 

tools and workstations that minimise excessive force, such as load cells or strain gauges 

[99]; 

• Pressure Mapping: applied to measure pressure distribution on seating surfaces, essential 

for designing ergonomic chairs and seats to prevent pressure sores and improve comfort 

[104]; 

• Motion Capture Systems: It uses cameras and sensors to record workers' movement in 3D 

space, assists in analysing body movements and postures during tasks, and provides 

insights into ergonomic improvements, which are especially useful for studying complex 

movements or tasks [105]. 

2.5.5 Digital Human Modelling (DHM) Methods 

DHM is a field of ergonomics that involves creating computer-based representations of the human 

body and its movements. DHM methods use computer simulations to evaluate and optimise the 

ergonomic design of products, workstations, and environments. These methods are valuable for 

assessing posture, reach, visibility, and accessibility. By simulating and visualising human work, 

DHM tools facilitate the modelling and evaluating aspects such as anthropometry, forces, 

movements, and muscular exertion. This enables quick and effective virtual testing and 

comparison of alternative product and workstation design ideas. In biomechanical risk assessment, 

commonly used risk assessment methods are typically integrated into these tools. Consequently, 

physical and ergonomic conditions can be objectively confirmed and assessed from the initial 

design stage and continuously throughout the product development. This material serves as a 
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foundation for decision-making, enabling proactive solutions to address ergonomic concerns [72, 

98, 106-109] .  
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3 PROBLEM STATEMENT AND STUDY GOALS 

In contemporary work environments, sedentary activities prevail, as individuals spend prolonged 

hours seated. This leads to an increased risk of developing a musculoskeletal disorder or other 

health issues. While ergonomic interventions are critical in addressing these concerns, current 

assessment methodologies often need more precision in understanding the dynamic impact of 

sitting postures on the human body. As such, the existing ergonomic assessment methods mostly 

focus on static analyses of sitting postures, neglecting the dynamic interplay of pressure 

distribution on the body during extended periods of sitting. A comprehensive and integrated 

pressure-based assessment framework needs to improve our ability to evaluate the ergonomic 

implications of diverse sitting postures holistically. 

Consequently, there is a pressing need to develop an advanced methodology incorporating 

pressure dynamics for a nuanced understanding of the relationship between sitting postures and 

musculoskeletal well-being. This type of methodology becomes essential in a world where the 

global workforce increasingly adopts sedentary work practices, and the repercussions of 

inadequate sitting postures on health have become more pronounced. This research holds 

significant implications for occupational health and ergonomic assessment fields.  

The study aims to develop a methodology for analysing the ergonomic risk associated with the 

sitting position. By bridging the gap between pressure-based assessments and ergonomic design, 

this thesis aspires to pave the way for innovative solutions that address the multifaceted challenges 

associated with postures adopted in office work. 

Consequently, the present study proposes to: 

1. Collect information about musculoskeletal symptoms in the office population: Gather 

information about participant characteristics; 

2. Use Ergonomic Risk Assessment Tools to characterise the risk level: Evaluate the 

workstations considering ergonomic risk analysis available for the specific context; 

3. Develop a Comprehensive Pressure-Based Ergonomic Assessment Framework: Create a 

robust framework that integrates pressure-based data to assess sitting postures, considering 

factors such as load distribution, pressure points, and their implications for musculoskeletal 

health; 

4. Identify Sitting Postures using a Pressure Sensor: Identify sitting postures through 

pressure-based ergonomic assessments; 

5. Explore Pressure Metrics for Postural Analysis: Research and establish a set of pressure 

metrics that can effectively quantify the impact of different sitting postures, providing 

insights into the distribution of pressure on various body regions; 

6. Investigate the Relationship Between Postures and Musculoskeletal Health: Conduct in-

depth research to understand the correlation between postures adopted while sitting and the 

occurrence of musculoskeletal issues, providing valuable insights for preventive strategies 

and interventions. 
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4 MATERIALS AND METHODS 

The present chapter serves as the cornerstone for the empirical foundation of the research, 

providing a comprehensive overview of the tools, techniques, and procedures employed in the 

investigation. This section is pivotal in offering transparency and reproducibility to the study, as 

it outlines the systematic approach taken to address the research questions and achieve the 

objectives set. 

4.1 Study Design and Participants 

The following analysis counted 20 participants working in an open-space office. No limitations 

were imposed considering gender, age, height, and weight. The study occurred between August 

21st and October 22nd in an open-space office, presented in Figure 6. All participants agreed to 

informed consent before participating, and the study's objectives were explained. Regarding the 

informed consent, all participants were informed that the information was confidential and only 

the research team had access to the detract information. Participation was voluntary, and 

participants were required to work in an office and stay seated for at least 4 hours of the workday. 

No limitations were imposed on the job experience, although the results were organised 

considering this factor.  

 

Figure 6 – Open Space Layout (not to scale); Legend: C – Column; WD – Work Desk; W – Window. 

4.2 Workstation Characteristics 

As stated before, and as presented in Figure 6, the work environment is in an open space, and all 

workstations have the same characteristics, amounting to 35 workstations. The workstation 

consists in: 

• Work desk – with the dimensions presented in Figure 7; 
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Figure 7 – Dimensions of the office desk. 

• Chair – with the dimensions presented in Figure 8; 

 

Figure 8 – Dimensions of the office chair. 

• Monitor – 0,61 m x 0,17 m x 0,51 m (length x width x height) or 0,62 m x (0,38 to 0,53 m) 

x 0,23 m (width x height x length); 

• Keyboard – 0,43 m x 0,15 m (length x width) or 0,43 m x 0,12 m (length x width); 

• Mouse – 0,11 m x 0,06 m (length x width) or 0,11 m x 0,04 m (length x width); 

• Small cabinet with three drawers under the left side of the desk – 0,57 m x 0,40 m x 0,54 

m (length x width x height). 

Nonetheless, some workstations have two or three monitors, and some also have a laptop on the 

desk. For each desk island, there is a landline phone. Desk 35, referred to as WD 35, has a landline 

of its own, a small cabinet with three drawers on the right edge and a cabinet with four drawers 

and open storage space on the left edge. 

4.3 Data Collection Methods 

To accomplish the proposed in the following dissertation, the following tools and methods were 

applied, specifically Subjective and Objective Methods. 

4.3.1 Sociodemographic Questionnaire 

To collect the sociodemographic data of the participants, a Google Forms questionnaire was 

distributed to facilitate the data treatment, as it is possible to characterise the sample population 

[45, 48, 54, 59, 66]. Information regarding gender, age, height, weight, marital status, education 

level, work experience, the average hours spent seated, personal perception of chair comfort, 

history of musculoskeletal disorders, and involvement in weekly physical activities were collected. 

This questionnaire included information regarding the Informed Consent and the study's 
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objectives, purposes, and stages. Intelligence regarding the participants' first and last names, 

heights, and weights was also collected. This questionnaire was developed in Portuguese and 

English. It consists of 14 questions with a given answer:  

1. “Do you accept the Informed Consent?” – “Yes” or “No”; 

2. “First and last name” – Open answer; 

3. “Date” – Calendar; 

4. “Sex” – “Female”, “Male” or “Other”; 

5. “Age” – Open answer; 

6. “Height (cm)” – Open answer; 

7. “Weight (Kg)” – Open answer; 

8. “Marital status” – “Single, “Married”, “Divorced”, or “Widow”; 

9. “Education level” – “12th Grade”, “Bachelor's Degree”, “Master's Degree”, or “PhD”; 

10. “How long have you worked in an Office?” – “Less than 1 year”, “1 to 3 years”, “3 to 5 years”, 

“5 to 10 years”, or “More than 10 years”; 

11. “On average, how many hours a day do you spend seated in your office?” – “Less than 1 hour”, 

“1 to 3 hours”, “3 to 5 hours”, “5 to 7 hours”, or “More than 7 hours”; 

12. “Do you consider your chair comfortable?” – “Yes” or “No” 

13. “Do you have any diagnosed musculoskeletal disease?”; 

13.1. “If you answered "yes" in the previous question, please state which.” – Open 

answer; 

14. “On average, how many hours a week do you enrol in physical activities?” – “None”, “1 to 3 

hours”, “3 to 5 hours”, “5 to 10 hours”, or “More than 10 hours”. 

4.3.2 The Nordic Musculoskeletal Questionnaire 

To assess the musculoskeletal complaints of the participants, validated by Mesquita et al. (2010), 

the Portuguese version of The Nordic Questionnaire paper was filled [110]. Therefore, it was 

possible to understand if participants felt any pain or discomfort in any region of the body at 

different moments in time (last 12 months and last 7 days) and if, in the previous 12 months, they 

needed to cease any habitual activity due to pain or discomfort. It inquires about the history of the 

experience of musculoskeletal diseases or disorders felt in twelve body sites (neck, shoulders, 

elbows, wrists, hands, upper back, lower back, hips, thighs, knees, ankles and feet).  

This is a questionnaire in which the answer consists of a “yes” or “no” hypothesis. If participants 

answer “yes” in any of the moments, they should rate the intensity of the pain on a scale between 

0 (nothing) and 10 (incapacitating pain) [49, 89]. The questionnaire instructions were given in 

advance.  
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4.3.3 Rapid Office Strain Assessment (ROSA) 

Through the ROSA method, it is possible to quantify risks related to office work. Following the 

given checklist, different levels of intervention can be defined, considering the equipment involved 

in office work (chair, monitor, telephone, keyboard, and mouse) and awarding a score to each of 

them. It is composed of Section A (seat pan height and depth scores combined with the armrest 

and back support scores), Section B (phone score combined with monitor score), Section C (mouse 

score combined with keyboard score), Monitor and Peripherals Score (Section B combined with 

Section C), and the Grand Score (Section A combined with Monitor and Peripherals Score). The 

Grand Score range goes from 1 to 10, in which scores of 1 to 3 are considered acceptable and there 

is no need for intervention, 4 to 5 represent a moderate risk, and 6 to 10 need immediate 

intervention. Therefore, it is possible to establish priorities and a hierarchical intervention of office 

work conditions [17, 53, 94].  

This analysis was conducted using a Canon PowerShot SX30 IS placed on a tripod set to 0,64 m 

from the floor at 1,02 m to the participant chair. Two photographs (on the left and right side of the 

chair) were taken at four different moments for each participant, at a random hour of the workday, 

so they weren’t aware of the time it would be taken. The method was applied by analysing the 

photos taken at four different moments. After collecting the necessary data for each participant 

and applying the method, the postures adopted were classified considering two parameters: the 

most damaging postures and the most adopted postures. 

4.3.4 ISO 11226:2000 

The ISO 11226:2000 is related to the field of ergonomics and provides guidelines for the 

evaluation of static working postures, helping to assess ergonomic risk factors related to prolonged 

or repetitive tasks that involve maintaining a fixed body posture, outlining methodologies that 

contemplate the measurement of joint angles, body part distances, and other relevant ergonomic 

parameters. The goal is to evaluate and minimise the risk of awkward or uncomfortable postures 

in work environments maintained for extended periods of time without variations [111]. It is a 

checklist that allows the investigator to assess trunk, head, upper extremity, and lower extremity 

postures [52]. The assessment process examines various body segments and joints separately, 

either in a single or a dual-phase approach. In the initial phase, the analysis predominantly relies 

on body angles, with the suggestions primarily concentrated on the potential hazards related to 

overloading passive body structures such as ligaments, cartilage, and intervertebral disks. The 

assessment can yield one of three conclusions: "acceptable" when the working posture is 

satisfactory, and there are variations of posture, "proceed to step 2" when the duration of the 

working posture also needs to be considered, or "not recommended" when there are extreme 

positions of the joints. It has a posture assessment section for 1) the trunk, 2) the head, 3) the upper 

extremity, divided in 3.1) the shoulder and upper arm, 3.2) the forearm and hand, and 4) the lower 

extremity. Different movements are analysed depending on the body part. The moment 

contemplated for the trunk region is presented in Figure 9, for the head in Figure 10, for the 
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shoulder and upper arm in Figure 11, for the forearm and wrist in Figure 12, and for the lower 

extremity in Figure 13 [52]. 

 
 

Figure 9 – Trunk Movement. Figure 10 – Head Movement. 

 

 

 

Figure 11 – Forearm and wrist movement. Figure 12 – Shoulder and upper arm movement. 

 

 

 

Figure 13 –Lower extremity movement.  

4.3.5 Selected Postures  

Through the analysis of the information gathered from the literature review presented in 

subchapter 2.5, the postures to be performed by the study sample were chosen, as presented in 

Table 4, as they are the most common postures to be adopted by office workers [45, 56, 57, 59, 

62, 64, 65, 67, 68]. These kinds of postures, when adopted, may represent an ergonomic risk for 

the workers, in which different body regions may be affected. This happens as, except for posture 

1, all postures represent awkward sitting postures, as in some cases, the user needs full back 
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support or an appropriate back angle. In others, it has an asymmetric trunk posture, and in others, 

it is performing movements that can cause a cut of the blood flow, particularly in the leg region. 

Table 4 – Postures performed by participants. 

Number Postures Defined 

1 
Upright posture, back supported by the chair's backrest, and buttocks placed at the rear of the seat [45, 

56, 57, 62, 65, 67, 68] 

2 
Reclined position, upper back resting on the chair's back, and buttocks on the front part of the seat [45, 

64, 68] 

3 Torso bent forward, lower back in the chair’s back [45, 57, 64, 68] 

4 Torso bent forward, back completely detached from the backrest [45, 62, 64, 65, 67] 

5 Torso inclined laterally to the right, armrest providing partial support of the weight [45, 56, 57, 67, 68] 

6 Torso inclined laterally to the left, armrest providing partial support of the weight [45, 56, 57, 68] 

7 Upright posture, with right leg crossed over left [45, 59, 64, 68] 

8 Upright posture, with left leg crossed over right [45, 59, 64, 68] 

9 Sitting on the middle of the seat [45, 65] 

10 Sitting on the front edge with elbows resting on the table [45, 65] 

The setup was assembled in one of the work desks of the open space, composed of one desk, a 

laptop, one, two or three monitors (that might or might not be used, depending on the participant), 

and the setup chair in order to be as close to the office reality as possible. In the case of participant 

identified as WD 20, WD 23, WD 28, and WD 35, the monitoring was performed at their one desk, 

assuring the conditions were equivalent and maintained even though the setup was different. The 

assessment of pressure and the angles registered in each position were collected using other 

equipment, but the retrieval of the data generated by each one was recorded simultaneously. Prior 

to the monitoring, the instructions and the procedure were explained. The participant was 

instructed to sit in the setup chair and adapt its height, and the height of the armrests and positions 

were described. While performing the postures, I was asked to maintain a right angle between the 

thigh and shin connection. Each one was maintained for 2 minutes to allow participants to 

decompress and adopt a relaxed position of the muscles. In between postures, there was a 30-

second rest period. The postures performed are presented in Figure 14 and the experiment setup.  
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Figure 14 – Example of a participant performing the different postures and the experiment setup. 

Three risk categories were established to characterise the postures adopted based on the ergonomic 

risk they present: Acceptable, Acceptable depending on the time, and Not recommended, with 

colour code shown in Table 5. After compiling all the results of the present study, the postures 

were classified into one of the risk levels mentioned. Although the time factor is also essential and 

not contemplated in this study, an appreciation regarding the MHT for each posture will also be 

considered, incorporating the risk associated with prolonged sitting. 

Table 5 – Posture risk classification levels. 

Posture Risk Classification Colour Code 

Acceptable  

Acceptable depending on the time  

Not Recommended  

4.3.6 Motion Capture System 

To capture the different angles and to fully assess the postures presented in Table 4, the Xsens was 

used as it provides a full-body motion capture system (Xsens Technologies B.V., Enschede, 

Netherlands) with inertial measurement units held tightly to the body with rubberised straps [112-

114]. Therefore, it is used to capture and analyse the movements and postures of individuals during 

various tasks, assessing workstations, tools, or products. This technology provides detailed data 

on joint angles, body movements, and the timing of movements. It is also applied in virtual reality 

(VR) and augmented reality (AR) environments to simulate and assess ergonomic conditions, 

useful for designing and testing products and workspaces virtually before physical prototypes are 

built, enabling designers to analyse how different setups affect body movements and identify 

improvements to minimise strain and discomfort. This means that the data is treated to assess the 

biomechanical aspects of work-related aspects, movements or postures that may lead to discomfort 

or injury by evaluating how they affect body segments and postures. It offers various motion 
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capture solutions, including wearable sensors and full-body motion capture systems. These 

systems are versatile and adaptable for various ergonomic assessments and research applications 

[115-118]. This equipment is directed by a coordinated system composed of Z, X, and Y, which 

are the origins of the human body. The Z (blue) vector represents a vector pointing up, the X (red) 

points to the local magnetic north, and the Y (green) points west (according to the right-handed 

coordinate system), as presented in Figure 15. 

