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Abstract

Work-Related Musculoskeletal Disorders (WMSDs) are a common occupational health
problem among healthcare workers. The emergence of new technologies such as motion
capture offers a new approach to the study of the work conditions. This research studies
the situation of nurses and surgeons both through the use of motion capture and
traditional manual modelling of digital manikins. The research has been carried out
through the study of six tasks, four of which performed by nurses and two by surgeons.
Tasks have been selected after a literature review and interviews with surgeons and
nurses. The six tasks have been evaluated using two software: Jack Tecnomatix, whose
input was manual modelling of manikins following observational techniques; and IPS
IMMA, whose input was motion capture files captured through Xsens Motion Trackers
Awinda and processed with MVN Analyze. Results indicated that the tasks analysed
were potentially harmful to workers, being the trunk and upper limb regions the ones
that comprised higher levels of risk.
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1 INTRODUCTION

The conception and development of design projects encompass a set of tasks of very
different nature, from purely investigative to administrative or economic-related. These
tasks must be well put together and followed along the process to achieve quality
outcomes. Product design engineers are involved in most of these tasks, especially in
those referred to the conception and selection of new ideas and methodologies to guide
the process.

A common way to tackle design problems is the user-centred design process,
which comprises a methodology that puts the focus on the users and their needs all
along the design process (Unruh and Canciglieri Junior, 2018). It starts by
understanding the context in which the project is going to be carried out and the
product used (stage A in Figure 1)—observational studies, interviews and
questionnaires usually become useful in this phase—. Then, an identification of the user
needs (stage B in Figure 1) must be put into the requirements of the design (stage C in
Figure 1). These two phases set the frame that characterizes the project here presented.
The process finishes with the embodiment of these requirements in a specific design
solution (stage D in Figure 1), and is followed by an evaluation and verification phase
(stage E in Figure 1). The design solution is, in a last resort, implemented (stage F in
Figure 1). User-centred design processes have a strong iterative profile, in which user
insights and feedback become crucial for the efficiency and productivity of each one of
these iterations. (Richter and Fliickiger, 2014).

B.-User
needs
identification

C.-
Requirements

F.- E.-Evaluation
Implementation

Fig. 1. Proposal of user-centred design process

On its behalf, ergonomics-related issues set their foundation in the design-
human relation and, even though sometimes it is taken for granted, it could be the
reason why a design would not succeed. (Taveira and Smith, 2006)

The following sections serve as a general frame to put the reader in context.
First, the organizational environment will be presented. Second, the problem and
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purpose of the project will be described. Lastly, a brief guide on how the report is
structured is included.

1.1 ORGANIZATIONAL ENVIRONMENT

The project here presented is going to be carried out along with the User-Centred
Product Design research group (UCPD) at the University of Skdvde, in association with
the Department of Health Science, which will provide valuable information. Access to
specific software, equipment, and facilities will be provided by the University of Skovde.

1.2 PROBLEM

Work-related musculoskeletal disorders (WMSDs) caused by poor working conditions
can be found in pretty much every discipline, from construction to administration, and
are one of the main causes of sick leave in jobs (Jansson and Alexanderson, 2013).

Risk of injury caused by medical practices has been already studied by several
authors and organizations and the impacts on well-being have been demonstrated.
Moreover, these studies show that the work of nurses and assistant nurses seem to be
the most potentially hazardous due to being in contact with patients more frequently
than surgeons or office workers (Arvidsson et al., 2016; Menzel et al., 2004; Soylar and
Ozer, 2018).

Repeated actions related to the manual handling of patients and work done in
static awkward postures seem to be the main factors leading to injuries and
musculoskeletal disorders in nurses, while maintenance of static postures for long
periods of time and hand and fingers exertions affect surgeons in a higher manner
(Waters et al., 2009)

1.3 PURPOSE

The aim of this project relates to the identification of the specific practices that lead to
the appearance of musculoskeletal disorders in medical staff, their evaluation and risk
assessment.

In terms of technical development of the project, the application of the motion
capture system for human motion recording along with the implementation of
computerized evaluation through Digital Human Modelling software would also
constitute a central part of it.

Comparison between the application of motion capture and manual modelling in
the creation of digital humans; consideration of the anthropometric diversity and
comparison between RULA and OWAS when evaluating the same tasks are also
objectives of the project.

1.4 STRUCTURE OF THE REPORT

Due to the strong experimental profile of the project, the structure used for its
development is going to be formed by:

o Areview of the available literature to get to know what the ‘state of the art’ is.

e An explanation of how the project has been developed
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e A presentation of the results got and the conclusions they have led to.
e Adiscussion on the outcome and a proposal of ways to deal with the results got.
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2 BACKGROUND

Nowadays, work conditions have experienced an upgrade compared to the ones from
decades ago, and their growth keeps going. Even though some of the most demanding
works have been replaced or complemented by the use of machines, the action of human
factors to perform most of the tasks within the healthcare industry is still necessary.
These tasks usually imply physical exertions and repetitive motions that could extend
for long periods of time. Such a demanding situation not only causes physical disorders
but can also affect in a psychological manner (Rugulies et al., 2004).

Although the most obvious physically demanding jobs—such as the related with
the construction industry, farming, or mining—are normally observed with worry in
terms of potential injuries or disorders; the truth is that many other works, apparently
less harmful—e.g. office jobs, educational-related, healthcare-related—, also mean a
health hazard. Frequently, these health risks are embraced by the own workers as an
inherent part of the job they are developing, or are even unknown by them. In this sense,
numerous studies seem to point out that subjective assessment—normally based on
questionnaires and self-reports—provides a more optimistic view of the potential risks
than the observed through observational methods (Hanson et al., 2001; Homan and
Armstrong, 2003; Janowitz et al., 2006).

Due to these situations, many studies have been carried out over the years
aiming to improve the working conditions in different industries. To do this in a
systematic and reliable way, specialists such as ergonomists and practitioners have
proposed different methods to assess these working situations, most of them focusing
on physical factors—e.g., postures or loads—and the minority of them in both physical
and psychosocial variables, such as work organization, interpersonal relations or
discrimination at work (Aust et al., 2007; Rugulies et al., 2004).

Technological development in the last couple of decades has led to the creation
and implementation of digital tools for the simulation and evaluation in the field of
ergonomics. In this sense, Digital Human Modelling and direct measurement methods
seem to be a powerful tool to improve the human-design relation of both new and
existing designs (David, 2005; Duffy et al., 2008).