 

Figure 15 – Xsens coordinate system [119]. 

Using Velcro stripes and an Xsens-specific t-shirt, seventeen sensors were attached to the 

participants, as represented in Figure 16. As such, the sensors are placed: one in the head, one in 

the stern, one in each shoulder, one in each upper arm, one in each lower arm, one in each hand, 

one in the pelvis, one in each tight, one in each shin, and one in each foot. Before starting the 

monitoring, each participant's shoe length and height were introduced into Xsens MVN 2023.2 

software and saved on the computer. After the connection was established, participants were asked 

to perform the calibration process: 1) find the start position; 2) hold the pose for 4 seconds (looking 

straight ahead, arms parallel to the trunk, legs slightly separated and feet forward); 3) walk around 

for 15 seconds; 4) wait for processing for a maximum of 60 seconds; and 5) stand still for a 

maximum of 8 seconds. As referenced above, the postures were maintained for 2 minutes, and in 

this case, the last 15 to 30 seconds (240 frames per second) were recorded using the “recording 

button” of the software toolbar to start and end it. Before extraction, all trials were reprocessed in 

the Xsens software. Each participant exported An Excel file per posture, making ten files each. 

 

Figure 16 – Xsens setup and location of the dots. 
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4.3.7 Pressure Sensor  

To assess the pressure produced by each posture adopted by the participants, the Tactilus matrix-

based tactile surface sensor (Tactilus®, New York, NY, USA) was used. It is an "electronic skin" 

that records and interprets pressure distribution and magnitude between two contacting or mating 

surfaces and assimilates the collected data into a Windows® tool kit [120, 121]. Tactilus systems 

use an array of tiny pressure-sensing points to measure and visualise pressure distribution on a 

surface, used to study pressure points, forces, and contact areas. The sensors can be placed on 

seats, mattresses, or other surfaces to create pressure maps, which help assess how body weight is 

distributed when individuals are seated. This information can enhance comfort and prevent 

pressure sores, reducing pressure on key areas of the body and minimising the risk of 

musculoskeletal discomfort [122-124]. 

The pressure mat was placed in a chair, as presented in Figure 17. It was placed in the chair pan 

and taped using specific adhesive tape to ensure the mat did not move in the chair between subjects 

or postures. The mat was 0,45 m x 0,45 m. It has 32 x 32 sensors distributed equally through the 

mat. The total area of the mat was 0,20 m2, and each sensor had 0,0019 m2.  

 

Figure 17 – Setup of the Pressure Mat on the office chair. 

It is necessary to connect a USB cable to a computer to establish the connection between the 

pressure mat and the computer. Using Tactilus 8.1 software, the pressure and the dimension units 

were defined to Pascal (Pa) and centimetres (cm), respectively. The number of frames per second 

(FPS) was defined as 1, which means it records one frame per second. The recording started by 

pressing the “recording button” in the toolbar and ended by pressing the same button after 2 

minutes. A .txt file was exported per participant performing the given posture, selected to compile 

the recorded frames into 15-second segments and the option to extract the values of the average 

pressure registered, as well as the maximum and minimum value, the centre of pressure in X and 

Y, and the contact area (cm2) was also selected. The last 15-second segment of the posture 

performed by the attendee was later converted and introduced into an Excel file. 
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4.4 Data Analysis Methods 

The following procedures were adopted to examine the data collected by the above methods, 

considering the Subjective and Objective Methods stated in the previous subchapter. 

4.4.1 Sociodemographic Questionnaire 

The data exported from the Google Forms questionnaire, in list form, was prepared considering 

the answers given by each participant to each of the 14 questions. An Excel file was programmed 

to quantify each response mentioned in subchapter 3.4.1. 

Different calculations were applied to the variables, including age, height, and weight. Descriptive 

statistics were applied, and the average (A), standard deviation (SD), maximum (Max), and 

minimum (Min) were calculated. For the remaining answers, data was counted considering the 

number of participants that selected each option, and the percentage of each one was determined. 

4.4.2 The Nordic Musculoskeletal Questionnaire 

The data of each participant, initially on paper, was introduced in an Excel sheet identifying the 

participant and the sex. The results were organised by counting the number of participants that 

answered “yes” or “no” on the different moments contemplated for each body part. The percentage 

of participants who reported no pain, discomfort, or numbness or did not reply to a question was 

calculated. In the case of participants with a “yes” answer in one of the moments, the average pain, 

the standard deviation, the maximum, and the minimum value were also determined.  

4.4.3 Rapid Office Strain Assessment (ROSA) 

When the photos were taken, the subjects' postures matched the postures selected to test, presented 

in Table 4, in subchapter 4.3.5. Afterwards, each position's mean range, standard deviation, and 

maximum and minimum values of ROSA final score were calculated. The raw value was classified 

qualitatively in one of the three existing risk levels: Acceptable, Moderate and Immediate 

Intervention. This way, it was possible to establish the most damaging and adopted posture when 

considering the interaction between the user and the office equipment. 

4.4.4 Motion Capture System 

Each participant’s data was selected considering angle values calculated by the Xsens algorithm. 

The Euler representation of the joint angles chosen was the Euler sequence ZXY, which starts the 

calculation of the angle with a rotation around the Z-axis, followed by a rotation around the X-

axis and finishes with a rotation around the Y-axis. The selected data considered the angles formed 

between body segments to compare the values registered while performing the postures and the 
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angles recommended in ISO 11226:2000. Therefore, the information presented in Table 6 

represents the relation between the ISO parameters and the Xsens data. In the case of the body 

segments contemplated by the Xsens, the Pelvis_T8 value represents the sum of all trunk angles 

until the T8, about the pelvis. In T8_Head, the value represents the sum of all registered angles 

between the T8 and the head. In T8_Left/Right Upper Arm, all angles between these two body 

regions are being summed. The angles registered by the motion capture system were then 

compared to the recommended angles of ISO 11226:2000. 

Table 6 – Relation between the body parts mentioned in ISO 11226:2000 and the Xsens data. 

Body Segment ISO 11226:2000 Xsens 

Trunk   

 Axial Rotation Pelvis_T8 Axial Bending 

 Lateral Flexion Pelvis_T8 Lateral Bending 

 Inclination Vertical_T8 Flexion / Extension 

 Convex Lumbar Spine Pelvis_T8 Flexion / Extension 

Head   

 Axial Rotation T8_Head Axial Bending 

 Lateral Flexion T8_Head Lateral Bending 

 Inclination T8_Head Flexion / Extension 

Neck   

 Flexion / Extension C1_Head Flexion / Extension 

Upper Arm   

 Retroflexion / Adduction T8_Left / Right Upper Arm Flexion / Extension 

 External Rotation T8_Left / Right Upper Arm Axial Bending 

 Elevation T8_Left / Right Upper Arm Lateral Bending 

Elbow   

 Flexion / Extension Left / Right Elbow Flexion / Extension 

Forearm   

 Supination / Pronation Left / Right Wrist Pronation / Supination 

Wrist   

 Ulnar abduction / Radial abduction Left / Right Wrist Ulnar Deviation / Radial Deviation 

 Flexion / Extension Left / Right Wrist Flexion / Extension 

Knee   

 Flexion Left / Right Knee Flexion / Extension 

In this way, data regarding the last 15 seconds (3600 frames) of each participant performing the 

different postures were extracted to an excel file compiling the information of all participants 

performing the given posture. Then the average of the 3600 frames of each participant was 

calculated. To compile the 3600 values into one single value, indicative of the angle maintained 

in that posture, the average and the mean value were calculated for the parameters referred above, 

for the 10 joint angles presented. through the Xsens it is possible to select the anatomical plane to 

view the avatar, the interesting ones for the present study, were the anterior, posterior, sagittal left 

and sagittal right planes. These anatomical planes had a fixed orientation of the three axes as 

presented in Figure 18. The Z axis was always fixed as it is points up, but the X and Y vectors 

changed through the different planes as the orientation of the coordinates was shifting, from the 

anterior to posterior view and from the sagittal left and sagittal right. These anatomical planes 

allow to fixate the avatar user in the Xsens program.  
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Anterior Posterior Sagittal Left Sagittal Right 

    

Figure 18 – The Xsens Coordinate System of the different view perspectives. 

4.4.5 Pressure Sensor 

In order to qualify the pressure level measured by the pressure mat into risk categories, 7 risk 

levels were defined with a colour code associated, as presented in Table 7, following the same 

colour code of the Tactilus Software. The colour code was programmed into an Excel sheet, and 

the data collected was imported and introduced into that Excel sheet, separated by posture.  

Table 7 – Pressure risk levels established. 

Level Pressure (Pa) Risk Level Colour Code 

0 0,0 – 3926,7 None existing  

1 3926,8 – 7853,4 Negligible  

2 7853,5 – 11780,2 Acceptable  

3 11780,3 – 15706,9 Relatively acceptable  

4 15707,0 – 19633,7 Moderate  

5 19633,8 – 23560,5 High  

6 23560,6 – 34663,7 Extremely high  

7 ≥ 34663,8 Unacceptable  

The statistical data calculated by the pressure mat software of the postures performed by each 

subject, were combined by calculating the average of the results, considering all participants 

performing the posture in question. Therefore, it was possible to obtain the maximum (�̅�𝑚𝑎𝑥), 

minimum (�̅�𝑚𝑖𝑛) and average pressure (�̅�) as well as the center of pressure in X (𝐶𝑂𝑃𝑥) and Y 

(𝐶𝑂𝑃𝑦) and the contact area (𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡), for the ten postures tested combining the twenty 

participants. The unit measure chosen was accordingly to the International System of Units (SI), 

therefore pressure is expressed in Pascal (Pa) and distances in meters (m). As the center of pressure 

was in centimetres, it was necessary to convert the data provided by the Tactilus software in a 

coordinate value, so through the length and width of the pressure sensor (45 x 45 cm) the size of 

each pressure cell was calculated and a simple proportion was made as the number of sensors is 

known (32 x 32 sensors). 

In an effort to facilitate the interpretation of the pressure mat results, the gride obtained for the 

different postures was divided into four Quadrants (Q): 

• Quadrant 1 – Front part of the chair pan, left side; 

• Quadrant 2 – Front part of the chair pan, right side; 

• Quadrant 3 – Rear part of the chair pan, left side; 

• Quadrant 4 – Rear part of the chair pan left side. 

The average pressure for the quadrant (�̅�𝑄) (1), standard deviation (𝑆𝐷�̅�𝑄
) (2), maximum and 

minimum of each was calculated considering the average pressure level of the cells (�̅�𝑐𝑒𝑙𝑙) of each 

participant. 
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�̅�𝑄 = ∑ �̅�𝑐𝑒𝑙𝑙  (1) 

𝑆𝐷�̅�𝑄
=

|�̅�𝑄1,𝑄2,𝑄3,𝑄4 − �̅�𝑚𝑎𝑡|

�̅�𝑚𝑎𝑡

 (2) 

To determine the contact area of the different quadrants, the presume mat area (𝐴𝑚𝑎𝑡) was 

determined (3) and the area of each cell (𝐴𝑐𝑒𝑙𝑙)  was deduced (4). Based on the minimum pressure 

level registered, the number of cells activated was estimated. Therefore, it was possible to 

determine how many cells had pressure (𝐴𝑃𝑐𝑒𝑙𝑙)  being applied and the contact area of the quadrant 

was calculated by summing the area of all those cells (5). To estimate the standard deviation, the 

value obtained was compared with the value given by the Tactilus software, by summing the 

contact area of each quadrant (𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑄𝑥)  (6) and then applying the standard deviation formula 

(7).  

𝐴𝑚𝑎𝑡 = 0,45 𝑥 0,45 (3) 

𝐴𝑐𝑒𝑙𝑙 =
𝐴𝑚𝑎𝑡

𝑇𝑜𝑡𝑎𝑙 𝑛º 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠
 (4) 

𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑄𝑥 =  ∑𝐴𝑃𝑐𝑒𝑙𝑙  (5) 

𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡∑𝑄 = ∑ 𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡  𝑄1, 𝑄2, 𝑄3, 𝑄4 (6) 

𝑆𝐷𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡
=

|𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡𝑄𝑥 − 𝐴𝑚𝑎𝑡|

𝐴𝑚𝑎𝑡

 (7) 

Bearing in mind the centre of pressure in X (𝐶𝑃𝑋) and Y (𝐶𝑃𝑋), the centroid calculation formula 

was applied to each quadrant. The position of the centre of pressure of each row (𝑠𝑋𝑄) and each 

line (𝑠𝑌𝑄) was calculated by multiplying the different coordinate of that row (X) or line (Y) with 

the sum of the average pressure of each cell of the row (�̅�𝑟𝑜𝑤) or of the line (�̅�𝑙𝑖𝑛𝑒) (8). Afterwards, 

the centre of pressure in X and in Y was determined by dividing the sum of all coordinates in X or 

Y by the sum of all the average pressure values of the cells of the entire quadrant (9). The final 

result was a coordinate in X and Y, for each quadrant. 

𝑠𝑋𝑄 = 𝑋 𝑥 ∑ �̅�𝑙𝑖𝑛𝑒  

𝑠𝑌𝑄 = 𝑌 𝑥 ∑ �̅�𝑟𝑜𝑤 
(8) 

𝐶𝑃𝑋𝑄 =  
∑ 𝐶𝑜𝑜𝑟𝑑𝑒𝑛𝑎𝑡𝑒𝑠 𝑖𝑛 𝑋

∑ �̅�𝑐𝑒𝑙𝑙

 

𝐶𝑃𝑌𝑄 =  
∑ 𝐶𝑜𝑜𝑟𝑑𝑒𝑛𝑎𝑡𝑒𝑠 𝑖𝑛 𝑌

∑ �̅�𝑐𝑒𝑙𝑙

 

(9) 



 

44 Materials and Methods  

4.4.6 Interdependence Between Variables 

In order to understand the relation between the different variables of the study, some statistical 

tests were performed. As so, the IBM SPSS Statistics 29.0.1.0 software was used, where the 

different variables were introduced. All answers were transformed into numeric options, in which: 

• 1 – Yes; 2 – No;  

• 1 – Female; 2 – Male;  

• Education Level: 1 – 12th Grade; 2 – Bachelor’s Degree; 3 – Master's Degree; 4 – PhD;  

• Job Experience: 1 – Less than 1 year; 2 – 1 to 3 years; 3 – 3 to 5 years; 4 – 5 to 10 years; 

5 – More than 10 years;  

• Time spend seated per day: 1 – Less than 1 hour; 2 – 1 to 3 hours; 3 – 3 to 5 hours; 4 – 5 

to 7 hours; 5 – More than 7 hours;  

• Exercise practice per week: 0 – No answer (NA); 1 – None; 2 – 1 to 3 hours; 3 – 3 to 5 

hours; 4 – 5 to 10 hours; 5 – More than 10 hours. 

In order to test the normality of the sample, the Shapiro-Wilk normality test was done, where the 

null hypothesis is that the data follows a normal distribution, therefore if the p-value is less than 

the chosen significance level (α= 0.05), the null hypothesis is rejected, suggesting non-normality. 

Afterwards, the Spearman Correlation Matrix was determined, as through the interpretation of the 

Spearman rank correlation coefficients it is possible to understand the relation between different 

pairs of variables, and it presents a non-parametric measure of association that assesses the 

monotonic relationship between two variables, regardless of the linearity of the relationship, from 

-1 (negative correlation) to 1 (positive correlation). It signals two significance levels, α= 0,01 or 

α= 0,05. Therefore, the correlation between variables, can be positive, which means that if one 

increases the other increases as well, null, if one of the variables did not have any results (in these 

analyses, those variables were deleted to facilitate data interpretation) and negative, which means 

that the increase of one represents the decrease of the other. 

To understand the pattern between the correlated variables, a linear regression line was calculated 

in which it is possible to obtain the dependent variable (𝑦), the independent variable (𝑥), y-

intercept (𝑏), and the slope (𝑚) (10). Through the 𝑅2, it is possible to understand how close the 

equation is to linear, ranging from 0 (not linear) to 1 (linear). If the 𝑅2 ≥ 0,70 it was assumed that 

there was a correlation between variables and if the 𝑅2 ≤ 0,30 it was assumed that there was not a 

correlation between variables.   

𝑦 = 𝑚𝑥 + 𝑏 (10) 
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5 RESULTS 

Applying the previously described methods made it possible to obtain the results presented in the 

present chapter. By applying the subjective methods described in the previous chapter, it was 

possible to gain information regarding the sample characteristics and characterise and evaluate the 

workstation and the postures adopted by the participants while performing their tasks. 

5.1 Sociodemographic Questionnaire 

As it was stated before, a total of 20 individuals completed the study. Regarding the sample 

characteristics, it is possible to see that it comprises most female individuals since they represent 

55% (n= 11), and the males represent the other 45% (n= 9). Considering the total population, the 

average age is 29,33 years old (SD= 8,22 years), the minimum is 22, and the maximum is 59 years 

old. The height of the study population is an average of 1,70m (SD= 0,09 m), a minimum of 1,53m, 

and a maximum height of 1,84m. Considering the weight, on average, the sample population has 

68,70kg (SD= 10,40kg), with a minimum of 55kg and a maximum weight of 90kg. This 

information is portrayed in Table 8. 

Table 8 – Sample population Gender, Age, Height, and Weight. 

Variable Total Sample Female Male 

N 20 11 (55,00%) 9 (45,00%) 

Age (years)    

A | SD 29,33 | 8,22 32,33 | 9,68 26,33 | 3,46 

Min | Max 22 | 59 25 | 59 22 | 33 

Height (m)    

A | SD 1,70 | 0,09 1,64 | 0,05 1,77 | 0,06 

Min | Max 153 | 184 153 | 170 164 | 184 

Weight (kg)    

A | SD 68,70 | 10,40 62,73 | 6,92 76,00 | 9,38 

Min | Max 55 | 90 55 | 75 61 | 90 

When inquired about their marital status, 90% (n= 18) of the participants stated that they are single 

and 10% (2) are married. Regarding the education level, 70% (n= 14) have a Master's Degree, 

25% (n= 5) have a PhD, and 5% (n= 1) have the 12th grade. When inquired about job experience, 

25% (n= 5) of the sample worked for more than five but less than ten years, another 25% (n= 5) 

worked less than 1 year, 20% (n= 4) for more than 3 and less than five years, 20% (n= 4) for more 

than one and less than 3 years, and 10% (n= 2) for more than 10 years. Most individuals spend 

between 5 to 7 hours seated at their workstation, respectively 55% (n= 11), others 40% (n= 8) 

spend more than 7 hours, and 5% (n= 1) spends between 3 to 5 hours seated. Taking into 

consideration the time spent per week enrolling in some physical activity, 50% (n= 10) of the 

survey participants dedicate 1 to 3 hours weekly, 30% (n= 6) between 3 to 5 hours a week, 10% 

(n= 2) does not enrol in any activity, and 5% (n= 1) practices some kind of physical activity more 

than 10 hours per week. The information can be consulted in Table 9, presented below. 

Considering the total sample, 75% (n= 15) does not have any diagnose of MSDs and 25% (n= 5) 

does. From these 25% (n= 5) of individual that have a MSD, 40% (n= 2) have scoliosis, 20% (n= 
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1) have herniated disc, another 20% (n= 1) underwent a Osteosynthesis with DHS (Dynamic Hip 

Screw) in Hip Fracture, and the final 20% (n= 1) have wear and tear of the intervertebral discs. 

Since, in some cases, work experience and time spend seated can have a relation to the diagnosis 

of MSDs the participants may have, when considering the total amount of diagnosis of 

musculoskeletal ailment, 40% (n= 2) of them happened in individuals with 1 to 3 years of work 

experience, 20% (n= 1) occur in participants with less than 1 year, 20% (n= 1) have worked for 

more than 3 and less than 5 years, and another 20% (n= 1) worked for more than 5 years and less 

than 10 in an office. Regarding the time spent seated per day in relation to MSDs diagnosis, 60% 

(n= 3) of the positive diagnosis occur in individuals that spend 5 to 7 hours seated at their 

workstation and the other 40% (n= 2) spend more than 7 hours at their desk, seated. The 

information can be consulted in Table 9, where the percentage of participants with MSDs are 

accounted and from those, the disease diagnosed are specified and there is the relation between 

MSDs and work experience.  

Table 9 – Participant information regarding Marital Status, Education level, Work experience, seated time duration, 

and exercise enrolment per week. 

Variable % (n) 

Marital Status (20) 

Single 90% (18) 

Married 10% (2) 

Divorced - 

Widow - 

Education Level (20) 

12th Grade 5% (1) 

Bachelor's Degree - 

Master's Degree 70% (14) 

PhD 25% (5) 

Work Experience (20) 

Less than 1 year 25% (5) 

1 to 3 years 20% (4) 

3 to 5 years 20% (4) 

5 to 10 years 25% (5) 

More than 10 years 10% (2) 

Seated time duration (20) 

Less than 1 hour - 

1 to 3 hours - 

3 to 5 hours 5% (1) 

5 to 7 hours 55% (11) 

More than 7 hours 40% (8) 

Seated time duration (20) 

Less than 1 hour - 

1 to 3 hours - 

3 to 5 hours 5% (1) 

5 to 7 hours 55% (11) 

More than 7 hours 40% (8) 

Exercise enrolment per week (20) 

None 10% (2) 

1 to 3 hours 50% (10) 

3 to 5 hours 30% (6) 

5 to 10 hours - 

More than 10 hours 5% (1) 

MSDs Diagnose (20) 

No 75% (15) 

Yes 25% (5) 

Disease (5) 



 

48 Materials and Methods  

Variable % (n) 

Marital Status (20) 

Scoliosis 40% (2) 

Herniated disc 20% (1) 

Osteosynthesis with DHS in Hip Fracture 20% (1) 

Wear and tear of the intervertebral discs 20% (1) 

Work Experience (5) 

Less than 1 year 20% (1) 

1 to 3 years 40% (2) 

3 to 5 years 20% (1) 

5 to 10 years 20% (1) 

More than 10 years - 

- Represents a question that was not identified by participants 

As so the study sample is composed of adults (individuals between 18 and 65 years old), mostly 

females (55%), with a height and weight within the normal values for the Portuguese population. 

The Portuguese average female has 1,61m and weights 65,80kg and the average male has 1,74m 

and weights 79,50kg. In the literature the standard value for the height and weight of men is 1,74m 

and 79,50kg and 1,61m and 68,80kg for the woman. In the present sample, males were taller 

(1,76m) but weighted less (76kg) than the reference, and females were also taller (1,64m) and 

weighted less (62,73kg). There is a high number of subjects with a college degree, such as Master’s 

(75%) and PhD (25%), a lot of whom have started to work in an office less than one year (25%) 

and for more than 5 and less than 10 (25%). As expected, participants spend 5 to 7 hours seated 

(55%) or more than 7 hours (40%). Most participants practice some kind of physical activity for 

more than 1 hour and a half. Considering participants with MSD diagnosed, they represent 5% of 

the study sample, and most of them have 1 to 3 years of work experience. 

5.2 The Nordic Musculoskeletal Questionnaire 

Considering the Nordic Questionnaire, a total of 20 participants answered the questions. 

Considering the responses given by them when inquired about the regions of the body where they 

might feel pain, discomfort or numbness in the last 12 months, present in Table 10: 70% (n= 10) 

identified the neck and the lumbar region, 20% (n= 4) both shoulders; 15% the right shoulder, 

right wrist/hand, hips/thighs, and the ankle/feet; 10% (n= 2) the thoracic region and knees; and 5% 

the left elbow. No one reported feeling anything on the left shoulder, right or both elbows and on 

the left or both wrists/hands. When separated into groups considering the work experience, those 

who work for: 

• Less than 1 year (25% of the total sample) – 20% (n= 4) reported symptoms on the lumbar 

region; 15% (n= 3) on the neck; 10% (n= 2) on both shoulders and right wrist/hand; 5% 

(n= 1) on the thoracic region, hips/thighs, knees and ankle/feet; and the other body 

segments were not identified. 

• 1 to 3 years (20% of the total sample) – all 20% (n= 3), identify the neck and lumbar region; 

5% (n= 1) both shoulders and the right wrist/hand; and the other body parts are not 

referenced. 

• 3 to 5 years (20% of the total sample) – 15% (n= 3) indicate the neck and lumbar region; 

5% (n= 1) the hips/thighs; and the other body parts are not mentioned. 
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• 5 to 10 years (25% of the total sample) – 15% (n= 3) signals the neck and the thoracic 

regions; 10% the right shoulder and ankle/feet; 5% (n= 1) both shoulders, hips/thighs and 

knees; and the other body parts are not. 

• More than 10 years (10% of the total sample) – 5% (n= 1) pinpoint the neck, right shoulder, 

left elbow, and thoracic region; and the other body parts are not identified. 

Table 10 – The Nordic Questionnaire answers, for "Considering the last 12 months, have you experienced any issue 

(such as pain, discomfort, or numbness)?". 

Considering the last 12 months, have you experienced any issue (such as pain, discomfort, or numbness)? 

 Total % (n) 
Less than 1 

year % (n) 

1 to 3 years 

% (n) 

3 to 5 years 

% (n) 

5 to 10 years 

% (n) 

More than 

10 years % 

(n) 

Total Answers 100% (20) 25% (5) 20% (4) 20% (4) 25% (5) 10% (2) 

Body Parts*       

Neck 70% (14) 15% (3) 20% (4) 15% (3) 15% (3) 5% (1) 

Right shoulder 15% (3) - - - 10% (2) 5% (1) 

Left shoulder - - - - - - 

Both shoulders 20% (4) 10% (2) 5% (1) 0% (0) 5% (1) 0% (0) 

Right elbow - - - - - 0% (0) 

Left elbow 5% (1) - - - - 5% (1) 

Both elbows - - - - - - 

Right wrist/hand 15% (3) 10% (2) 5% (1) - - - 

Left wrist/hand - - - - - - 

Both wrists/hands - - - - - - 

Thoracic region 10% (2) 5% (1) - - - 5% (1) 

Lumbar region 70% (14) 20% (4) 20% (4) 15% (3) 15% (3) - 

Hips/Thighs 15% (3) 5% (1) - 5% (1) 5% (1) - 

Knees 10% (2) 5% (1) - - 5% (1) - 

Ankle/Feet 15% (3) 5% (1) - - 10% (2) - 

*The values presented represent the individuals thar answered “Yes”. 

- Represents a question that all participants answer “No”. 

When inquired about the last 7 days information present in Table 11, 50% (n= 10) also felt pain, 

discomfort or numbness in the neck area, 30% (n= 6) continued to identify the lumbar region, 20% 

(n= 4) both shoulders, 10% (n= 2) the right shoulder, the thoracic region and the knees, and 5% 

(n= 1) reported symptoms in the right wrist/hand, on hips/thighs and on the ankle/feet. Considering 

this period, participants did not report pain, discomfort or numbness on the left shoulder, none of 

the elbows, and on the left or both wrists/hands. When separated into groups considering the work 

experience, those who work for: 

• Less than 1 year (25% of the total sample) – 15% (n= 3) identify the lumbar region, 10% 

(n= 2) the neck and both shoulders; 5% (n= 1) the thoracic region, hips/thighs, and the 

ankle/feet; and the other body parts are not mentioned. 

• 1 to 3 years (20% of the total sample) – 15% (n= 3) reference the neck; 5% (n= 1) the right 

wrist/hand and the lumbar region; and the other body parts are not signalled.  

• 3 to 5 years (20% of the total sample) – 5% (n=1) indicate the neck and lumbar region; and 

the other body parts are not identified. 

• 5 to 10 years (25% of the total sample) – 15% (n= 3) mention the neck; 5% (n= 1) the right 

or both shoulders, the lumbar region, the knees and the ankle feet; and the other body parts 

are not pinpoint. 



 

50 Materials and Methods  

• More than 10 years (10% of the total sample) – 5% (n= 1) refer the neck, right shoulder, 

and the thoracic region; and the other body parts are nor signalled. 

Table 11 – The Nordic Questionnaire answers, for "Considering the last 7 days, have you experienced any issue (such 

as pain, discomfort, or numbness)?". 

Considering the last 7 days, have you experienced any issue (such as pain, discomfort, or numbness)? 

 

Total 

Participants 

% (n) 

Less than 1 

year % (n) 

1 to 3 years 

% (n) 

3 to 5 years 

% (n) 

5 to 10 years 

% (n) 

More than 

10 years % 

(n) 

Total Answers 100% (20) 25% (5) 20% (4) 20% (4) 25% (5) 10% (2) 

Body Parts*       

Neck 50% (10) 10% (2) 15% (3) 5% (1) 15% (3) 5% (1) 

Right shoulder 10% (2) - - - 5% (1) 5% (1) 

Left shoulder - - - - - - 

Both shoulders 20% (4) 10% (2) - - 5% (1) - 

Right elbow - - - - - - 

Left elbow - - - - - - 

Both elbows - - - - - - 

Right wrist/hand 5% (1) - 5% (1) - - - 

Left wrist/hand - - - - - - 

Both wrists/hands - - - - - - 

Thoracic region 10% (2) 5% (1) - - - 5% (1) 

Lumbar region 30% (6) 15% (3) 5% (1) 5% (1) 5% (1) - 

Hips/Thighs 5% (1) 5% (1) - - - - 

Knees 10% (2) 5% (1) - - 5% (1) - 

Ankle/Feet 5% (1) - - - 5% (1) - 

*The values presented represent the individuals thar answered “Yes”. 

- Represents a question that all participants answer “No”. 

When asked if the pain, discomfort or numbness felt in the last 12 months were in anyway 

incapacitating, present in Table 12, 10% (n= 2) answer “yes” considering the lumbar region, and 

5% (n= 1) identified both shoulders, the left elbow, the thoracic region, the hips/thighs, the knees 

and the ankle/feet. When separated into groups considering the work experience, those who work 

for: 

• Less than 1 year (25% of the total sample) – 10% (n= 2) reference both shoulders; 5% 

(n=1) the thoracic and lumbar region, the hips/thighs, knees and the ankle/feet; and the 

other body parts are not identified. 

• 1 to 3 years (20% of the total sample) – 5% refer the lumbar region; and the other body 

parts are not pointed. 

• 3 to 5 years (20% of the total sample) – Did not had to interrupt any activity due MSDs. 

• 5 to 10 years (25% of the total sample) – 5% (n= 1) signals both shoulders; and none of the 

other body parts. 

• More than 10 years (10% of the total sample) – 5% (n= 1) identify the left elbow; and no 

other body part is mentioned. 
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Table 12 – The Nordic Questionnaire answers, for "During the last 12 months, have you had to avoid your normal 

activities (work, household chores, or hobbies)?". 

During the last 12 months, have you had to avoid your normal activities (work, household chores, or 

hobbies)? 

 Total 

Participants 

% (n) 

Less than 1 

year % (n) 

1 to 3 years 

% (n) 

3 to 5 years 

% (n) 

5 to 10 years 

% (n) 

More than 

10 years % 

(n) 

Total Answers 100% (20) 25% (5) 20% (4) 20% (4) 25% (5) 10% (2) 

Body Parts*       

Neck - - - - - - 

Right shoulder - - - - - - 

Left shoulder - - - - - - 

Both shoulders 5% (1) 10% (2) - - 5% (1) - 

Right elbow - - - - - - 

Left elbow 5% (1) - - - - 5% (1) 

Both elbows - - - - - - 

Right wrist/hand - - - - - - 

Left wrist/hand - - - - - - 

Both wrists/hands - - - - - - 

Thoracic region 5% (1) 5% (1) - - - - 

Lumbar region 10% (2) 5% (1) 5% (1) - - - 

Hips/Thighs 5% (1) 5% (1) - - - - 

Knees 5% (1) 5% (1) - - - - 

Ankle/Feet 5% (1) 5% (1) - - - - 

*The values presented represent the individuals that answered “Yes”. 

- Represents a question that all participants answer “No”. 

The results obtained in the present study revel that the sample of office workers analysed reported 

musculoskeletal symptoms mostly in the neck, lumbar region and in both shoulders considering 

the last 7 days and 12 moths. An overwhelming number of individuals report symptoms in this 

body parts, independently of job experience. Which means that the musculoskeletal symptoms 

reported by individuals might not be related to the years on the job. Although, it is important to 

mentioned that, even though ¼ of the sample individuals have less than 1 year of job experience, 

all have a college degree, which means that a portion of their past time was spend in a classroom 

environment. This environment sometimes portrait ergonomic challenges and. Since no participant 

had to interrupt their normal activity due to symptoms in the neck in the past 12 months, it is 

possible to say that, for this sample population, neck pain or discomfort was not debilitating, but 

lumbar region symptoms were, as a small number of participants ceased activities because of it. 

Therefore, this is a population within the normal society metrics and adapted to the job preformed. 

5.3 Rapid Office Strain Assessment (ROSA) 

The postures participants were adopting the moment the ROSA method was applied were matched 

with the postures selected through the state of the art performed. As so, the postures were classified 

considering the most damaging and most adopted ones. Therefore, the top 3 postures were 

classified according to these parameters, considering the 80 moments analysed. 