3 LITERATURE REVIEW

In this section, the information got from scientific articles, books, and research journals
is exposed. Three areas of study have been considered to have a major relationship with
the project’s nature: ergonomic evaluation methods; Digital Human Modelling; and
studies previously developed in hospitals.

3.1 ERGONOMIC EVALUATION METHODS: SELF-REPORTS, OBSERVATIONAL METHODS,
AND DIRECT MEASUREMENT METHODS

Ergonomic evaluation methods have conventionally been classified by different authors
into three categories depending on their nature and implementation technique: self-
reports, observational techniques, and direct measurements (David, 2005; Spielholz et
al,, 2001).

3.1.1 Self-reports

Self-reports gather a quick and straightforward set of techniques for data collection.
They are used to assess exposure at work based on data obtained from interviews with
workers, questionnaires, or diaries. Usually, the development of these techniques is
carried out using written methods, but nowadays it is common to find them as web-
based questionnaires or self-evaluation from videotapes (David, 2005). Self-reports are
also used as a way to gather information related to demographic factors like height,
weight, or age for statistical purposes. In practice, there have been remarkable
applications of these data collection methods like the one carried by Balogh I et al
(2001) on 14,556 subjects to study the relation between mechanical exposure of the
shoulder-neck region and shoulder-neck pain. This specific study drew interesting
conclussions due to the big sample employed.

Self-reports are often applied along with observational or direct measurement
methods and used as the first step to obtain massive information from the study sample
or to filter and arrange subjects based on different characteristics. Moreover, the data is
used to make comparisons between different groups and over time.

According to David (2005) and Grooten and Johansson (2018), the main
problem of using these methods rely on the imprecise conception the subjects have over
the exposure they experiment, which leads to the necessity of using large sample sizes
to get reliable data from the study case. It is common that workers experiencing some
sort of WMSDs, perceive their work at a higher level of intensity, frequency, and
duration compared to those with no record of WMSDs. In addition, self-report methods
have a comparatively low cost, which makes them a very appropriate way to get quick
and useful information in the beginning of the evaluation process, to use it in
combination with other methods for a more detailed analysis (David, 2005).

Some authors have presented standardized questionnaires for the assessment of
risk exposure, being one of the most used the Nordic Questionnaire for MSDs symptoms
(Kuorinka et al., 1987), which is presented in two sections, one for general purposes and
the other focusing on the low back and neck/shoulder area. Another widely accepted
questionnaire was created by Hollman et al (1999) based on the Dortmunder
Biomechanical Model of the Spine. After extensive investigation on the validity of the
test, it has been demonstrated to be useful and reliable (Janowitz et al., 2006).



3.1.2 Observational techniques

Grooten and Johansson (2018, p. 13) define observational techniques as ‘methods based
on concepts of an external observer (preferably an ergonomist) who fills in a predefined
scoring sheet while watching a worker performing his/her work’.

As explained by Grooten and Johansson (2018), observational methods are, out
of the three main assessment methods, the most useful for evaluating ergonomic risk in
work environments on a daily basis. In turn, David (2005) proposes a classification of
observational methods into simpler and advanced techniques, which will be introduced
in points 3.1.2.1 and 3.1.2.2.

A study carried by Lowe et al. (2019) showed a prevalence in the use of certain
observational methods in a sample of 405 certified ergonomists and practitioners from
the U.S,, Great Britain, Canada, Australia, and New Zealand.

The study revealed that the most frequently used methods were:

e NIOSH Lifting Equation (Waters et al., 1993)

e Rapid Upper Limb Assessment (RULA) (McAtamney and Nigel Corlett, 1993)
e Psychophysical Upper Extremity Data (Snook and Ciriello, 1991)

o Rapid Entire Body Assessment (REBA)(Hignett and McAtamney, 2000)

e Strain Index (Moore and Garg, 1995)

In addition, there are some other methods that, despite being used with less
frequency by specialists, can be useful depending on the nature and purpose of the
investigation —e.g. Ovako Working Posture Analysing System (OWAS) (Karhu et al,
1977), OCRA (Occhipinti. E, 1998), Quick Exposure Check for work-related
musculoskeletal risks (QEC) (Li and Buckle, 2016), LUBA (Kee and Karwowski, 2001),
and PLIBEL (Kemmlert, 1995)—

Grooten and Johansson (2018) consider the three main key issues of
biomechanical exposure as intensity (force and posture), frequency, and duration. Table
1 summarizes the most common observational evaluation techniques and the
parameters considered by each one of them:

Table 1. Most common observational techniques and parameters considered.

METHOD BODY PART INTENSITY FREQUENCY DURATION
NIOSH Upper body Force and posture Yes Yes
RULA Upper body Force and posture No No
REBA Whole-body Force and posture Yes No

STRAIN INDEX | Hand, lower arm Force and posture Yes Yes
OWAS Whole-body Force and posture Yes No
OCRA Upper extremity Force and posture Yes Yes

QEC Upper body Force and posture Yes Yes
PLIBEL Whole-body Force and posture No No
LUBA Upper body Posture No No



3.1.2.1 Simpler observational techniques

Grooten and Johansson (2018, p. 13) define simpler observational techniques as
‘methods based on concepts of an external observer (preferably an ergonomist) who
fills in a predefined scoring sheet while watching a worker performing his/her work.’
Simpler observational techniques are used for the direct evaluation of working postures,
assessed by an observer in comparison with pre-established values. Depending on the
selected technique, different exposure factors would be evaluated, ranging from just
physical factors from a specific area of the body to both physical and psychosocial ones.
In addition, simpler observational techniques are suitable for the assessment of static
postures and repetitive movements. The application of simpler observational
techniques has a relatively low cost, and return very reliable information due to the
comparison data being already contrasted.

A scoring system is commonly used in some of these techniques —e.g. RULA,
REBA, or OWAS—, being the returned value related to the necessity of intervention in
the situation studied. This system is known as the ‘traffic light’ system because the
situations’ risk exposure can be classified according to the colours:

e (Green: no intervention needed

o Yellow: intervention needed soon

e Orange (intervention required as soon as possible), although not used in every
technique, is sometimes added to this classification and located between yellow
and red.

o Red: immediate intervention required

Different types of methods put their focus on assessing specific parts of the
body—e.g. RULA (McAtamney and Nigel Corlett, 1993) focuses on assessing the upper
body, Strain Index (Moore and Garg, 1995) centres on evaluating the risk for the upper
limbs, and REBA (Hignett and McAtamney, 2000) assesses both the upper and lower
body. Therefore, the parameters considered by each one of the evaluation techniques
must be investigated before selecting one, in order to get the most valuable information
out of it.