Taking into account the most adopted postures, the first was Posture 1 (upright posture, back 

supported by the chair's backrest, and buttocks placed at the rear of the seat) registered in 41,25% 
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(n= 33) of the situations, followed by Posture 3 (torso bent forward, lower back in the chair’s back) 

in 15,00% (n= 12) and, in third place, registered in 12,50% (n= 12) of the analysis. Considering 

the other postures, Posture 7 (upright posture, with right leg crossed over left) was adopted in 

10,00% (n= 8) of the moments, Posture 4 (torso bent forward, back completely detached from the 

backrest) and 8 (upright posture, with left leg crossed over right) in 6,25% (n= 5), Posture 6 (torso 

inclined laterally to the left, armrest providing partial support of the weight) in 2,50% (n= 2), 

Posture 9 (sitting on the middle of the seat) and 10 (sitting on the front edge with elbows resting 

on the table) in 1,25% (n= 1), Posture 5 (torso inclined laterally to the right, armrest providing 

partial support of the weight) was not verified, and in 3,75% (n= 3) the posture adopted by the 

participants did not match the postures defined (NA). The information is resumed in Figure 19. 

 

Figure 19 – Percentage occurrence of the postures tested in the 4 moments the photographs were taken. 

Considering the most damaging postures adopted, the same comparison was made, and the three 

postures with the highest Score were identified and can be consulted in Table 13, where the score 

of the different ROSA sections, respectively, ROSA A (chair score), ROSA B (monitor and 

telephone), ROSA C (keyboard and mouse), ROSA D (monitor and telephone combine with 

keyboard and mouse), and the Grand Score. When analysing the section score individually, 

different postures had a score level of 5,00, which, in the majority of the situations, was related to 

the positioning of the trunk in relation to the back support and with the height of the chair. ROSA 

B combines the monitor and telephone score into one value in which both have the same weight 

in the calculation, and the telephone was rarely used with the exception of WD35, so the null 

results of this parameter conceal the results of the monitor, which in some situations was too low, 

some participants had 2 or 3 monitors which imply head axial bending and neck flexion-extension. 

Focusing on the ROSA C score, there were acceptable risks associated with the monitor and 

mouse, related to the fact that in some situations, participants did not have the need to resort to this 

equipment, although, in almost every observation, participants using the mouse had a pinch grip 

on the mouse and wrist deviation while typing. The risk level was also acceptable when combining 

the B and C scores into ROSA D. As so, Posture 9 was the one with the higher Grand Score (risk 

level 5,00, acceptable), followed by 2 (risk level 4,10, acceptable) and third place Posture 4 and 

10 had the same grand score (risk level 4,00), and because both represent ergonomic risk related 
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to an unsupported trunk both enter to the top of most damaging postures. Taking into account the 

other postures, Posture 3 had a risk level of 3,83, Posture 1 of 3,58, Posture 7 of 3,50, Posture 8 of 

3,20, Posture 6 of 3,00, and it was mentioned that Posture 5 had a risk level of 0,00 since it was 

not adopted by any of the participants. If considering the posture classified as NA, it had a risk 

level of 6,00, but it is not a common position to adopt while working at an office. 

Table 13 – ROSA section and Grand scores, considering each posture. 

Posture ROSA A ROSA B ROSA C ROSA D Grand Score 

1      

A | SD 3,61 | 0,79 1,73 | 0,72 2,82 | 0,88 2,94 | 0,83 3,58 | 0,83 

Min | Max 3,00 | 5,00 1,00 | 3,00 1,00 | 5,00 1,00 | 5,00 3,00 | 5,00 

2      

A | SD 4,20 | 0,92 1,80 | 0,79 3,00 | 1,63 3,30 | 1,34 4,10 | 0,99 

Min | Max 3,00 | 5,00 1,00 | 3,00 1,00 | 5,00 1,00 | 5,00 3,00 | 5,00 

3      

A | SD 3,75 | 0,75 1,50 | 0,52 3,00 | 0,85 3,33 | 0,78 3,83 | 0,83 

Min | Max 3,00 | 5,00 1,00 | 2,00 1,00 | 5,00 1,00 | 5,00 3,00 | 5,00 

4      

A | SD 4,00 | 0,71 2,80 | 0,84 2,80 | 0,45 3,20 | 0,45 4,00 | 0,71 

Min | Max 3,00 | 5,00 2,00 | 4,00 2,00 | 3,00 3,00 | 4,00 3,00 | 5,00 

5      

A | SD NA NA NA NA NA 

Min | Max NA NA NA NA NA 

6      

A | SD 3,00 | 0,00 2,00 | 1,41 2,00 | 0,00 2,50 | 0,71 3,00 | 0,00 

Min | Max 3,00 | 3,00 1,00 | 3,00 2,00 | 2,00 2,00 | 3,00 3,00 | 3,00 

7      

A | SD 3,50 | 0,53 1,75 | 0,46 2,88 | 0,35 2,88 | 0,35 3,50 | 0,53 

Min | Max 3,00 | 4,00 1,00 | 2,00 2,00 | 3,00 2,00 | 3,00 3,00 | 4,00 

8      

A | SD 3,20 | 0,45 1,80 | 0,45 2,40 | 0,89 2,80 | 0,84 3,20 | 0,45 

Min | Max 3,00 | 4,00 1,00 | 2,00 1,00 | 3,00 2,00 | 4,00 3,00 | 4,00 

9      

A | SD 5,00 | NA 2,00 | NA 1,00 | NA 2,00 | NA 5,00 | NA 

Min | Max 5,00 | 5,00 2,00 | 2,00 1,00 | 1,00 2,00 | 2,00 5,00 | 5,00 

10      

A | SD 5,00 | NA 1,00 | NA 2,00 | NA 2,00 | NA 4,00 | NA 

Min | Max 5,00 | 2,00 1,00 | 1,00 2,00 | 2,00 2,00 | 2,00 4,00 | 2,00 

Accordingly, if preceding to the risk qualification according to this method, 50,00% (n= 5) 

represent a Moderate Risk, 40,00% (n= 4) Acceptable, and 10,00% (n= 1) did not had classification 

since it did not occur. No posture needed immediate intervention, as presented in Figure 20. 

Although when analysing the maximum value of ROSA final score, some postures had a higher 

risk level, particularly, the posture defined as NA (not a common office posture and excluded from 

the analysis) with a ROSA final score of 6, implying immediate intervention, and posture 1, 2, 3, 

4, and 9 representing a moderate risk (maximum 5). 

  

Figure 20 – Risk Qualification by the application of the ROSA method. 
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5.4 Motion Caption System 

Considering the results of the Motion Caption System used, the Xsens, it is possible to see a 

participant's avatar performing the 10 postures in Figure 21. In the different postures, the top figure 

on the left represents the anterior view and, on the right, the posterior view. The bottom posture 

on the left is the left view, and on the right is the right view. As this is a view cut done by the 

Xsens, the angle is fixed in every view, and the coordinate system is the one presented in Figure 

18, Chapter 4.4.5. This way, it was possible to capture the angles maintained by participants in 

real time and associate them with the pressure values registered in the different positions. In the 

different postures were asked to maintain a right angle between the upper and lower leg and, as 

instructed, vary the way they were seated. 

Posture 1 Posture 2 Posture 3 Posture 4 Posture 5 

     

Posture 6 Posture 7 Posture 8 Posture 9 Posture 10 

     

Figure 21 - Xsens Avatar of a Participant Performing the 10 postures (anterior, posterior, left and right view). 

The values of the angles extracted from the Xsens are presented in Table 2, present in Appendix 

I, considering the different body parts analysed and the postures tested. As so, observing the values 

makes it possible to see that the postures are static as the values vary between each other few 

angles. As stated before, participants were only asked to maintain a right angle between the thigh 

and shin and free movement in all other body segments.  To characterise the risk associated with 

the postures based on the angles, the average value obtained for the different body parts was 

compared with the values presented in ISO 11226:2000. 

By analysing the results of the application of ISO 11226:2000, present in Table 14, considering 

posture 1, all parameters are acceptable, except for the trunk and head symmetry, the neck 

flexion/extension angles were negative, and the knee angle was less than 90°. For posture 2, there 

is asymmetrical trunk and head posture. The trunk inclination was negative since participants were 
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without full back support, as the lumbar region was not in contact with the chair back, and the neck 

flexion/extension angle was also negative. For posture 3, there is also asymmetric trunk and neck 

posture, the lumbar spine is convex, the head angle is smaller than 0° with no support, the neck 

flexion/extension angle is smaller than 0°, and, as in the case the other postures, the knee angle is 

smaller than 90°. Considering posture 4, the trunk and head posture is also asymmetric. The head 

inclination angle is smaller than 0° without full support, the neck flexion/extension angle is also 

smaller than 0°, and the knee angle is smaller than 90°. In posture 5, as in the others, there is no 

symmetry in the trunk and head angle, there is a convex lumbar spine, the head inclination angle 

is smaller than 0° without full support, the neck flexion/extension angle is smaller than 0°, and the 

knee angle is smaller than 90°. Posture 6 also has asymmetrical trunk and head postures, the neck 

flexion/extension angle is smaller than 0°, and the knee angle is smaller than 90°. Regarding 

posture 7, the results were the same as in posture 6. In posture 8, participants had an asymmetrical 

trunk and head posture, the lumbar spine was in a convex position, the neck flexion/extension 

angle was smaller than 0°, and the knee angle was smaller than 90°. Taking into consideration 

posture 9, there is also the asymmetric trunk and head posture; the head inclination angle was 

smaller than 0 without support, the flexion/extension neck angle was smaller than 0°, and the knee 

angle was smaller than 90°. In posture 10, the same situation as in posture 9 was verified. 

Table 14 – Posture Risk analysis according to ISO 11226:2000. 

Body Segment 

Postures 

1 2 3 4 5 6 7 8 9 10 

A N A N A N A N A N A N A N A N A N A N 

Symmetrical trunk posture 

No - X - X - X - X - X - X - X - X - X - X 

Yes - - - - - - - - - - - - - - - - - - - - 

Trunk inclination                     

> 60 ° - - - - - - - - - - - - - - - - - - - - 

20 ° to 60 ° without 

full Trunk support 
- - - - - - - - - - - - - - - - - X - - 

20 ° to 60 ° with 

full Trunk support 
- - - - - - - - - - - - - - - - - - - - 

0 ° to 20 ° - - - - X - X - X - X - - - - - - - X - 

< 0 ° without full 

trunk support 
- - - X - - - - - - - - - - - - - - - - 

< 0 ° with full trunk 

support 
X - - - - - - - - - - - X - X - - - - - 

For sitting: convex lumbar spine posture 

No X - X - - - X - X - X - - - - - X - - - 

Yes - - - - - X - - - - - - - X - X - - - X 

Symmetrical head posture 

No - X - X - X - X - X - X - X - X - X - X 
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Body Segment 

Postures 

1 2 3 4 5 6 7 8 9 10 

A N A N A N A N A N A N A N A N A N A N 

Yes - - - - - - - - - - - - - - - - - - - - 

Head inclination 

> 85 ° - - - - - - - - - - - - - - - - - - - - 

25 ° to 85 ° without 

full head support 
- - - - - - - - - - - - - - - - - - - - 

25 ° to 85 ° with 

full head support 
- - - - - - - - - - - - - - - - - - - - 

0 ° to 25 ° - - X - - - - - - - X - - - X - - - - - 

< 0 ° without full 

head support 
- X - - - X - X - X - - - X - - - X  X 

< 0 ° with full head 

support 
- - - - - - - - - - - - - - - - - - - - 

Neck flexion / extension 

> 25 ° - - - - - - - - - - - - - - - - - - - - 

0 ° to 25 ° - - - - - - - - - - - - - - - - - - - - 

< 0 ° - X - X - X - X - X - X - X - X - X - X 

Awkward upper arm posture 

No X - X - X - X - X - X - X - X - X - X - 

Yes - - - - - - - - - - - - - - - - - - - - 

Upper arm elevation 

> 60 ° - - - - - - - - - - - - - - - - - - - - 

20 ° to 60 ° without 

full arm support 
- - - - - - - - - - - - - - - - - - - - 

20 ° to 60 ° with 

full arm support 
X - X - X - X - X - X - X - X - X - X - 

20 ° to 20 ° - - - - - - - - - - - - - - - - - - - - 

Raised shoulder 

No X - X - X - X - X - X - X - X - X - X - 

Yes - - - - - - - - - - - - - - - - - - - - 

Extreme elbow flexion/extension 

No X - X - X - X - X - X - X - X - X - X - 

Yes - - - - - - - - - - - - - - - - - - - - 

Extreme forearm pronation / supination 

No X - X - X - X - X - X - X - X - X - X - 

Yes - - - - - - - - - - - - - - - - - - - - 
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Body Segment 

Postures 

1 2 3 4 5 6 7 8 9 10 

A N A N A N A N A N A N A N A N A N A N 

Extreme wrist posture 

No X - X - X - X - X - X - X - X - X - X - 

Yes - - - - - - - - - - - - - - - - - - - - 

Extreme knee flexion 

No X - X - X - X - X - X - X - X - X - X - 

Yes - - - - - - - - - - - - - - - - - - - - 

For sitting knee angle 

> 135 ° - - - - - - - - - - - - - - - - - - - - 

90 ° to 135 ° - - - - - - - - - - - - - - - - - - - - 

< 90 ° - X - X - X - X - X - X - X - X - X - X 

A – Acceptable; N – Not recommended; X – Answer 

When comparing the obtained values with the referenced in ISO 11226:2000, all postures 

presented asymmetric trunk and head postures because to have a symmetric posture, there is 

“neither axial rotation nor lateral flexion”, which was not verified. The convex lumbar spine was 

defined considering the value registered in posture 1 and values above that were considered as 

convex, and postures 3, 7, 8 and 10 registered a value superior to the one of posture 1. The trunk 

inclination angle had diverse variations when comparing the different postures, with postures 

within the acceptable limit (postures 1, 3, 4, 5, 6, 8, 9 and 10) and others not recommended (posture 

2). Bearing in mind the head inclination angle, there are also diverse variations through the 

postures, and in most cases, the posture adopted is not recommended (Postures 1, 3, 4, 5, 7, 9 and 

10). Contemplating the neck inclination angle, all postures registered a value within the not 

recommended. Considering the upper extremity postures, all the positions tested were within 

acceptable values. Although participants were instructed to maintain a 90° angle in the knee, it 

was verified that this angle is smaller, which is related to the miscalibration of the feet sensor, 

which sometimes caused participants to have the feet in awkward positions or the illusion that 

participants had a right knee angle and in reality, the angle is slightly lower. In the present study, 

the duration variable of the posture was not contemplated as the protocol established that 

participants performed it for 2 minutes, a duration that is not recommended if the body angle is 

too extreme, which did not occur in the present situation. None the less it is important to refer that 

it is always important to consider the duration of the position adopted, as no matter how correct 

the posture might be, it should not be performed for more than a specific period without carrying 

ergonomic risk, as more and shorter holding time represents a higher endurance surplus, also 

referred as remaining endurance capacity (REC). 
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5.5 Pressure Sensor 

After the application of the data method analysis on the pressure mat results, the information was 

compiled in Table 15, considering the Average, Max and Min Pressure, the centre of pressure in 

X and Y, the average contact area for the total area as well as the contact area, average pressure 

and X and Y coordinates of the different quadrants. The results of the pressure mat indicate that 

the posture with the higher average pressure are the postures with the lower contact area, with a 

inverse proportionality relationship. Taking into consideration the centre of pressure values, as 

mentioned above, the results were extrapolated from centimetres to a coordinate value. Exploring 

the values obtained in this parameter, it is possible to identify a pattern, as posture 1 and posture 3 

present almost the same coordinates, as well as posture 2 and posture 4, that might be related to 

the way the user utilises the seat pan to adopt the given posture. In postures 5 and 6, it is possible 

to distinguish the side to which participants are inclined as the X coordinate is further apart. In the 

case of postures 7 and 8, the leg position is symmetric, so the centre of pressure is similar in both, 

and the overall pressure applied is homogeneous. Considering postures 9 and 10, it is possible to 

observe that the Y coordinate decreases, indicating that the pressure points are moving towards 

the front part of the seat.  

Table 15 – Results of the sensor pressure. 