3.1.2.2 Advanced observational techniques

Advanced observational techniques are used to assess highly dynamic activities. Data is
recorded by videotaping or computer and analysed through special software capable to
carry out calculations of positions, velocities, and accelerations of several joint segments
simultaneously (David, 2005). The analysis is usually aided by biomechanical models,
which are computerized representations of the human body as a set of articulated
segments linked together, forming a kinetic chain.

Advanced observational techniques have shown to be useful for efficiently
considering ergonomics throughout the development process in design projects. In
addition, a remarkable advantage when working with advanced observational
techniques is the verification of products and production lines ergonomics through the
inclusion of anthropometric diversity in the study (Bertilsson et al., 2010).

However, the implementation of advanced observational techniques is usually
quite expensive and require highly qualified staff for technical support. In contrast to
simpler observational techniques, advanced observational techniques are more time-
consuming but return highly detailed information (David, 2005).
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3.1.3 Direct measurement techniques

Direct measurement methods for ergonomic assessment purposes refers, according to
David (2005, p. 192), to: “methods that rely on sensors that are attached directly to the
subject for the measurement of exposure variables at work.”

The instruments used for measuring purposes range from devices capable to
measure angles between two segments of the body to others that record data for several
joints at a time during the performance of a task.

Table 2 presents the most common instrument for direct measuring and their
utility for ergonomic evaluation purposes.

Direct measurement techniques gather the most novel processes on data
collecting for risk exposure assessment. However, Grooten and Johansson (2018) point
out that direct measurement techniques are more expensive than observational
techniques, need for experts to be implemented in the studies, and can interfere with
the organization’s usual workflow.

Table 2. Instruments used for direct measurement.

Instrument Function

Electronic goniometers Measures the angle between two segments

Electronic torsiometers Measures the amount of twist of a segment
Inclinometers Measures an angle with respect to a plane of reference
Accelerometers Measures the acceleration of a segment

EMG (Electromyography) Records force and tensions supported by muscles during exertion.

LMM (Lumbar Motion Tri-axial goniometer thatrecords data of position, velocity, and
Monitor) acceleration of the trunk. Used for back posture assessment.

3.2 DiGITAL HUMAN MODELLING (DHM)

Digital Human Modeling (DHM) can be defined as a “digital representation of the human
inserted into a simulation or virtual environment to facilitate prediction of safety and/or
performance”, what can include visualization and “math or science in the background”
(Duffy et al., 2008, p. 1)

It is important to tackle the ergonomic issues in the early stages of the product
development cycle so that the final user or worker does not run the risk of using a
dangerous product that can affect his or her health. It would be desirable that most of
the changes and improvements related to ergonomics were done using DHM as support,
due to being cost-effective and timesaving. DHM is a great tool to consider ergonomics
at this phase since the final design does not need to have been developed yet. (Chapanis,
1995; Duffy et al,, 2008)It is important to tackle the ergonomic issues in the early stages
of the product development cycle so that the final user or worker does not run the risk
of using a dangerous product or system that can affect his or her health. It would be

S
iz L
A Ay
Wactr



desirable that most of the changes and improvements related to ergonomics were done
using DHM as support, due to being cost-effective and timesaving. DHM is a great tool to
consider ergonomics at this phase since the final design does not need to have been
developed yet. (Chapanis, 1995; Duffy et al., 2008)

When considering ergonomics in design, it is common to refer to three different
approaches. In particular, Don B. Chaffin (2008, pp. 2.2-2.4, as cited in Duffy et al., 2008)
classifies them into the following groups:

e The traditional approach, which consists of consultation of traditional Human
Factors guides, data sources, reference books, standards, etc.

e Building and testing prototypes of proposed designs with sample users.

e Virtual CAD prototypes developed with DHM to test a variety of proposed
designs and user attributes.

Although the three methods presented above can complement each other, all of
them have limitations. According to Chaffin (2008, as cited in Duffy et al.,, 2008), the
traditional approach can provide useful information and guidelines, but it can become
difficult to apply them to specific problems. On the other hand, building prototypes can
be expensive and time-consuming, besides choosing a suitable sample of people can be
arduous. What makes DHM interesting is that it can be applied to the specific considered
problem and without the necessity of building a physical prototype, which could
potentially reduce the economic cost of the project.

However, DHM is not only useful when the objective is to design something new
from the beginning but can be also a great tool to evaluate existing products or work
situations and environments. In this sense, models addressed to optimize product
design and to evaluate real work situations and environments seem to be of different
nature. According to Wang (2006), two different models can be distinguished depending
on their approach: those based on ‘design’ or ‘biomechanical parameters’. While the first
could be used by designers to improve the design of a product, the second could help to
“understand possible sources of discomfort”. However, Wang also points out that
internal biomechanical constraints “have not been adequately taken into account in
digital human modelling”. Although challenging, the use of DHM to evaluate discomfort
seems to be a great way to analyse and learn about the origin of WRMDs in actual
environments.
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3.3 PREVIOUS STUDIES IN HEALTH CARE CENTRES

MSDs do not only affect the workers’ health. As Soylar and Ozer (2018) state, the
appearance of MSDs at work can end up causing a “severe impact on the quality of life
and result in work constraint, absenteeism or even the want to change jobs”.

Regarding the impact of WMSDs, the healthcare industry presents one of the
highest numbers of work-related incidents and injuries (Janowitz et al., 2006). In 2001,
the US registered an incidence rate of 8.8 per 100 full-time workers and an average
incidence value of 5.7. This fact makes the healthcare and hospital industry the second
most affected field within the private sector with 286,000 cases in 2001 (US Department
of Labor Bureau of Labor Statistics, 2002).

A great number of studies has focused on the assessment of risk exposure of
nursing personnel, since they are the most affected workers within the hospital industry
in terms of musculoskeletal disorders (Arvidsson et al., 2016; Menzel et al., 2004; Soylar
and Ozer, 2018). Studies carried both by Yan P et al. (2016) on 2851 nurses and Letvak
et al. (2012) on 1171 nurses, revealed a prevalence of musculoskeletal disorders of
78.5% and 71% respectively. In addition, Bos E et al. (2007), in a study carried on 3169
nurses found out that 76% had lower back problems and 60% presented neck-shoulder
problems.