Variable 1 2 3 4 5 6 7 8 9 10 

�̅�𝒎𝒂𝒙 17231,00 17806,54 18926,10 20765,20 21665,64 20458,08 23578,46 22383,96 23823,03 30962,52 

�̅�𝒎𝒊𝒏 9,72 41,67 11,89 11,35 11,16 15,01 13,62 15,38 19,12 23,85 

�̅� 4166,48 4521,07 4187,73 4863,11 4619,71 4859,12 5622,50 5534,65 6053,81 7468,38 

𝑨𝒄𝒐𝒏𝒕𝒂𝒄𝒕 1500,80 1440,59 1508,09 1460,68 1517,80 1513,68 1286,59 1263,45 1247,32 931,02 

X (cm) 21,88 21,87 21,72 22,02 24,73 20,03 20,78 22,46 21,79 21,59 

Y (cm) 27,05 24,00 26,95 25,11 25,66 25,91 27,06 26,92 19,43 13,29 

Considering the average pressure registered in the different quadrants, it is possible to see in which 

part of the seat pan the subjects need to apply pressure to perform the different postures present in 

Table 16. For instance, in posture number 1, where the subject maintains an upright posture with 

the back completely supported by the chair back, the pressure in both back quadrants (Q3 and Q4) 

is almost the same, as well as the pressure registered in the front quadrants (Q1 and Q2), a 

phenomenon that can be explained since this posture has no asymmetry and participants have back 

and feet support. The same happens in postures 2, 3 and 4, where in this present ergonomic risk 

due to trunk inclination angle and/or back support, the quadrants where pressure was mainly 

applied were Q3 and Q4, but the body assumed a symmetric posture. For instance, between postures 

5 and 6, symmetric in relation to one another, it is possible to see that the front and back quadrants 

with more pressure changed from one side to the other when changing the lateral inclination angle. 

These postures represent ergonomic risk due to the asymmetric trunk posture, in which the user is 

inclined to the right or to the left. The results indicate that the average pressure changes from Q1 

to Q2 and from Q3 to Q4 when changing from posture 5 (right side) to 6 (left side). In the case of 

posture 5, the quadrants with a higher value were Q4, Q2, Q3 and Q1, in decrescent order, and in 

the case of posture 6, the quadrants were Q3, Q1, Q4 and Q2. In postures 7 and 8, the same happened 

as they were also symmetric with each other, but this time the highest value was registered in the 

back part of the seat pan. In the case of posture 7, the value was higher in Q4 because participants 
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crossed their right leg over the left, applied more pressure in the right buttock, and used the other 

leg to help support the body. In Posture 8, the symmetric situation happens, as the left leg is crossed 

over the right, meaning that the left buttock supports most of the pressure, located in Q3, and the 

right leg supports the rest. In postures 9 and 10, since participants were asked to move forward in 

the seat pan, the quadrants with the higher values were in the front of the chair pan. In posture 9, 

the values registered in the front quadrants, Q1 and Q2, start to increase in comparison with the 

postures described so far, related to the fact that participants are seated in the middle of the seat 

pan without back support. In posture 10, is possible to observe the differences between the front 

and back quadrants, as the front quadrants registered the highest value of average pressure of the 

10 postures, and on the other hand, also registered the lowest in the back quadrants. In this posture, 

participants are seated on the front edge of the seat to simulate the moments when the duration of 

the time spent seated is relatively short. 

Table 16 – Results of average pressure in the different quadrants, for the postures tested. 

Variable 1 2 3 4 5 6 7 8 9 10 

�̅�𝑸𝟏 1995,73 2440,65 2071,37 2478,78 1994,41 2902,14 2953,68 1417,96 4445,86 6076,11 

�̅�𝑸𝟐 2169,69 2698,10 2240,94 2902,65 3116,51 2264,93 1249,27 2727,24 4558,38 5756,45 

�̅�𝑸𝟑 3738,19 3575,40 3730,92 3831,15 3057,19 4977,29 4412,92 4803,39 2552,10 470,45 

�̅�𝑸𝟒 3797,83 3382,54 3706,90 3946,98 4891,16 3450,93 4749,79 3994,20 2427,36 422,54 

Considering the contact area registered by each posture, presented in Table 17, it is possible to 

observe that postures have particular characteristics. As such, postures 1 and 3 present similar 

values as the higher value in Q3, meaning participants tend to put more pressure on the left buttock 

area, distributing the rest through the other quadrants. In postures 2 and 4, a similar situation is 

possible to observe, as the four quadrants have similar values of contact area, as a slumped or 

completely detached back position is adopted, implying the migration of the buttock slightly 

forward. In Posture 5 (body supported by right armrest), the contact area of each quadrant is 

relatively homogeneous, but in Posture 6 (body supported by left armrest), the symmetric posture 

of number 5, it is possible to see that the higher value was in Q3, correspondent to the left buttock. 

Postures 7 and 8, as mentioned, are also symmetric, as Q2 registered the lowest value in posture 7 

and Q1 the lowest in posture 8, since in one of the cases, the right leg is crossed over the left and 

in the other, the left over the right, explaining the shift in quadrants. Posture 9 had a higher value 

on the front quadrants, concordant with the postural shift towards the front part of the seat. As 

posture 10 is the most extreme of positions, the front quadrants registered a high level of contact 

area in comparison to the back quadrants, which had an extremely low value. 

Table 17 – Contact area results of the different quadrants. 

Variable 1 2 3 4 5 6 7 8 9 10 

𝑨𝒄𝒐𝒏𝒕𝒂𝒄𝒕𝑸𝟏 310,47 346,07 308,20 330,15 323,43 343,89 311,86 214,86 387,80 408,36 

𝑨𝒄𝒐𝒏𝒕𝒂𝒄𝒕𝑸𝟐 297,82 328,37 302,27 318,78 327,48 300,29 168,59 263,31 347,06 348,15 

𝑨𝒄𝒐𝒏𝒕𝒂𝒄𝒕𝑸𝟑 429,03 368,32 432,29 390,27 381,37 436,05 397,78 389,38 235,52 59,72 

𝑨𝒄𝒐𝒏𝒕𝒂𝒄𝒕𝑸𝟒 368,22 306,02 369,60 328,67 376,52 337,37 326,69 315,71 197,75 55,77 

The value of the centre of pressure in X and Y in the different quadrants allows an understanding 

of the epicentre of the pressure applied in the front and back of the seat in each posture, presented 

in Table 18. As so, in posture 1, in the back quadrants, the centre of pressure was in the ischium, 

and in the front quadrants, is close to the back limit, which means there is no risk of cut-off 
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circulation caused by an excess pressure applied in the thighs. In Posture 2, the Q3 and Q4 

coordinates moved towards the front limit. Posture 3 had results equal to posture 1 in all quadrants, 

except number 4, with a minimal difference, related to the similarity postures, also verified in the 

average pressure values. In Posture 4, the pressure is almost equally distributed through the 

quadrants, the same as in Posture 2, as the positions adopted by participants in the seat are similar, 

but the back support is different. In postures 5 and 6, the centre of pressure was identical, as they 

represent the same posture, but in one case with trunk lateral bend to the right and the other to the 

left. The same happened for postures 7 and 8, as both are symmetric to each other. In posture 9, 

the back coordinates shifted forward, in the direction of the front limit, as participants were in the 

middle of the chair. In the case of posture 10, the back coordinates have shifted even further than 

in posture 9, as participants are seated at the edge of the pan. 

Table 18 – Results regarding the average, standard deviation, minimum and maximum pressure, as well as centre of 

pressure and contact area of the total pressure mat. 

Variable 1 2 3 4 5 6 7 8 9 10 

𝑪𝑷𝑿𝟏 7 8 7 7 8 7 9 10 9 10 

𝑪𝑷𝒀𝟏 11 11 11 11 11 11 11 12 11 9 

𝑪𝑷𝑿𝟐 23 23 23 23 23 23 22 21 22 21 

𝑪𝑷𝒀𝟐 11 11 11 11 11 11 13 11 11 9 

𝑪𝑷𝑿𝟑 9 10 9 10 10 9 10 10 10 10 

𝑪𝑷𝒀𝟑 24 22 24 22 23 23 23 23 20 15 

𝑪𝑷𝑿𝟒 22 22 22 22 22 22 21 21 21 24 

𝑪𝑷𝒀𝟒 23 22 23 22 22 23 22 22 20 20 

To allow easier visualisation of the data, a dispersion chart of the centre of pressure distribution of 

the different postures was calculated, and the information is presented in Figure 22. To do so, the 

centre of pressure coordinates of the different participants in each posture was considered. Through 

this visual analysis, it is possible to identify the pattern of each posture, allowing the identification 

of differences and similarities between them. As previously mentioned, there are great similarities 

between postures 1 and 3, 2 and 4, and 7 and 8, as the interaction with the seat is similar. In postures 

5 and 6, it is possible to observe the symmetry between them, as one has most participants with 

values in the right side and in other shifts to the left. In postures 9 and 10 is possible to observe 
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the position of participants in the chair, as in the case of posture 9, it is concentrated in the middle 

of the grid and in posture 10, in the part that represents the edge of the seat. 

 

Figure 22 – Center of pressure distribution of the different postures. 

Analysing the scatter plot of the different postures when the quadrant division is made, present in 

Figure 23, it is possible to observe that in the back quadrants the location is similar for a lot of 

postures, as there exists a big agglomerate of postures in each one, except in the case of posture 9 

and 10, that because of the way users where seated the coordinates decreased. In the front 

quadrants, the postures that stand out in comparison with the other are posture 7 and 8, due to the 

leg position adopted. 
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Figure 23 – Center of Pressure Distribution, considering the Posture. 

The results were analysed considering the pressure risk qualification, proposed in Table 6. As so 

the postures risk classification based on the average pressure was performed, for each posture, 

contemplating the four quadrants. The following analysis is depicted from Figure 24, in which the 

black circle represents the center of pressure of the posture without considering the quadrants, and 

the red circle the center of pressure when considering the quadrants. Analysing the visual 

representation of the different postures, it is possible to clearly observe the leg and lower trunk 

position in relation to the seat pan. Through the pressure maps capture, it is viable to assume user 

position, based on the average pressure applied in the seat, the contact area between the legs and 

the chair, as well as observe the distribution of pressure in the different situations. As it was 

mentioned, the pressure mat proved to depict a reliable solution in identifying leg and trunk 

position on the chair, but postures that have those same characteristics but differences in terms of 

upper back position are difficult to distinguish. As so, using the pressure mat alone it was not 

possible to distinguish posture 1 from posture 3, as the difference is that in posture 3 users assume 
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the same leg and lower back position as in posture 1, but the upper back is not supported by the 

back of the chair. It is also not possible to differentiate posture 2 from posture 4, because in both 

postures users do not have lower back support, but in posture 4 the upper back is also not 

supported. Through the pressure mat results it was also possible to detect situation in which the 

user has an asymmetric trunk posture due to trunk lateral bending, as one side of the sensors 

register higher values than the other. 

Posture 1 Posture 2 
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Figure 24 – Pressure sensor visual representation of the results. 

5.6 Interdependency Between Variables 

After obtaining the values and organising the information, the Shapiro-Wilk normality test was 

conducted, as presented in Table 2, Appendix I. Since not all the variables to be compared follow 

a normal distribution, the Spearman Correlation Matrix was applied to relate the answers given on 

the questionnaires with one another and the relation between the values obtained with the pressure 

sensor and the angles measured by the Xsens.  

Therefore, in Table 3, Appendix I, it is possible to observe the values of the Spearman rank 

correlation coefficient of the questionnaire results with each other. The variables deleted from this 

correlation matrix were answers from the NMQ inquiring about pain or discomfort in the left 

shoulder, right or both elbows left or both wrists/hands in the last seven months and left shoulder, 

right, left or both shoulders, left or both wrists/hands over the previous 12 months, as no participant 

identified these body regions. Focusing on the positive correlation, participants' age was 

connected to the period of job experience, as older individuals have worked longer.  The more 

time participants spend seated, the higher the probability of reporting pain or discomfort in both 

shoulders in the last 7 and 12 months. Participants who reported their chair as uncomfortable were 

the ones who also reported symptoms over the previous 7 and 12 months in the right wrist/hand 

and the last 12 months for the hips/thighs, as individuals who considered their chair uncomfortable 

tend to have symptoms in these body regions. Pain or discomfort felt in the last seven months in 

the lumbar region and on both shoulders in the last 12 months was associated with the hours of 

weekly exercise, as individuals who practice more exercise over the week report more symptoms 

in these areas than the others. On the other hand, considering the negative correlations, age was 

connected to the number of hours of weekly exercise practice, as older individuals tend to dedicate 

fewer hours to this practice. Participants with a higher weight tend to report more symptoms in the 

right wrist/hand in the last 7 months. Participants with more years of work experience considered 

their chair more comfortable, practised fewer hours of exercise daily and reported fewer symptoms 

of pain or discomfort in the right wrist/hand. 

Considering the Spearman correlation matrix, starting on the positive correlations obtained 

between the pressure mat and the Xsens, shown in Table 4, Appendix I, as the postures tested 

advance, from 1 to 10, the angle of flexion/extension of the right wrist increased. The average 

pressure will increase as the right upper arm external rotation increases. The trunk convex position 

influences the Y coordinate, which means that the higher the convex angle, the higher the Y 

coordinate. This can indicate that as participants curve, the spine tends to increase the pressure on 

the Y side of the mat.  The average contact area of Q1 increases due to an increase in the left knee 

flexion angle and Q2 due to the right knee. The X coordinate of Q1 is influenced by the right wrist 

flexion/extension angle; therefore, the angle increases as the coordinate goes closer to the Q2 limit. 

In Q2, the coordinate will be closer to the mat limit as the left forearm pronation/supination angle 

increases, and in Q3, the coordinate shifts toward the Q4 limit as the right upper arm external 

rotation angle increases. Regarding the negative correlations, the pressure applied in Q3 is going 
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to be smaller as the right upper arm external rotation and the forearm pronation/supination 

increases, and in Q4, the value also decreases as the left knee flexion angle increases. The average 

contact area in Q1 decreases as the trunk lateral flexion angle increases as well as with the angle 

formed in the lumbar region. In Q3, it decreases as the right upper arm external rotation angle 

increases. The X coordinate of the centre of pressure in Q1 is closer to the left mat limit as the left 

forearm pronation/supination angle increases. In Q3, the same happens but is also influenced by 

the increase of the right wrist ulnar/radial deviation angle. The Y coordinate of Q2 is closer to the 

left mat limit as the right knee flexion angle increases. In Q3 and Q4, the right upper arm external 

rotation angle increase. 

As stated before, the variables that had a Spearman Correlation Rank with a significant correlation 

between them were analysed through a linear regression model to understand if the increase in the 

variable 𝑥, the dependent variable, represents an increase or decrease (dependent on the slope 

signal, in which positive represents increase and negative decrease) of 𝑚 in 𝑦. So, depending on 

the 𝑅2 (≥ 0,70; ≤ 0,30), it is possible to understand if the dependent variable is being explained by 

the regression line. In Table 19, it is possible to consult the linear regression equation values for 

each of the variable pairs. This model proved to be reliable in understanding the pattern of the 

variation of the CPx and the trunk axial rotation angle, as the increase of the CPx causes a variation 

of -1,07 of the trunk axial rotation angle, which means that every time the CPx increases, the angle 

has the opposite response and decreases, and will contribute to an asymmetric trunk posture, 

verified in all postures tested (𝑅2 = 0,83). Every time the AcontactQ1 increases 1 cm2, the left knee 

flexion/extension angle increases by 0,085 degrees, which means that while participants extend 

their left leg and the knee angle augments, the part of the leg closer to the knee is going to occupy 

a larger area (𝑅2 =   0,76). The same happens considering Q2, as every time the AcontactQ2 

increases 1 cm2, in this case, the right knee flexion/extension angle increases 0,10 degrees, and in 

this situation, the right leg knee joint activates more cells meaning a larger contact area (𝑅2 =

0,88). Although the right knee flexion/extension angle decreases -5,25 degrees with the increase 

of the CPYQ2, the increase in the y coordinate of Q2 is going to be influenced by a decrease of the 

right knee flexion/extension angle (𝑅2 = 0,74). The external rotation angle of the right upper arm 

will be influenced in -2.03 degrees due to the increase of the CPY4, so the increase of the y 

coordinates in Q4 might represent an extreme external rotation angle of the right upper arm, used 

particularly and with a lot of frequency by the worker to control the mouse and typewrite (𝑅2 =

0,73). The model tested proved not to be appropriate to assess certain variables, and for example, 

the variation of the head inclination angle is not related to the variation of the CPx (𝑅2 = 0,0020). 

Another situation is that the right arm pronation/supination angle does not depend on the P̅Q3 (𝑅2 =

0,30) and the left wrist flexion/extension angle is not influenced by the increase or the decrease of 

the P̅Q4 (𝑅2 = 0,20). These two results indicate that the increase of the average pressure registered 

in Q3 and Q4 (left and right buttock, respectively), do not have any influence on some of the upper 

arm movement, right forearm and left wrist). Through the increase or decrease of the Q1 contact 

area the chair user is activated the angle formed by a convex lumbar spine is not going to be 

influenced, so the register of AcontactQ1is not reliable to understand if participants have this 

unrecommended lumbar angle (𝑅2 = 0,080). The center of pressure variation of the X coordinate 

in Q1 and in Q3, is not going to influence by the right wrist ulnar / radial deviation angle, therefore 
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as the coordinate oscillates the angles remains similar (𝑅2 = 0,022; 𝑅2 = 0,13, respectively), this 

wrist movement is not moulded by the oscillations of centre of pressure of the left quadrants. The 

contact area of the front quadrants is helpful to understand the knee angle of participants and avoid 

extreme angles. To help to assess the knee angle, the y coordinate of the front quadrants, 

particularly, the right, also proven to be reliable. To understand part of the arm movement the 

model has also proven to be consistent considering the right buttock centre of pressure. 

Table 19 – Linear regression values for the different variables. 

Independent Variable Dependent Variable 𝒎 𝒃 𝑹𝟐 

�̅� Right Upper Arm External Rotation 0,0023 7,63 0,50 

CP𝑦 Lumbar Convex Spine -0,12 22,57 0,073 

P̅Q2 Right Knee Flexion / Extension 0,0031 61,47 0,50 

P̅Q2 Right Elbow Flexion / Extension 0,0040 47,33 0,33 

P̅Q3 Right Knee Flexion / Extension -0,0025 79,59 0,34 

P̅Q3 Right Upper Arm External Rotation -0,0019 26,45 0,58 

P̅Q3 Right Forearm Pronation / Supination -0,0027 13,11 0,30 

P̅Q4 Left Wrist Flexion / Extension 0,0021 -26,40 0,20 

P̅Q4 Left Knee Flexion / Extension -0,0019 77,49 0,22 

AcontactQ1 Lumbar Convex Spine -0,0019 29,06 0,080 

AcontactQ1 Left Knee Flexion / Extension 0,085 43,011 0,76 

AcontactQ2 Right Knee Flexion / Extension 0,10 40,70 0,88 

AcontactQ3 Right Upper Arm External Rotation -0,023 27,64 0,65 

CPX1 Forearm Left Pronation / Supination -3,75 38,90 0,46 

CPX1 Right Wrist Flexion / Extension 3,95 -47,13 0,52 

CPX1 Right Wrist Ulnar / Radial Deviation -0,84 20,46 0,022 

CPX2 Forearm Left Pronation / Supination 5,68 -119,23 0,39 

CPY2 Right Knee Flexion / Extension -5,25 127,72 0,77 

CPX3 Right Upper Arm External Rotation 3,90 -17,89 0,45 

CPX3 Forearm Left Pronation / Supination -8,30 87,76 0,52 

CPX3 Right Wrist Ulnar / Radial Deviation -4,31 54,97 0,13 

CPY3 Right Upper Arm External Rotation -1,61 55,35 0,64 

CPY4 Right Upper Arm External Rotation -2,03 64,04 0,72 

5.7 Posture Risk Classification 

The focus of the angle risk classification was made on the recommendations suggested in ISO 

11226:2000 for the trunk region, although attention was paid to considering if the posture had 

pressure symmetry between the right and left side and if the trunk was or was not supported. 

Therefore, as expected, posture 1 fulfils the requirements imposed and was considered acceptable. 

The other postures tested were all considered not recommended as the criteria referred to in the 

justification field were not met. 

Considering the results of the initial risk classification of postures using the pressure mat and the 

Xsens, a deeper analysis of the postures was made contemplating the results, presented in Figures 

24. The goal was to create categories of posture classification based on the results of the pressure 

evaluation to clearly identify each of the 10 postures tested. As so, the information was organized 

considering the posture, the body segment, the position of the different body regions, the risk level 

(acceptable or not recommended), and the analysis tool, as presented in Table 6, Appendix I. The 

selected body regions were the trunk, neck, arms and legs. Considering the neck and arms, the 
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position adopted was considered to be acceptable in all postures, although they are angle-duration 

dependent. This way considering these two body regions, the risk classification must be made 

considering the criteria present in Figure 25. In order to do so, with the information of the pressure 

sensor in the seat alone, it is not possible to fully determine the angles performed. Therefore, 

supplementary information would be needed to make a conscious risk classification. The leg 

posture was also considered acceptable in all postures, except 7 and 8, as long as the 

flexion/extension angle is within 90º and 135º.  

Focusing on posture 1, this was classified with an acceptable risk level as no pressure or extreme 

angles were verified on the trunk, neck, arms and legs, and the user had back and feet support. 

Based on the information collected using the pressure sensor, it was possible to assess trunk and 

leg position, establishing specific criteria that would be verified while this posture is being 

performed. On posture 2, there was no lumbar support, and therefore, the posture was considered 

not recommended. Using the pressure sensor, it was also possible to assess trunk and leg position 

by the lack of pressure application in the seat pan closest to the back of the chair. On posture 3, 

participants were seated without upper back support, so the posture was classified as not 

recommended. Because Posture 1 and Posture 3 are similar in how the legs are positioned, using 

the information collected with the pressure sensor alone, it is impossible to assess the trunk 

position, so supplementary information would be needed to determine the trunk inclination. On 

posture 4, participants were seated without back support, so the posture was classified as not 

recommended. Because posture 2 and posture 4 are similar in how the legs are positioned, using 

the information collected with the pressure sensor alone, it is impossible to assess the trunk 

position, so supplementary information would be needed to determine the trunk inclination. In 

posture 5, the trunk was inclined to the right side, which classifies this posture as asymmetric and 

hence not recommended. Using the pressure sensor results, it is possible to observe this 

asymmetry. In posture 6, the trunk was inclined to the left side, which classifies this posture as 

asymmetric and hence not recommended. Using the pressure sensor results, it is possible to 

observe this asymmetry. In posture 7, participants had the right leg crossed over the left, which 

can implicate a blood circulation cut on the right shin, which classifies the posture as not 

recommended. Participants had back support, and the leg position could be observed with the 

pressure sensor results. In posture 8, participants had the left leg crossed over the right, which can 

implicate blood circulation cut on the left shin, classifying the posture as not recommended. 

Participants had back support, and the leg position could be observed with the pressure sensor 

results. In posture 9, participants were seated in the middle of the seat, without back support, a 

posture not recommended while seated. The pressure sensor results made it possible to assess both 

trunk and legs position. Finally, on posture 10, participants were sitting in the front of the seat pan 

without back support, which is not recommended either. The results obtained with the pressure 

sensor enable the posture classification of the trunk and leg position. Therefore, body parts 

classification criteria were established considering the values of the contact area, average pressure 

and the X and Y coordinates, for the whole pressure mat and for the four quadrants, as presented 

in Figure 25. 
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Figure 25 – Body segment pressure criteria. 

Afterwards the posture classification criteria were established considering the values of the contact 

area, average pressure and the X and Y coordinates, for the whole pressure mat and for the four 

quadrants. This way, every time the specific criteria established for each posture is verified, it is 

indicative that the posture is being performed. Therefore, through the analysis of the pressure mat 

results, for a posture to be performed by a participant the conditions identified in the list below the 

posture identification in Figure 26. 

 

 

 

 

 

 

Trunk

Recommended

Posture 1, 7 and 
8

Supported

Acontact Q3 = 
Acontact Q4; PQ3 

= PQ4

Not Recommended

Posture 2, 3*, 
4*, 9 and 10

Unsupported

Acontact Q3 and 
Acontact Q4 <; 
COP <; P >

Posture 5 and 6

Asymmetric

Acontact Q1 and 
Acontact Q3 < 

Acontact Q2 and 
Acontact Q4; PQ1 

and PQ3 < PQ2 

and PQ4 (vice-
versa)

Neck

Recommended 
depending on 
the duration

All postures

Supplementary 
information 

required

Not possible to 
identify

Arm

Recommended 
depending on 
the duration

All postures

Supplementary 
information 

required

Not possible to 
identify

Legs

Recommended

Posture 1, 2, 3, 
4, 5, 6, 9 and 10

Supported

Acontact Q1 = 
Acontact Q2; PQ1 = 

PQ2 

Not 
Recommended

Posture 7 and 8

Leg crossed

Acontact Q1 > 
Acontact Q2; PQ1 > 
PQ2 (vice-versa)
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Figure 26 – Posture pressure criteria.  

As it was mentioned above, the MHT was not considered in the present study as the duration in 

which each posture was maintained was previously defined. Although, even the most correct 

posture presents risks if maintained for too long. Therefore, the trunk and head inclination and the 

upper arm elevation angle must meet some duration requirements, as presented in Table 20, as 

every posture is considered acceptable if the MHT requirements are fellfield. So, extreme angles 

must be maintained for less than 1-minute, intermediate angles must be maintained for a maximum 

of 4 (trunk and upper arm) or 8 minutes (neck), but as the angle value increases the MHT decreases. 

The trunk and head inclination and the upper arm elevation angle within the normal range, can be 

maintained for a longer period, although it should have postural shifts, because of the ergonomic 

risk associated with prologue sitting. Based on the results of Table 20, the risk classification level 

for the neck and trunk inclination angle must consider the angle preformed and the time. Every 

time the angle increases the MHT decreases.  

Posture 1

Acontact Q1 = 
Acontact Q2

Acontact Q3 = 
Acontact Q4

CPQ1 = CPQ2

CPQ3 = CPQ4

PQ1 = PQ2

PQ3 = PQ4

Posture 2

Acontact Q1 and 
Acontact Q2 >

Acontact Q3 and 
Acontact Q4 <

PQ1 and PQ2 >

PQ3 and PQ4 >

Y coordinate >

XQ3 and XQ4 >

Posture 3

Acontact Q1 = 
Acontact Q2

Acontact Q3 = 
Acontact Q4

CPQ1 = CPQ2

CPQ3 = CPQ4

PQ1 = PQ2

PQ3 = PQ4

Posture 4

Acontact Q1 and 
Acontact Q2 >

Acontact Q3 and 
Acontact Q4 <

PQ1 and PQ2 >

PQ3 and PQ4 >

Y coordinate >

XQ3 and XQ4 >

Posture 5

Acontact Q2 > 
Acontact Q1

Acontact Q4 > 
Acontact Q3

PQ2 > PQ1

PQ4 > PQ3

PQ4 >

Posture 6

Acontact Q1 > Acontact 

Q2

Acontact Q3 > Acontact 

Q4

PQ1 > PQ2

PQ3 > PQ4

PQ3 >

Posture 7

Acontact Q2 minimal

PQ2 minimal

PQ4 >

Posture 8

Acontact Q1 minimal

PQ1 minimal

PQ3 >

Posture 9

Acontact Q1 and 
Acontact Q2 >

Acontact Q3 and 
Acontact Q4 <

PQ1 and PQ2 >

PQ3 and PQ4 <

Posture 10

Acontact Q1 and 
Acontact Q2 >

Acontact Q3 and 
Acontact Q4 minimal

PQ1 and PQ2 >

PQ3 and PQ4 

minimal
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Table 20 – Angle-duration relation for trunk and head inclination. 

Body Segment Angle (°) MHT 

Trunk Inclination 0° to 20° ≥ 4 minutes 

 20° to 60° From 4 to 1 minute (as the angle increases)* 

 > 60° ≤ 1 minute 

Head Inclination 0° to 25° ≥ 8 minutes 

 25° to 85° From 8 to 1 minute (as the angle increases)* 

 > 85° ≤ 1 minute 

*If the body part is not supported, the situation is considered Not recommended, independently of the angle 

This way, following the proposed analysis methods it is possible to assess segment position that 

may represent ergonomic risk to users. As so, the summary of results of the present study are: 

• Postures with similar leg and lower back position with similar average pressure, contact 

area and center of pressure; 

• Posture 5 and 6 symmetric variables; 

• Q1 and Q2 center of pressure distribution similar in all postures except posture 7 and 8; 

• Big agglomerate of center of pressure of postures in Q3 and Q4 (except posture 9 and 10) 

• Relation between leg flexion angle and contact area of Q1 and Q2; 

• Using a pressure sensor covering the entirety of the chair seat, it is possible to assume user 

leg and lower back position on the chair based on the value of average pressure, contact 

area and centre of pressure; 

• Using a pressure sensor alone it is not possible to distinguish postures in which users have 

the same leg and lower trunk position. 
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6 DISCUSSION 

This study proved to be different from the ones developed so far, as intends to understand the 

relation between the pressure applied in the chair seat and the joint angle between body segments 

in awkward postures adopted in offices and see if it is possible to make a connection between the 

two to assess the risk and prevent MSDs and discomfort or pain. The main goal was to try to 

comprehend if is feasible to identify a pattern amongst average pressure values registered in 

different office postures and the angles registered in the different body segments. Another study 

objective was to characterise the WRMSDs symptoms in this office population and characterise 

the study sample. The ROSA method was also applied to understand the risk level of each posture 

in real life context. 

The sample population had the characteristics of a standard office population, as the average age 

is between 25 to 49 years old, with an average age of 29,33 years old (± 8,22), corresponding to 

the statistical data provided by CEDEFOP in 2021. Another typical characteristic of this 

population is that workers spend more than 80,00% of their time seated at their workstations. It is 

documented by Arippa, Nguyen [63] that time will contribute to the augment of the feeling of 

discomfort by workers, and prolonged sitting must be avoided. According to the World Health 

Organization (WHO), a healthy adult must engage in 02h30min to 05h00min or more of moderate-

intensity aerobic physical activity weakly, or 01h15min to 02h30min or more of vigorous-

intensity, or a combination of both, creating a balance through the week. The majority of the 

population of the present study enrol in the practice of some physical activity, from one to five 

hours weekly. However, the negative correlation between job experience and weekly hours of 

exercise per week, demonstrates that over time, the time dedicated to exercise will diminish, and 

this population may enrol in a sedentary behaviour, as some do not reach the recommended number 

of weakly hours and the trend is to decrease for unrecommended levels. By avoiding this type of 

behaviour and enrolling in the weekly practice of physical activities, it is possible to avoid and 

prevent some health problems, such as cardiovascular disease, type-2 diabetes, colon and breast 

cancer, adiposity, and improve mental health, cognition and sleep. As stated by WHO, “there is 

high certainty evidence that higher levels of physical activity are associated with lower risk of all-

cause mortality, cardiovascular disease mortality, cancer mortality, cardiovascular disease 

incidence, and incidence of hypertension and type-2 diabetes, with no increased risk of harms”. 

As such, for an individual to be considered active should walk at least 10.000 steps a day, 

according to the National Institutes of Health (NIH). While working, because the time spent seated 

represents most of the workday, it is important to stand up over time, walk around the office and 

occasionally stretch in the chair, avoiding extended periods in the same position or without 

standing up. In this way, participants should be aware of the benefits of practising regular physical 

activity and an active lifestyle perspective [125]. 

When analysing the MSDs complains of participants, most of the symptoms are reported on the 

neck, shoulders and lower back region. These results are similar to the ones obtain in the study 

conducted by Mohammadipour, Pourranjbar [49], as 55,2%, 51,60% and 72,4 % reported 

symptoms on the neck, shoulders and lower back, respectively. As the nature of the job preformed 
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is the same, Singh and Singh [47] studied a sample of insurance office employees and found that 

the body region where workers reported symptoms was the neck followed by the lower back and 

shoulders, and therefore identifying the same body parts as in the present study. As a matter of 

fact, different studies conducted in the office world environment have reached the conclusion that 

the body regions more affected by the tasks and movements required to perform the necessary 

tasks to fulfil job demands will be the neck, trunk and shoulders [16, 17, 47-49, 51, 53, 71]. As the 

pain in this body regions are a consequence of the setup of the workstation and the postures 

preformed, users should be given instructions regarding the most correct ergonomic office 

practices. Since the education level of office workers have been increasing, as is possible to see in 

the present study sample, where the majority of the individuals have a high level of academic 

degree, one of the first steps toward an ergonomic work environment is through the training of 

workers about the correct context for their own workplace settings. This way, employers should 

give the tools and the means for employees to be able to set the workstation characteristics to their 

individual needs. As so, employees must have chairs with the proper ergonomic characteristics, as 

well as a table with sufficient space to accommodate the office equipment within the reaching zone 

and enough leg space under the table, monitor with a mechanism to regulate the height, keyboard 

with angle regulation mechanism, as so as information regarding the best ergonomic attitudes [48, 

49, 53]. 

Another way to identify the ergonomic risk of offices is through Ergonomic Risk Assessment 

Methods. Accordingly, in the present study the ROSA checklist was applied to classify the 

postures adopted depending on the most damaging and most adopted among study participants. 

The posture selection was made considering the state-of-the-art review, presented in chapter 2.1, 

that aimed to collect information about common office postures. In this way, except for three of 

the eighty observations completed, the postures participants were adopting in the moment the 

ROSA method was applied were consistent with the postures selected. Posture 5 was not verified 

in any moment, because it is more common for workers to adopt this king of sitting position while 

reading documents or while attending a meeting, and in most of the observations, participants were 

using the VDU, the keyboard and mouse. None the less, posture 6, the symmetric of posture 5, 

was verified in 2 occasions. As it is possible to observe in the results of the present study, the 

ROSA section with the higher impact on the Grand Score, was related to the chair. In the study 

conducted by Mohammadipour, Pourranjbar [49], the results suggest a positive correlation 

between ROSA chair score and the Grand Score, and with the monitor and telephone score as well. 