Finally, Soylar and Ozer (2018) conclude in their review of studies of
musculoskeletal disorders on nursing personnel that the prevalence of WMSDs was
higher in operating rooms and intensive care units.

3.4 IMPLEMENTATION

The topics discussed in this literature review have been thoughtfully selected to set the
frame of reference for the upcoming chapters. In this sense, all of them have a direct
relationship with the purpose of the project and will be applied during its development,
as explained below. The combination of theoretical, technical, and practical content fully
covers the necessary aspects to back up the decisions taken in the following parts.

For this matter, discussing the main evaluation methods for postural risk
assessment (David, 2005) was the first step of this literature review. These three
techniques—i.e. self-reports, observational techniques, and direct measurement
methods—will be introduced and applied in our project in the following manners:

o Self-reports, discussed based on researches made by David (2005), Hollmann et
al. (1999), Janowitz et al. (2006), and Kuorinka et al. (1987), and shaped as
interviews and questionnaires, will set the starting point of this project’s
investigation. Information given by the group of study—i.e. healthcare personnel
at hospitals and health care centers—will be important to fully understand the
problem in their specific context and rearrange it in the most appropriate way.

e The way the studies will be developed make of the observational techniques
(David, 2005; Grooten and Johansson, 2018; Karhu et al, 1977; Lowe et al,,
2019; McAtamney and Nigel Corlett, 1993) a big cornerstone of the project. The
correct selection of the methods for assessing each one of the tasks and postures
will be of great importance to get the most realistic outcome. For this purpose,
the available evaluation methods, as well as the variables that intervene in each
one of them, have been looked into.

e Lastly, direct measurement methods encompass the main source of information
to carry out this study. Tasks executed by healthcare personnel will be recorded
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through the Xsens’ motion capture system MTw Awinda and, aided by DHM
software, evaluated (Grooten and Johansson, 2018; Xsens Technologies B.V,,
2018).

A strong investigative profile can be drawn from the first part of this project;
however, its practical deployment is characterized by its technical side. Digital Human
Modelling (DHM) (Duffy et al., 2008) encompasses a methodology in which this study
will strongly rely on. Employing software and instruments related to the purpose of the
project will make a big difference in the final quality of this work. Finally, the most
recent studies (Arvidsson et al., 2016; Bos E et al., 2007; Janowitz et al., 2006) on the
relationship between musculoskeletal disorders and work demands on healthcare
personnel have been analysed in section 3.3 to set an adequate starting point for the
development of this project.

11
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4 METHOD

The approach taken to develop the project starts with the definition of the group of

study

and finishes with the simulation and evaluation of work conditions, as described

in the following lines. A diagram of the method workflow is included in Fig. 2 for a better
understanding.

The following lines describe the steps to follow:

1)

2)

3)
4)
5)

6)

2 W

4
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v
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The group of study will be set, notwithstanding that it may undergo
modifications according to actual access to the healthcare personnel at all times.
A data collection process will be developed. On the one hand, an interview with a
public health specialist nurse and lecturer at the University of Skovde will be
conducted, in order to know the material, physical and human resources that
will be available for this study. On the other hand, interviews and questionnaires
to nurses and surgeons will be designed. The objective is to know first-hand
potential risks to the health of workers, thus combining the knowledge acquired
thanks to the literature review with opinions and experience of the healthcare
personnel involved in this project.

Based on the interviews and questionnaires, three personas will be developed.
These characters will embody the tasks that will later be simulated.
Anthropometric diversity will be considered through the creation of manikin
families based on two out of the three personas.

Concrete tasks and postures that will be simulated for evaluation will be
established.

Ergonomic evaluation of the selected tasks will be carried out. For this purpose,
the input will be obtained in two ways: ‘directly’, using the motion capture
system Xsens and ‘manually’, modelling the postures using Jack Tecnomatix.

Group of study
definition
P
Dat:.a .| - University of Skiivde Health Dep. interview
colection “| - Interviews & Questionnaires
\
Data. | -Personas
Analysis 7| - Taskselection
1
I 1
Motion Manually
modelled
Capture o
manikins
IPS IMMA S -RULA- < Jack
] [
I———|——-. I___l___.
- Persona 1 | - Persona 1 | - Manikin Family 1
I ) . anikin Family
| Persona2 | I' - Persona 2 - Manikin Family 2
-Persona3 | | -Persona3 |

Anthropometric
diversity

Fig. 2. Method workflow.



4.1. GROUPS OF STUDY

Among the wide variety of workers within the healthcare industry, surgeons and nurses
have been selected as the object of study. These two groups of workers are in direct
contact with the patient and must adapt themselves continuously to the patient’s
necessities. This may lead to adopting risky postures that can injure the worker in a
medium or long-term, although work was tolerable and free of damage when done for a
short period of time (Spath et al,, 2006).

On the one hand, nursing personnel constitutes an interesting group of study
within the healthcare industry for several reasons. First, nurses are, together with
assistant nurses, those who spend more time in direct physical contact with patients
(American Journal of Nursing, 1979). Second, their work involves many different but
repetitive tasks that must be performed every day, for example: changing medication,
putting catheters, or transferring and washing patients. Lastly, the need to put patients'
care before their own comfort can result in oversight in the workers' health.

On the other hand, surgery personnel can perform operations ranging from 20
minutes to several hours. Often—e.g. laparoscopies—, surgeons must remain standing
in static postures for long periods of time, where the only allowed movements are those
to be performed with the upper limbs to continue with the operation (Vereczkei et al,,
2004). It is possible to imagine that tension and stress levels can be considerable during
certain situations in which the precision required is high.

According to Grooten and Johansson (2018), the three key factors that
contribute to biomechanical exposure are frequency, intensity, and duration. It seems
reasonable to think that, while nurses are more affected by factors as frequency and
duration—due to routine tasks and great weights involved, respectively—, surgeons
may be more affected by the intensity of the operations—where they must be focused in
just one patient, often for several hours—. On this consideration, though, it will return
throughout the study.

Considering all the above mentioned; knowing that available evaluation
methods are more focused on assessing dynamic tasks (see Table 1 for comparison
between factors); considering that tasks performed by nurses are more generic than
those performed by surgeons—which are of very different nature depending on the
speciality—; and knowing beforehand that access to nurses will be easier than to
surgeons; nursing personnel will constitute the main group of study of this project.