In the present study, the monitor and telephone score might have been influenced by the inexistent 

telephone use by participants, which disguised situations where the monitor features have 

ergonomic risk. The study conducted by Motamedzadeh, Jalali [48] also found an association 

between the chair and grand score after ergonomic intervention of office workers at a bank. 

Although Motamedzadeh, Jalali [48], results show that with the proper ergonomic intervention, it 

is possible to upgrade ergonomic characteristics of workstations and behaviours, as the ROSA 

section and Grand Score decreased after educational and/or physical intervention. Mianehsaz, 

Tabatabaei [17] also found that the majority of participants had a moderate risk level associated 

with the chair. This reinforced the idea that office workers must be instructed and sensibilized 

about the correct equipment set-up and about the postures they usually adopt. By providing 
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information about the equipment setup and postures, avoiding extreme and awkward joint angles, 

such as asymmetric head and trunk posture, trunk unsupported or in lateral bending, neck 

extension, and legs and arms position, is possible to improve workers health. 

Regarding office ergonomic behaviour and setup, different studies have found that ergonomic 

intervention in workplaces positively reduces risk factors. For example, in the study conducted by 

Motamedzadeh, Jalali [48], the results indicate that after workers received educational intervention 

or educational and physical intervention, the ROSA section scores lowered significantly as well 

as musculoskeletal symptoms, in which the group how received both educational and physical 

intervention had even less symptoms than the one who received only educational intervention. The 

study conducted by Alshehre, Pakkir Mohamed [126], tried to assess the differences between two 

groups, one who had ergonomic modifications made in the workstation and also received physical 

training (experimental group) and another that only had ergonomic modifications made in the 

workstation (control group), regarding the effectiveness of the introduction of physical exercise 

on different work parameters, with 4 and 8 months follow up. The results indicate that in both 

groups, that pain intensity and neck functional disability decreased in both groups after 4 and 8 

months, but the experimental results of the experimental group were even lower than in the control. 

The article published by Akkarakittichoke, Waongenngarm [54] and Waongenngarm, van der 

Beek [66], that aimed to assess the effect of the promotion of rest breaks and postural shifts on 

new onset of neck and low-back pain during 6-month follow-up by placing a device in the seat 

pan. The results obtained show that active breaks and postural shifts during work hours can reduce 

the symptoms associated with neck and back pain. As so, it is possible to understand the 

advantages of ergonomic interventions in workplaces, such as basic body awareness (instructions 

to focus on sustaining proper posture, equilibrium, continuous breathing, heightened awareness, 

and reduced unnecessary muscle tension during the execution of each activity), neck training 

exercises (stretching and strengthening exercises and endurance training), workstation 

modifications (adjust chair, monitor and desk height, mouse and keyboard placement and sitting 

postures), as well as the promotion of more breaks, diminishing the time spend seated daily. It is 

well documented that ergonomic office conditions have been increasing since this job became 

more popular, so over the next few years, more ergonomic office analysis must be conducted to 

improve workers' health continually. 

Regarding the results obtained for the present study, considering the angles registered by the 

Motion Capture System, it is possible to observe that participants had an asymmetric trunk posture. 

Although the values are similar to each other and might be related to a normal body deviation, 

except for the asymmetric postures, that, as expected, registered higher values of axial rotation and 

lateral flexion because in these postures (5, 6, 7 and 8) the trunk movement tends to shift away or 

rotate in relation to the vertical axis. All postures have asymmetric trunk posture because ISO 

considers that for a posture to be symmetric, there can neither exist axial rotation nor lateral flexion 

of the thorax with respect to the pelvis, which is not verified in this analysis and, therefore, can 

present ergonomic risk. As mentioned, the postures participants were instructed to perform gave 

them free movement of the head and arms, and in any of the postures, symmetric head posture was 

verified. This result is extremely important as most participants have already reported pain or 
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discomfort symptoms in this body region, which means that the neck deviation from the vertical 

axis might be related to the reported symptoms. The chair in which the analysis was conducted did 

not have neck support, implicating a neck posture that is not recommended if the angle formed is 

smaller than 0. Based on this result, it is recommended that the chairs available in offices must 

have neck support to help workers. The results of the arms suggest that no awkward angles were 

performed, nor did the workers have ergonomic risk associated with the postures tested. 

Nonetheless, it is recommended that all workers have arm support. Through the ROSA analysis, 

it was possible to verify that participants have arm support, provided mainly by the table. Still, 

different participants needed to have the correct setup of the chair armrest, as this was too low. 

This reinforces the need for an ergonomic sensitisation of workers. Participants were instructed to 

maintain a 90 angle in relation to the knee angle, and the requirement was fulfilled visually. 

Examining the results makes it possible to observe that this requirement was not reached, as the 

angle value was smaller than expected. This can be related to the fact that when the participants 

place their feet in the group, although the angle seems to be at 90°, it is slightly smaller. It also 

could be influenced by the miscalibration of the Xsens feet sensors, which frequently misalign and 

did not record the correct values and could affect the shin position. The correct knee angle is 

defined in ISO as between 90° and 135°, but it is important to guarantee that there is no blood cut 

[52]. 

As it was referred, this study tries to close the gap between ergonomic assessment tools to evaluate 

office work, and the possibility to identify harmful behaviours of users in real time, respectively 

user seated position. Through the pressure map result analysis, it was possible to assume user 

position in terms of leg and lower trunk. The results obtained are identical to the study conducted 

by Pereira and Plácido da Silva [57] that used pressure sensors to predicted user position in terms 

of leg and lower trunk. In this study, posture number 1, 2, 4, 5, 6, 7 and 8 correspond to postures 

1, 3, 2, 5, 6, 7 and 8 of the present dissertation, and by analysing the center of pressure allocation 

it is possible to observe body movement in the different postures. The center of pressure in this 

situation was near the back of the chair, and the difference might be related to the fact that only 

three pressure sensors were utilized instead of multiple sensors in the seat pan. In the present study, 

as expected, a connection was found between average pressure and contact area, as the contact 

area decreases as pressure increase. Postures, where symmetry was maintained had a similar 

average pressure registered between the back quadrants and between the front quadrants. In 

asymmetric postures, the average pressure was higher in one of the back quadrants over the other 

(depending on the side) and in one of the front quadrants over the other. As so, it was possible to 

presume seated asymmetry by analysing the results obtained. In the study conducted by Anwary, 

Cetinkaya [67] the goal was to assess postures with lateral trunk bending with sensors in the pan 

and the back of the chair and see how it would be registered by the sensors. As in the present study, 

when testing postures with a mild asymmetry (posture 5 and 6) the pressure is mainly being applied 

in the side to which user is leaning, and the more extreme the lateral bending angle is the more the 

pressure is going to be in that side. 

The linear regression model applied is reliable in assessing the knee flexion angle through the front 

quadrants' contact area and the right upper arm external rotation through the centre of pressure Y 
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coordinate in quadrant four. This model is valid for the ten postures tested and in the angle range 

measured. Accordingly, the model may not be valid if the user seated position is different from 

the one referred and if the angle range is different. Nonetheless, the postures tested comprise 

almost every posture adopted in offices, which means that almost every office seating position is 

covered in this analysis. Studies conducted by other authors using a pressure sensor show that it is 

possible to predict postures based on the pressure users apply on the seat pan. The research 

conducted by Tavares, Silva [56] demonstrates that by using pressure sensors placed on the seat 

and back of the chair, it is possible to predict six office seating postures with 100% confidence, 

considering the location of the sensors. The study conducted by Pereira and Plácido da Silva [57], 

Luna-Perejon, Montes-Sanchez [68], Jeong and Park [65], proved that using machine learning 

tools it is also possible to predict user seated postures with a high confidence and accuracy rate. 

This way, using different analysis methods makes it possible to assess user postures, although 

these methods require a considerable amount of input data and specific knowledge. 

Considering the risk level classification of each posture, the results indicate that the postures tested, 

except posture 1, were considered not recommended and present ergonomic risk for workers. 

Posture 1 was classified as a risk-free position as prestigious institutions identify it as the correct 

posture to adopt [52]. All the other postures had one or more risk factors, which condemns them 

as not recommended. For instance, participants did not have proper back support in postures 2, 3, 

4, 9 and 10. In one of the situations, there was no lumbar support; in the other, there was no upper 

back support; and in the others, there was no back support. Therefore, proper back support is 

extremely important and can be provided by an ergonomic chair that has appropriate lumbar 

support and helps to maintain a neutral spine position, reducing back pain or discomfort symptoms, 

preventing poor spinal alignment, minimising musculoskeletal risk factors [127]. Focusing on 

postures 5 and 6, the trunk had an asymmetric position, which goes against the principle of 

maintaining a neutral spine position and increases the risk of spinal muscular spasm and spinal 

imbalance [67]. In postures 7 and 8, the knee angle is lower than the acceptable angle range; 

therefore, the postures are also not recommended. This knee flexion is associated with the fact that 

the posterior part of the thigh is under pressure. The other thigh domed this posture, as the user 

can have a numb shin in minutes due to a blood circulation cut [128]. The analysis proved that it 

is possible to partially and fully identify user postures by analysing pressure maps, as it proved to 

be reliable in assessing leg and lower back positions. This way, it was possible to establish specific 

criteria that would only be verified if users performed one of the different postures. The use of a 

pressure mat in the seat pan proved insufficient in assessing postures with similar leg and lower 

back positions, as posture 1 was mistaken with posture 3, posture 2 with posture 4, and vice versa. 

Hence, to assess the postures with higher precision, in addition to the sensors in the seat, there also 

should be sensors in the back. An interesting sensor solution is distance sensors, as they can 

estimate the distance between the user's back and chair back support, incorporating the range of 

values presented in ISO for trunk and head inclination with the MHT for each angle [56]. This was 

also raised by Pereira and Plácido da Silva [57] and Luna-Perejon, Montes-Sanchez [68]. 
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7 CONCLUSION AND PROSPECTS 

In the present chapter, final inferences and the prospects for the research conducted will be 

presented. 

7.1 Conclusion 

In conclusion, this master's thesis has undertaken a comprehensive exploration into the integration 

of pressure-based assessments in evaluating sitting postures, aiming to provide valuable insights 

into the dynamic interplay between body pressure distribution and musculoskeletal health. The 

research objectives set out to address the limitations of traditional ergonomic assessments and 

contribute to advancing user-centric interventions and designs for sitting environments. 

The research successfully demonstrated the effectiveness in capturing real-time pressure during 

various sitting postures. Through rigorous investigation, the research has identified sitting postures 

based on pressure metrics. It proves that the analysis of pressure patterns applied in the seat of the 

chair is reliable in identifying leg and trunk position. These findings contribute to a nuanced 

understanding of pressure distribution maps in relation to postures, and posture in relation to 

MSDs.  By understanding user posture and the ergonomic risk associate to those postures it is 

possible to formulate an action plan bearing in mind the prevention of WRMSDs. This way, the 

identification of bad office behaviours, such as posture and prolonged sitting, it is achievable using 

pressure sensors. This contributes valuable insights to the broader field of ergonomics, shedding 

light on the specific pressure dynamics associated with awkward sitting postures. 

In summary, this master's thesis has made notable progress in propelling the ergonomic assessment 

field forward by introducing a pressure-based approach to assess sitting postures. The discoveries 

and suggestions outlined here provide a foundation for subsequent research and pragmatic 

implementations focused on enhancing the welfare of individuals who enrol in office work. As our 

comprehension of pressure dynamics and their effects undergoes further refinement, there is 

considerable potential for inventive and precise interventions to play a transformative role in 

redesigning sitting environments for improved comfort and well-being. 

7.2 Prospects 

Considering the research developed in the present study, it would be interesting to incorporate 

more individuals or collect a higher volume of data for each participant. It would be interesting to 

do the analysis with a pressure sensor placed in the seat and a distance sensor in the back and see 

if the identification of posture with similar leg and lower back posture would be easier. The 

possibility of applying nonlinear modelling analysis tools should be considered in trying to assess 

the validity of the system for predicting the postures using a specific algorithm. If this possibility 

presents as possible, the system developed can be applied in a real office chair, and ergonomic risk 

factors can be addressed. The possibility of analysing the time spend seated should also be 
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considered, to try to evaluate postural shifts and sedentary behaviour of workers. In order to allow 

a proper workstation setup, it will also be interesting to use participant anthropometric information 

to allow a personalize setup of the work elements to the user. 
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8 LIMITATIONS 

Using the protocol defined in the present study it is possible to predict user posture considering 

the pressure applied in the seat pan and understand data collection and data treatment methods. 

Even so, the present study presented limitations. 

As so, the sample population was composed by a relatively small number of individuals, which 

can compromise the representativity of the data obtained, that none the less proved to be promising 

in posture classification tools. In the ROSA checklist a chair value often represented a high Grand 

score and as the phone was not used, the overall results might be influenced. The model chosen to 

analyse the relation between the dependent and independent variables proved to be inappropriate, 

and other models should be tested. The lack of sensors in the chair back complicated the 

identification of identical postures, considering lower back and leg position in the chair.
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APENDICES 

APENDIX I 

Table 1 – Resume of research results considering the inclusion criteria. 

Keyword 

Combination 

Research Data 

base 
Keywords Date Document Source Language On Topic 

1 SCOPUS 29 16 11 11 11 5 

2 SCOPUS 28 11 9 9 9 1 

3 SCOPUS 13 4 4 4 4 2 

4 SCOPUS 192 56 39 39 38 4 

5 SCOPUS 111 26 19 19 19 4 

6 SCOPUS 66 24 15 15 15 7 

7 SCOPUS 65 42 30 29 28 4 

1 Web of Science 21 15 11 11 11 5 

2 Web of Science 15 3 3 3 3 0 

3 Web of Science 3 1 1 1 1 0 

4 Web of Science 498 178 127 127 122 4 

5 Web of Science 214 76 53 53 52 4 

6 Web of Science 202 79 75 75 75 9 

7 Web of Science 54 37 31 31 31 3 

Table 2 – Body Angles value considering the postures tested, in degree (º). 

Body Region Posture 

 1 2 3 4 5 6 7 8 9 10 

Trunk           

Axial Rotation 0,99 0,75 0,18 -0,02 -2,38 3,43 1,15 1,09 0,52 0,99 

Lateral Flexion 0,40 -1,34 0,95 0,41 -2,03 0,18 -6,54 4,54 0,25 0,58 

Inclination -3,99 -11,53 15,07 19,20 2,04 2,79 -0,92 -3,91 16,46 16,38 

Convex Lumbar Spine 25,60 25,48 30,47 25,20 23,24 24,96 25,62 25,70 23,12 25,51 

Head           

Axial Rotation 5,50 1,58 2,39 -0,34 10,69 -4,59 5,60 1,89 3,19 4,76 

Lateral Flexion 13,97 18,92 1,54 -3,75 7,82 11,36 10,24 14,94 2,81 1,46 

Inclination -0,22 0,36 -1,14 -2,05 -6,95 6,96 -0,22 0,35 -1,46 -1,85 

Neck           

Flexion / Extension -3,51 -0,25 -11,46 -14,75 -7,23 -5,03 -5,93 -2,77 -10,73 -11,59 

Upper Arm           

Left External Rotation 8,78 8,97 15,24 18,96 12,73 19,71 11,91 15,53 16,42 17,32 

Right External Rotation 15,99 20,29 17,43 18,41 21,32 15,82 21,36 16,74 24,77 24,53 

Left Retroflexion / Adduction 21,75 21,11 29,64 35,01 17,82 23,80 26,23 24,68 28,64 31,16 

Right Retroflexion / Adduction 26,38 24,77 29,82 29,25 20,90 16,66 23,59 23,28 30,34 29,14 

Left Elevation 6,22 10,77 10,55 11,59 4,33 6,76 10,34 9,11 7,82 7,99 

Right Elevation 13,04 12,34 18,31 17,71 6,83 5,40 6,34 12,93 13,02 13,24 

Elbow           

Left Flexion 49,13 48,65 62,51 74,50 54,49 63,35 51,23 55,72 67,68 71,14 

Right Flexion 45,47 43,84 64,64 65,68 64,58 57,01 55,08 60,69 67,19 69,97 

Forearm           

Left Pronation / Supination 9,87 6,43 17,05 15,75 4,28 15,83 -2,49 1,45 7,16 5,17 

Right Pronation / Supination 3,95 -1,21 1,76 -2,88 18,85 1,99 -1,25 -0,89 5,58 9,33 

Wrist           

Left Flexion / Extension -24,97 -20,01 -22,57 -19,47 -15,96 -23,70 -8,58 -9,29 -25,64 -20,09 

Right Flexion / Extension -22,61 -22,11 -17,81 -20,25 -10,39 -12,47 -6,77 -3,17 -16,59 -13,87 

Left Ulnar / Radial Deviation 11,25 12,64 14,18 20,63 21,63 5,58 10,95 9,87 19,14 12,04 

Right Ulnar / Radial Deviation 18,53 13,42 15,87 19,82 -4,23 16,40 15,10 11,93 15,17 13,36 

Knee           

Left Flexion 74,66 73,47 70,54 71,41 71,19 73,52 67,87 58,02 73,14 75,98 

Right Flexion 74,19 73,04 68,86 71,90 74,08 68,95 56,45 69,57 73,94 76,36 
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Table 3 – Shapiro-Wilk normality test results. 