4.2 DATA COLLECTION

Before starting the simulation and recording processes, it was important to choose
which tasks and postures, performed by healthcare personnel, were going to be
analysed since time and resources were limited. Besides the information provided by
the literature review, the possibility of listening to actual healthcare workers’
experiences and opinions was considered as potentially and particularly beneficial. The
objective was to complement the scientific approach with first-hand information and to
somehow assess the theory-pragmatism relation.

For this reason, interviews with both professionals from the Health Department
of the University of Skovde and healthcare workers from different hospitals in the
Canary Islands (Spain) were carried out.

13

W

jptes
o0

(F 4

A hady
5k



4.2.1 Interview and questionnaire for nurses and surgeons

In order to gain first-hand information from workers whose tasks and postures will be
studied later, two tools are going to be used:

e First, an interview has been designed in two variants: one for surgeons and
other for nurses. There is a common part for both groups, consisting of
demographic data, age, weight, height, that can be useful when evaluating
postures. A second part has been specifically designed both for surgeons and
nurses, attending the potential risks that each work can involve. For the design
of the interviews, some studies carried out by Janowitz et al. (2006), and
Rugulies et al. (2004) have been also considered.

e Secondly, a questionnaire in the form of a self-report has been designed. The
objective is to identify the most common unsafe postures for the body.

In this way, interviews and questionnaires would respectively cover a
qualitative and quantitative side of the data collection. Results from the interviews are
exposed in sections 4.3.2 and 4.3.3.

4.2.1.1 Interview

As mentioned before, interviews for nurses and surgeons are aimed, not only to get
information about the riskier postures and tasks performed by these workers but also to
understand the context in which they are performed. Questions in both interviews cover
almost the same matters, such as subjective vision or psychosocial aspects. These
matters will be further explained in the following sections.

Questions have been drawn up from a number of categories, and are thus
presented here for a better comprehension of the interview, its motivations, and goals.
These categories, however, have not been shared with the interviewees, in order not to
influence their answers. In contrast, interviews have been carried out in one go,
allowing the interviewee to answer each question freely—although it implied answering
another question at the same time—so that it was possible to get an insight into the
problem.

Interviews have been designed trying not to bias the interviewee’s answers. For
this, before going to specific questions about risky postures or tasks—e.g. “What are the
most physically demanding tasks?”—, first questions are addressed to know the
subjective vision of the interviewee—e.g. “Do you think you have had pain due to your
work?”—.

In general, questions have been made out as open as possible. It has been
necessary, though, to ask about specific aspects, such as duration or intensity of some
tasks, but always with the aim of letting the interviewees express themselves and tell
everything they considered relevant.

Finally, it is known that the length of the interview is an important issue
(Loosveldt and Beullens, 2013). Shorts interviews may not supply enough information;
long interviews may mean a problem for the interviewee. In order to get enough and
useful information, at the same time that it was possible to get participants (without the
interview’s length meant a hindrance), time was estimated between 20 and 40 minutes.
Real interviews confirmed this estimation.
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4.2.1.1.1 Interview for nurses

Questions are classified into the following categories:

e Demographic data. Useful data to classify interviewees. Data such as height or
weight have an influence on the adopted postures.

e Subjective vision. First, questions aim to know the participant’s opinion. Before
asking for specific postural problems, it is advisable to know if the interviewee
has ever considered ergonomics at work as a problem. Does he/she think that
the way they work poses a health risk? Have they ever thought about it?

e Psychosocial aspects. An increasing number of studies indicate that psychosocial
working conditions are a contributor to hospital workers’ musculoskeletal
disorders (Daraiseh et al., 2003). According to Aust et al. (2007), factors like
“quantitative demands at work”, “high work pace” and “work organization” seem
to influence the appearance of WMSDs. This part of the interview does not aim
to start a study about psychosocial factors and their influence in WMSDs—which
would exceed the purpose of this project—, but it aims to know if a factor such
as work pressure influence the quality of the postures nurses adopt.

e Intensity, duration, and frequency. As mentioned before (see 3.1.2), these are the
three key factors (Grooten and Johansson, 2018) when it comes to assessing
movements biomechanically.

e Previously identified problems. During the preceding literature review and
analysis in general, several problems have been previously identified. The goal
of these questions is to confirm or reject the importance of those problems.

e Improvements. Last, a question about potential improvements the participant
may has thought about. This can also be a way to interpret which the
participant’s main concerns are.

e Free conversation. Although the interview tries to be open from the beginning, a
space has been included to allow the worker to speak freely, about what he/she
considers relevant.

4.2.1.1.2 Interview for surgeons

Changes in the questions’ categories concerning the nurses' interviews are two:

e Psychosocial aspects. Nurses can be overworked when numerous patients arrive
in a short period of time and the hospital is understaffed. Operations are
different. Normally, they are scheduled; but even if they were emergency
operations and there were more patients that surgeons, it would be very difficult
that surgeons could leave a surgery room to enter in other, mainly due to
sterilization issues. Therefore, that kind of work pressure does not affect equally
to surgeons and, consequently, this question has been removed for surgeons’
interview.

e Individual experience. While the tasks nurses perform are similar, among
surgeons there are different specialization. Thus tasks, operations, demands, and
postures can be very different if the surgeon is a neurosurgeon or a plastic
surgeon.Different questions regarding the most hazardous tasks and postures
they perform within their specialization have been included in this different
category: individual experience.
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MODEL OF THE INTERVIEW FOR NURSES

Demographic data

Identification (A, B, C, etc.)

Gender

Age

Weight (kg)

Height (cm)

Sitting acromial (cm)

Acromial height (cm)

Shift duration (h)

Active years

Speciality

Centre

Questions

Subjective vision

e Do you think you have had pain due to work? Where? Which tasks do you think
influence that pain?

e s there any posture that you consider to be especially tough? Which? In which
context?

e [sthere any task that you consider especially uncomfortable?

Psychosocial aspects

e Do you consider that time-related work pressure makes an impact on the quality of
your postures? In which sense?

¢ Do you feel like the quality of your postures varies during your workday?

Intensity, duration & frequency

e  Which are the most time-consuming tasks?
e  Which are the most physically demanding tasks?
e  Which are the most repeated tasks?

Previously identified problems

e Have you ever had postural problems while...
o cleaning patients with reduced mobility?
o changing patients from one bed to another or to a chair?
o carrying patients in wheelchairs?

Improvements
e Any improvements?

Free conversation with nurses
Invite the interviewee to talk freely about his or her workday, conditions, problems.
Enough recovery time between shifts?
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MODEL OF THE INTERVIEW FOR SURGEONS

Demographic data

Identification (A, B, C, etc.)

Age

Gender

Weight (kg)

Height (cm)

Sitting acromial (cm)

Acromion height (cm)

Shift duration

Active years

Speciality

Surgery room (specific operations)

Centre

Questions

Subjective vision
¢ Do you think you have had pain due to your work as a surgeon? Where?
e  Which parts do you suffer the most during long operations? How many per week?
e Which parts do you suffer the most during short operations? How many per week?

Intensity, duration & frequency
e How many times do you operate a day? How many times per week?
e What is the operations’ time span?
e Which are the most demanding operations? How often do you perform those
operations?

Individual experience
o  Which are the rarest or uncomfortable postures for the hands (or upper limbs)?
e (Could you describe two postures (in context) that are especially uncomfortable?
e Could you enumerate the following parts according to the overall soreness
experienced? Neck, shoulders, lower back, upper limbs, hands, and legs.
e Have you received training related to patient handling (referred to ergonomics)
before? Do you apply the principles learned?

Previously identified problems

e Do you think that there are some external factors that compromise the quality of the
ergonomics? Which ones? (surgical instruments, bed’s height)

Improvements
e Any potential improvements?

Free conversation with surgeons
How many times a week do you operate? Routine (scheduled days for
operations/medical consultations)



4.2.1.2 Questionnaire

While the information that interviews aim to gain is qualitative—since they are open
and built in such a way that the participant can describe in detail the context—, the
questionnaire presented below tries to get quantitative information. To complement
interviews, a questionnaire in the form of self-report to be fulfilled by the interviewees
has been added.

The objective is to measure which are the most common postures adopted by
surgeons and nurses. For this, questionnaire data has demonstrated to be very useful if a
high level of precision and detail is not required (Janowitz et al., 2006; Waters et al,,
1993).

For this purpose, the Dortmunder questionnaire has been chosen. This
questionnaire, technically based on the Dortmunder Biomechanical Model of the Spine,
seems to be a widely accepted tool within the healthcare industry (Antolinos Guinart,
2016) and has demonstrated test-retest reliability when used in a health care setting
(Janowitz et al., 2006). The specific model presented below is a modification made by
Janowitz et al. (2006), based on the model by Hollmann et al. (1999).

The objective is to identify the most common ranges in which trunk, arms, and
legs move. By doing this, attention will be put in those tasks framed in the most frequent
ranges.
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QUESTIONNAIRE MODEL

Very

Posture Never Seldom Sometimes Often
often

Trunk Posture

Straight upright

Bent half-way forward (about 452)

Bent very forward (about 752)

Twisted /rotated

Bent to the side

Arm positio

=

Both arms raised so that elbows are
above chin height

One arm raised so that elbow is
above chin height

Both arms raised so that elbows are
above chest height

One arm raised so that elbow is
above chest height

Both elbows below chest height

Leg Position

Sitting

Standing

Squatting

Kneeling (on one or both knees)

Walking, moving

Lifting pushing, pulling or carry with upright trunk posture

Light force (up to 11kg)

Moderate force (11-23 kg)

Heavy/high force (more than 23 kg)

Lifting, pushing, pulling or carry with bent trunk

Light weight or force (up to 11 kg)

Moderate weight or force (11-23 kg)

Heavy weight or force (more than
23 kg)

Fig. 3. Self-report form based on the Dortmunder model, modified from Klimmer and Hollmann (1999)
(Janowitz et al, 2006)
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4.3 DATA COLLECTION RESULTS

Results from the data collection are presented in three sections: results from the
interview with the Health Department of the University of Skovde; results of the three
interviews and questionnaires with nurses; and results from the three interviews and
questionnaires with surgeons.

4.3.1 Health Department of the University of Skévde

An interview with a member of the Health Department of the University of Skovde was
carried out. The interviewee, PhD, FNP, RN, is a registered nurse with a post-graduate
diploma as a public health specialist in nursing, earned in a joint programme at the
universities of Rhode Island and Skévde. She worked in end-of-life care in hospitals and
outpatient care for special living and home care, and she is also a senior lecturer in
nursing at the School of Health Sciences of the University of Skovde. Her numerous
publications are mainly focused on older people in the home and their health and well-
being.
The information got during the interview with can be summarized as follows:

e Access to surgeons and surgery rooms seems unrealistic due to extreme
workload and difficulties in the implementation of the motion capture system in
real operations.

e A better approach could include nurses and assistant nurses as the main group
of study, since there could be access to the Clinical Training Centre at the
University of Skovde and, to a lesser extent, educational units in the hospital.

e Special attention to physical problems caused by repetitive movements and
focus on upper limb disorders (such as carpal tunnel syndrome) and low back
area injuries.

e Other workers that could be considered for the study, due to their physical
implications are occupational therapists, physicians and physiotherapists.

e Some physically demanding tasks, such as changing catheters, cleaning patients
or turning them over on bed when they have spent too much time in the same
position.

o Home healthcare personnel encompasses an interesting group of study due to
difficulties in treating patients in non-professional environments.

4.3.2 Interviews and questionnaires with nurses

In total, three nurses have been interviewed by phone and have filled out the
questionnaires by email. Their answers can be consulted in Appendix 10.1.
Interviews with nurses gave some relevant information:
o All the interviewees ensured to have experienced some sort of pain due to their
professional activity.
e Patient handling tasks were considered especially harmful by all the
interviewees.
e Lower back was the most referred region where the interviewees feel pain.
o All the interviewees declared to have received patient handling techniques
training.
e Although knowing the correct techniques, all the interviewees stated that work
pressure leads them to neglect their postures.
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The available time to dedicate to each patient influenced directly the time the
interviewees dedicate to take care of their postures, e.g. adjusting bed height.

All the interviewees stated that repetitive tasks, e.g. changing medication or
putting catheters, have a strong impact on the global feeling of tiredness,
although those tasks were not very physically demanding.

All of the interviewees ensured that their postures were more neglected as the
shift progressed.

One of the interviewees considered home health care especially hazardous in
contrast to hospitals, due to the lack of specialized equipment.

From the questionnaires, the information can be summarized in the following lines:

43.3

All the interviewees stated to work with the trunk bent between 452 and 752
‘often’ or ‘very often’.

All the interviewees stated to work with both elbows below chest height ‘often’
or ‘very often’.

All the interviewees stated to work ‘walking/moving’ ‘very often’, and ‘seldom’
to work seated.

All the interviewees considered that they have to lift, push, pull or carry ‘heavy
weights (more than 23 kg)’ with upright trunk ‘often’.