Variable Statistic df Sig. 

Sex 0,637 20 <,001 

Age 0,661 20 <,001 

Height 0,956 20 0,475 

Weight 0,942 20 0,257 

Education Level 0,659 20 <,001 

Job Experience 0,897 20 0,036 

Time Spend Seated 0,744 20 <,001 

Chair Perceived Discomfort 0,495 20 <,001 

MSDs 0,544 20 <,001 

Exercise Hours/Week 0,865 20 0,01 

Neck (7 months) 0,58 20 <,001 

Right shoulder (7 months) 0,433 20 <,001 

Both shoulders (7 months) 0,495 20 <,001 

Left elbow (7 months) 0,236 20 <,001 

Right wrist/hand (7 months) 0,433 20 <,001 

Thoracic region (7 months) 0,351 20 <,001 

Lumbar region (7 months) 0,58 20 <,001 

Hips/Thighs (7 months) 0,433 20 <,001 

Knees (7 months) 0,351 20 <,001 

Ankle/Feet (7 months) 0,433 20 <,001 

Neck (12 months) 0,641 20 <,001 

Right shoulder (12 months) 0,351 20 <,001 

Both shoulders (12 months) 0,433 20 <,001 

Right wrist/hand (12 months) 0,236 20 <,001 

Thoracic region (12 months) 0,351 20 <,001 

Lumbar region (12 months) 0,58 20 <,001 

Hips/Thighs (12 months) 0,236 20 <,001 

Knees (12 months) 0,351 20 <,001 

Ankle/Feet (12 months) 0,236 20 <,001 

Average Contact Area 0,799 10 0,014 

Coordinate X 0,73 10 0,002 

Coordinate Y 0,699 10 <,001 

Average Pressure Q1 0,827 10 0,031 

Average Contact Area Q2 0,794 10 0,012 

Average Contact Area Q3 0,702 10 <,001 

Average Contact Area Q4 0,743 10 0,003 

Coordinate Y Q1 0,366 10 <,001 

Coordinate Y Q2 0,717 10 0,001 

Coordinate X Q2 0,658 10 <,001 

Coordinate X Q3 0,802 10 0,015 

Coordinate Y Q3 0,77 10 0,006 

Coordinate X Q4 0,751 10 0,004 

Coordinate Y Q4 0,784 10 0,009 

Trunk Lateral Flexion 0,758 10 0,004 

Trunk Convex Lumbar Spine 0,747 10 0,003 

Forearm Right Pronation / Supination 0,844 10 0,049 

Wrist Right Ulnar / Radial Deviation 0,713 10 0,001 

Knee Left Flexion 0,782 10 0,009 

Knee Right Flexion 0,778 10 0,008 

ROSA Method 0,872 10 0,106 

Average Pressure 0,879 10 0,127 

Average Pressure Q2 0,875 10 0,113 

Average Pressure Q3 0,881 10 0,134 

Average Pressure Q4 0,849 10 0,056 

Average Contact Area Q1 0,91 10 0,284 

Coordinate X Q1 0,896 10 0,198 

Trunk Axial Rotation 0,867 10 0,092 
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Variable Statistic df Sig. 

Sex 0,637 20 <,001 

Trunk Inclination 0,901 10 0,226 

Head Axial Rotation 0,967 10 0,858 

Head Lateral Flexion 0,963 10 0,823 

Head Inclination 0,853 10 0,064 

Upper Arm Left External Rotation 0,937 10 0,523 

Upper Arm Right External Rotation 0,908 10 0,267 

Upper Arm Left Retroflexion / Adduction 0,989 10 0,995 

Upper Arm Right Retroflexion / Adduction 0,919 10 0,349 

Upper Arm Left Elevation 0,952 10 0,694 

Upper Arm Right Elevation 0,887 10 0,156 

Elbow Left Flexion 0,928 10 0,427 

Elbow Right Flexion 0,893 10 0,183 

Forearm Left Pronation / Supination 0,939 10 0,542 

Wrist Left Flexion / Extension 0,877 10 0,121 

Wrist Right Flexion / Extension 0,954 10 0,716 

Wrist Left Ulnar / Radial Deviation 0,928 10 0,433 

Table 4 - Correlation Matrix between the questionnaire variables. 

Variable Age Job Experience Time Spend Seated 
Chair Perceived 

Discomfort 
MSDs 

Exercise 

Hours/Week 

Age 1,000 ,807** 0,185 0,033 -0,101 -,590** 

Height -,446* -,458* -,473* 0,022 0,201 0,388 

Weight -0,102 -0,119 -0,103 -0,109 0,070 -0,167 

Job Experience ,807** 1,000 0,189 -,466* 0,144 -,603** 

Time Spend Seated 0,185 0,189 1,000 -0,111 -0,034 -0,164 

Chair Perceived Discomfort 0,033 -,466* -0,111 1,000 -0,289 0,188 

MSDs -0,101 0,144 -0,034 -0,289 1,000 0,000 

Exercise Hours/Week -,590** -,603** -0,164 0,188 0,000 1,000 

Neck (7 months) -0,219 -0,116 -0,032 0,055 -0,126 0,041 

Right shoulder (7 months) ,551* ,497* -0,028 -0,210 0,243 -0,356 

Both shoulders (7 months) -0,218 -0,277 ,592** 0,063 -0,289 0,376 

Left elbow (7 months) 0,341 0,367 0,272 -0,115 0,132 -0,345 

Right wrist/hand (7 months) -0,110 -,447* -0,028 ,490* -0,081 0,356 

Thoracic region (7 months) 0,058 0,044 0,395 -0,167 0,192 -0,110 

Lumbar region (7 months) -0,343 -0,436 -0,366 0,327 -0,378 ,524* 

Hips/Thighs (7 months) -0,061 -0,025 0,235 0,140 -0,081 0,264 

Knees (7 months) 0,248 -0,059 0,082 0,250 -0,192 0,125 

Ankle/Feet (7 months) 0,024 0,087 -0,028 -0,210 -0,081 -0,013 

Neck (12 months) 0,009 0,044 0,247 0,000 0,115 -0,179 

Right shoulder (12 months) 0,437 0,429 0,082 -0,167 0,192 -0,361 

Both shoulders (12 months) -0,135 -0,236 ,498* 0,140 -0,081 ,474* 

Right wrist/hand (12 months) 0,160 -0,122 -0,159 ,459* 0,132 -0,086 

Thoracic region (12 months) 0,058 0,044 0,395 -0,167 0,192 -0,110 

Lumbar region (12 months) -0,086 -0,368 -0,043 0,218 -0,378 0,359 

Hips/Thighs (12 months) 0,040 -0,305 0,272 ,459* -0,397 0,259 

Knees (12 months) 0,248 -0,059 0,082 0,250 -0,192 0,125 

Ankle/Feet (12 months) 0,261 0,224 -0,159 -0,115 -0,397 -0,345 

* Significance level α= 0,01 

** Significance level α= 

 





 

Silva, Ana Rosa  1 

Table 5 – Correlation Matrix between the pressure mat and the Xsens results. 

Variable �̅� 𝐀𝐜𝐨𝐧𝐭𝐚𝐜𝐭 𝐂𝐏𝐱 𝐂𝐏𝐲 �̅�𝐐 1 �̅�𝐐 2 �̅�𝐐 3 �̅�𝐐 4 𝐀𝐜𝐨𝐧𝐭𝐚𝐜𝐭𝐐 1 𝐀𝐜𝐨𝐧𝐭𝐚𝐜𝐭𝐐 2 𝐀𝐜𝐨𝐧𝐭𝐚𝐜𝐭𝐐 3 𝐀𝐜𝐨𝐧𝐭𝐚𝐜𝐭𝐐 4 𝐂𝐏𝐗1 𝐂𝐏𝐘1 𝐂𝐏𝐗2 𝐂𝐏𝐘2 𝐂𝐏𝐗3 𝐂𝐏𝐘3 𝐂𝐏𝐗4 𝐂𝐏𝐘4 

Trunk Axial Rotation 0,243 -0,261 -0,551 0,219 0,274 -0,432 0,511 -0,164 -0,061 -0,523 0,304 -0,304 0,456 -0,116 -0,4 0,195 0,071 -0,036 -0,052 0,164 

Trunk Lateral Flexion 0,042 -0,285 -0,039 0,133 -0,236 0,212 0,018 -0,212 -0,285 0,03 0,006 -0,139 0,044 -0,29 -0,303 -0,545 -0,141 0,143 -0,052 0,02 

Trunk Inclination 0,491 -0,152 -0,369 -0,412 0,479 0,43 -0,212 -0,212 0,394 0,442 -0,139 -0,127 -0,062 -0,29 -0,11 -0,311 -0,08 -0,259 0,276 -0,347 

Trunk Convex Lumbar Spine -0,212 -0,127 -0,058 ,691* -0,345 -0,552 0,333 0,236 -,685* -0,564 0,358 0,091 0,012 -0,058 -0,22 0,156 -0,101 0,493 -0,082 0,334 

Head Axial Rotation 0,067 -0,042 0,265 0,146 -0,018 0,103 -0,539 0,321 -0,139 -0,03 -0,248 0,176 0,162 -0,174 -0,22 0,156 0,422 0,065 0,425 -0,229 

Head Lateral Flexion -0,37 0,091 0,22 0,298 -0,406 -0,37 0,345 0,079 -0,285 -0,418 0,139 -0,006 0,181 0,406 0,055 0,311 0,04 0,13 -0,395 0,321 

Head Inclination -0,231 0,012 -0,344 0,273 -0,079 -0,596 0,614 -0,188 -0,17 -0,468 0,413 -0,134 0,128 0,291 0,028 0,273 -0,192 0,127 -0,352 0,454 

Neck Flexion / Extension -0,37 0,091 0,22 0,298 -0,406 -0,37 0,345 0,079 -0,285 -0,418 0,139 -0,006 0,181 0,406 0,055 0,311 0,04 0,13 -0,395 0,321 

Upper Arm Left External 

Rotation 
0,527 -0,115 -0,478 -0,405 0,382 0,345 0,2 -0,261 0,382 0,261 -0,006 -0,224 0,181 -0,29 -0,193 -0,389 -0,08 -0,331 -0,037 -0,216 

Upper Arm Right External 

Rotation 
,648* -0,576 -0,039 -0,583 0,552 0,527 -,661* -0,2 0,564 0,588 -,782** -0,539 0,443 -0,406 -0,468 -0,078 ,744* -,707* -0,097 -,859** 

Upper Arm Left Retroflexion / 

Adduction 
0,515 -0,479 -0,433 -0,146 0,479 0,176 -0,042 -0,248 0,164 0,176 -0,079 -0,358 0,037 -0,406 -0,358 -0,234 -0,04 -0,169 0,142 -0,321 

Upper Arm Right Retroflexion / 

Adduction 
0,127 -0,418 -0,149 -0,234 0,333 0,261 -0,503 -0,442 0,212 0,442 -0,273 -0,297 -0,231 -0,174 -0,083 -0,234 -0,06 -0,13 0,216 -0,282 

Upper Arm Left Elevation 0,067 -0,285 -0,039 0,038 0,067 -0,212 0,297 -0,018 -0,03 -0,006 -0,018 -0,297 -0,125 0,058 0 0,156 -0,08 -0,071 -0,5 -0,098 

Upper Arm Right Elevation -0,091 -0,212 0,091 -0,019 -0,03 0,261 -0,382 -0,248 -0,079 0,309 -0,115 -0,042 -0,355 -0,29 0 -0,467 -0,201 0,143 0,231 -0,072 

Elbow Left Flexion 0,564 -0,248 -0,381 -0,424 0,442 0,491 -0,091 -0,285 0,382 0,394 -0,152 -0,248 0,087 -0,406 -0,248 -0,467 -0,04 -0,318 0,157 -0,361 

Elbow Right Flexion 0,588 -0,345 -0,22 -0,469 0,358 ,661* -0,442 -0,248 0,358 0,564 -0,418 -0,261 0,206 -0,522 -0,385 -0,545 0,241 -0,389 0,157 -0,557 

Forearm Left Pronation / 

Supination 
-0,479 0,442 -0,323 -0,019 0,018 -0,188 0,091 -0,358 0,055 0,152 0,503 0,345 -,735* 0,174 ,633* -0,234 -,784** 0,363 0,336 0,557 

Forearm Right Pronation / 

Supination 
0,067 0,079 0 -0,386 0,067 0,527 -,673* -0,273 0,297 0,479 -0,333 0,079 0,181 -0,406 -0,11 -0,545 0,322 -0,214 0,365 -0,203 

Wrist Left Flexion / Extension 0,2 -0,042 0,394 0,317 -0,309 -0,139 0,37 ,721* -0,358 -0,382 -0,079 0,042 0,324 0,058 -0,248 0,389 0,342 0,019 -0,455 -0,19 

Wrist Right Flexion / Extension 0,539 -0,127 -0,149 0,171 -0,079 -0,006 0,345 0,467 -0,212 -0,333 -0,042 -0,055 ,717* -0,058 -0,578 0,234 0,442 -0,143 -0,276 -0,243 

Wrist Left Ulnar / Radial 

Deviation 
-0,091 0,164 0,472 -0,348 -0,079 0,491 -0,588 0,103 0,224 0,6 -0,406 0,188 -0,374 0,058 0,33 -0,156 0,04 -0,117 0,082 -0,308 

Wrist Right Ulnar / Radial 

Deviation 
-0,309 0,236 -0,304 0,19 0,224 -0,358 0,261 -0,188 -0,03 -0,2 0,588 0,224 -,698* 0,29 0,495 0,156 -,824** 0,422 0,529 0,505 

Knee Left Flexion -0,042 -0,067 -0,207 -0,596 0,515 0,333 -0,479 -,770** ,673* 0,527 -0,188 -0,248 -0,168 -0,522 0,165 -0,623 0 -0,331 0,365 -0,072 

Knee Right Flexion 0,055 -0,2 0,394 -0,564 0,139 ,770** -,818** -0,43 0,467 ,636* -0,624 -0,224 0,056 -0,522 -0,083 -,701* 0,362 -0,389 0,261 -0,426 

* Significance level α= 0,01 

** Significance level α= 
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Table 6 – Posture Risk Classification. 

Posture 
Body 

Regions 
Position 

Risk 

Factors 

Risk 

Classification 
Analysis Tool 

1 Trunk 
Supported on the chair 

back 
No risk Recommended Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

2 Trunk No lumbar support Risk 
Not 

Recommended 
Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

3 Trunk No upper back support Risk 
Not 

Recommended 

Supplementary 

information required** 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

4 Trunk No back support Risk 
Not 

Recommended 

Supplementary 

information required*** 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

5 Trunk 
Asymmetric trunk posture 

slope to the right 
Risk 

Not 

Recommended 
Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

6 Trunk 
Asymmetric trunk posture 

slope to the left 
Risk 

Not 

Recommended 
Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

7 Trunk 
Supported on the chair 

back 
No risk Recommended Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Interrupt blood circulation 

on the right shin 
Risk 

Not 

Recommended 
Pressure Sensor 

8 Trunk 
Supported on the chair 

back 
No risk Recommended Pressure Sensor 



 

2 

 

Posture 
Body 

Regions 
Position 

Risk 

Factors 

Risk 

Classification 
Analysis Tool 

1 Trunk 
Supported on the chair 

back 
No risk Recommended Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Interrupt blood circulation 

on the left shin 
Risk 

Not 

Recommended 
Pressure Sensor 

9 Trunk No back support Risk 
Not 

Recommended 
Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

10 Trunk No back support Risk 
Not 

Recommended 
Pressure Sensor 

 Neck No neck Support 
No 

risk* 
Recommended 

Supplementary 

information required 

 Arm 
Supported on the chair arm 

rest / table 

No 

risk* 
Recommended 

Supplementary 

information required 

 Legs 
Closer to 90° and feet 

supported 
No risk Recommended Pressure Sensor 

 

 