All the interviewees considered that they have to lift, push, pull or carry
‘moderate weights (between 11 and 23 kg)’ with bent trunk ‘sometimes’.

Interviews and questionnaires with surgeons

Three surgeons have been interviewed by phone and have filled out the questionnaires
by email. Their answers can be consulted in Appendix 10.1.

The following points summarize the information given in the interviews with
surgeons:

All the interviewees ensured to have experienced some sort of pain due to their
professional activity.

All the interviewees reported that the most affected regions are the lower back
and neck regions.

Regardless of the duration of the surgery, all the interviewees stated they suffer
from the same regions of the body, i.e. back and neck.

All the interviewees considered the shoulders as the third most affected area
due to their professional activity.

All the interviewees considered the lower limbs the less affected area due to
their professional activity.

All the interviewees described their tasks as mainly static.

All of the interviewees considered the equipment used as correct.

None of the interviewees received specific postural-related training to develop
their job safely.

Regarding the questionnaires, the information is summarized in the following lines:
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All the interviewees ensured to work ‘very often’ with the trunk straight and
‘sometimes’ slightly bent.

All the interviewees stated to work with the elbows below the chest ‘very often’.
All the interviewees stated to be normally seated or standing and never kneeling
or squatting.
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o All the interviewees stated not to lift weights greater than 11kg in their
workplace.

4.4 PERSONAS

In a project, when it comes to clearly communicate the stakeholders the nature of the
target group or, in this case, the group the study will be addressed to, ‘personas’ are
useful tools to facilitate the task (Nielsen, 2019). It is believed that the use of personas
facilitates empathy and understanding of the user needs (Preece et al,, 2002).

In this case, the aim behind the development of personas was not only to
communicate the profiles of healthcare workers in an easy and visual way, but also to
structure and guide the ergonomic analysis throughout the project. Some aspects
regarding the created personas are the following:

o Three personas were developed: two nurses and one surgeon. With the
information collected in that moment, nurses seemed to be more potentially
exposed to hazardous situations than surgeons, and real access to nurses was
much easier than to surgeons.

e Personas were mainly based on the information provided by the interviews.

e Personas would have four sections:

o About. Age, status, location, workplace, post and years of experience.

o Bio. A brief story about the profile’s work related to discomfort, injuries
or soreness at work.

o Frustrations and Motivations, related to his/her work. The objective is
that the reader could empathize with the worker.

o Quotation. A short quotation to sum up the worker’s personality.

e Both the analysis through motion capture and through digital human modelling
were characterized by these three personas.
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4.4.1 Personas created

Personas 1, 2 and 3 are described in Fig. 4, Fig. 5 and Fig. 6. To represent these
Personas during the simulations with IPS IMMA and Jack Tecnomatix, and perform the
tasks during the recording session with Xsens sensors, three real people—actors—
which could fit the profile of these Personas have been selected. Henceforth, the
nomenclature used to refer to Personas 1, 2 and 3—embodied in the three real people
selected—is going to be P1, P2 and P3, respectively. Measurements of the three actors
used to represent the three personas are shown in Table 3. This information also served
as input for motion capture purposes while setting up Xsens’ MVN Analyze software.

Table 3. Measurements of the three actors representing the three Personas (all values in cm.).

Body part Actress 1 representing Actor 2 representing Actor 3 representing
Persona 1 Persona 2 Persona 3
Body height (cm) 176.0 193.0 188.5
Shoe length (cm) 26.7 32.0 335
Shoulder height (cm) 144.0 158.2 158.2
Shoulder width (cm) 33.2 415 40.7
Arm span (cm) 169.2 186.5 191.3
Hip height (cm) 100.8 100.0 185.0
Hip width (cm) 24.2 26.5 27.0
Knee height (cm) 519 52.5 58.0
Ankle height (cm) 9.5 8.8 10.5
Sole thickness (cm) 2.2 1.6 2.5
Persona 1

Persona 1, Lisa, and its description are displayed in Fig. 4.

, NUrse

Motivations

- Helping people recover from their illnesses to
retum to their normal lifes.
Las Palmas de Gran Canaria, Spain - Feels that is our duty to take care of those who
are not going through a good time.

ce: General Hospital José Molina

cious that is not her fault, she is “

when some patients fail to H
T laking care of each other

s thinks thot something could IS everyone’s job.
done bettey, and it leads her . i
ecure. For nurses, is our duty.

i her first year of nursing apprenticeship in a hospital, For several years, she has been playing volleyball,
Since she started working, though, it has been difficult to combine both things. She quitted volley

going fo the gym sometimes. As a novice, she performs many different tasks such as measuring

ire or changing serum providers. Occasionally, she also participates in surgeries os a theatre nurse

8 she has fo stand still for several hours. Due to work overload, she has no time to perform tasks with

the caution needed. In this sense, transferring patients or changing medication without adjusting

bed height and other equipment dimensions can mean a pain in the lower back.

Fig. 4. Persona 1 (see Appendix 10.2 for higher resolution).
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Persona 2

Persona 2, Daniel, and its description are displayed in Fig. 5.

D a niel nurse

Motivatio

- Proponent of work well done
- Great respect for the sciences and medicine
- Spirit of sacrifice
- His aim is to fight against the illness; to help
the patient is the consequence.
rkplace: Primary health centre Puerto Carmen
erience: 3 years

necessary working hard. However, sometimes

ients do not receive the best attention, just There /S On/y one Way to

cause equipment is not good enough. He claims

for the best work conditions, and he feels devastated dO fh/ngs l‘he ['[ghf Way “

when injuries in the workplace or patients’ health risks
Id have been avoided.

- Daniel does not mind to spend as much time as “

has been working for four years in a primary health centre. He combines the shifts at this centre with
heir patients” homes. According fo Daniel, ot primary health centres, quality of the equipment islower
ipared to hospitals. “Equipment iscompletely behind the times: beds height is not adjustable, tools and
nts are in very bad conditions, and quite often electronic devices need to be repaired”. On the other
id, he describes home visits as the most demanding part of the work, since those patients have normally
uced mobility and there is not mobile equipment that he can bring to the residences. In consequence,
he has to adapt to specific conditions each time, which leads him to adopt weird and dangerous
postures when it comes to change medication and healing procedures.

Fig. 5. Persona 2 (see Appendix 10.2 for higher resolution).

Persona 3

Persona 3, Daniel, and its description are displayed in Fig. 36.

Aichael s.qcon

Motivations

- Michael’s love for medicine runs in the family.
He enjoys with the work he has, and all what
he wants is to improve working conditions so that
his personal work is also the best possible.
‘Surgeon, Urology
Nc pluce University Hospital Victoria

ael thinks that comfort in his work is “
ectly related to the quality of the service H
L J ier:t will receive.qF:r !l; reusonfvhe The ONIy Way [O Imp fO V?
anroyed when, in the middle of an IS being aware of fails.
Ia ation, he realizes that is thinking about

iscomfort instead of focusing on the patient.

on his second yeor of urclogy training ot University Hospital, in Méloga, Spain. He was born in o family of
hdoetors 5o his interest in medicine comes from an early age. When it comes to his job, he considers himself as
ive and ambitious person, always looking for ways to get better at it and improve his work environment.

‘h‘ 'sees the latter os a crucial aspect to get the best outcome of his work. However, being much taller than his
olleagues has always set difficulties in his daily routine, from working on his desk to bed height in the surgery
¥oom, since it is adapted to the main surgeon. As an apprentice, his tasks in the surgery room are mainly
focused on helping out his colleagues. This involves holding static postures for long periods

of time, which turns into pain and soreness in the lower back and neck area.

Fig. 6. Persona 3 (see Appendix 10.2 for higher resolution).
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4.5 ANTHROPOMETRIC DIVERSITY

In this project, some tasks performed by healthcare personnel will be analysed. For that,
postures adopted in those tasks will be both modelled ‘manually’ using DHM software
and captured ‘automatically’ using motion capture sensors. With these techniques, it is
expected to achieve a high level of fidelity in the representation of real postures.

However, the whole process would be only applied to three profiles: the three
personas mentioned in section 4.3. Therefore, the results of this study, although good,
could hardly be extended to others than the personas studied.

To complement this study, anthropometric diversity will be considered through
the creation, in the Jack software, of two families of digital manikins based, respectively,
on personas 1 and 2. These personas match the nurses' profiles, which are the main
group of study.

The family consists of six boundary manikins, representing the boundary cases.
To define boundary cases, the confidence ellipse method will be used (Brolin et al,,
2012). Two dimensions will be set as key dimensions:

o Sitting acromial (Jack)/shoulder height, sitting (antropometri.se).
e Acromion height (Jack)/shoulder height (antropometri.se)

4.5.1 Key dimensions

When nurses have to bend the back to treat patients in beds, the back’s length influence
directly the effort supported by the erector spinae. A longer back will imply more weight
far from the lumbar spine and hence will cause more momentum and more stress in the
lower back. A shorter back will cause the opposite: a back’s centre of gravity closer to
the lower back, less momentum and less stress. Hence, the measure “sitting acromial”,
eligible in Jack, IPS and the database provided by Hanson et al. (2009) is the selected to
consider the back’s length.

On the other hand, the subtraction of the sitting acromial from the acromion
height results in the crotch height, which can be approximated for this Project to the
length of the legs. The length of the legs is an important parameter since it marks the
point where the back starts to bend and is related to the bed height. Representation of
the two key dimensions is shown in Fig. 7.
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Fig. 7. Key dimensions. Sitting acromial (left) and acromial height (right). (Jack Siemens Tecnomatix)
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4.5.2 Manikin families

Two families of manikins have been created, using a sample of Swedish men and women
(Hanson et al., 2009). To avoid redundant cases within the ellipse boundary, the four
central cases have been rejected. The confidence ellipse for a 95% confidence level,
calculated through the website antropometri.se is shown in Fig. 8. Cases are numbered
from 1 to 6, followed by the letter for m depending on whether the subject is female or
male, respectively.

Shoulder height, sitting versus Shoulder height of Swedish Individuals

Source: Hanson et al. 2008
170
6m
160 Male cases
o Male ellipse 4m
_ Female cases - o
i 150 e Female ellipse - . . . X
2 140 2
F o X
3 S Sm
2130 — ) -
b .
3f
120
1f
110
30 52.5 55 57.5 a0 62.5 65 67.5 70

Shoulder height, sitting [cm]

Fig. 8. Confidence ellipse for sitting acromial and acromion height. (Hanson et al, 2009; www.antropometri.se)

Values and percentiles of the two key dimensions for the 6 manikins studied are shown
in Table 4.

Table 4. Values and percentiles of sitting acromial and acromion height. (Hanson et al.,, 2009; www.
antropometri.se)

Sitting acromial Acromion height

Conf.1=95% : :

Value (cm) Percentile Value (cm) Percentile
Case 1f 50.80 1.12 121.44 1.12

Case 2f 54.53 15.78 142.22 84.21

Case 3f 60.38 84.19 129.53 15.77

Case 4m 57.42 15.23 152.15 84.74

Case 5m 64.10 84.74 138.66 15.25

Case 6m 68.16 98.85 160.36 98.85
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4.6 TASKS SELECTION

The task selection process encompasses an important part of this project due to the
impact it will have on the representativeness of the results. Selection criteria bases on
the following sources:

e Information got from the interviews and questionnaires done to nurses and
surgeons (can be consulted in sections 4.3.2 and 4.3.3).

e Books and manuals of reference for consulting procedures and manoeuvres
performed by nurses, such as The Illustrated Guide to Safe Patient Handling and
Movement (Nelson et al., 2009) and Manual de movilizacion de pacientes [Patients
Mobilisation Manual] (Martinez Fernandez, 2009).

e Multimedia resources showing procedures and manoeuvres performed by
surgeons, mainly in the shape of videos created by organizations like FREMAP.

The way the selection has been done results from the combination of
information got from these three sources. Firstly, interviews and questionnaires served
as a filter to know in which group of tasks to focus on. Not only the descriptions given by
the interviewees were considered for choosing the group of tasks to study, but also
information referred to the parts of the body they suffer the most was used to reduce
the tasks to focus on.

For the nurses, the descriptions given were complemented with specific
explanations found on reference manuals for manoeuvres and procedures. On the other
hand, multimedia resources were used to complement the descriptions given by both
nurses and surgeons on the tasks they found more demanding and risky. Concurrently,
other tasks involving parts of the body from which the interviewees were affected were
also taken into consideration.

4.6.1 Nurses tasks

In the following sections, the selected tasks for nurses are described.

4.6.1.1 Task 1. Patient lying in bed to seated on the side of the bed

Description of task 1 (view Fig. 9), patient laying in bed to seated on the side of the bed:

e Number of nurses involved: one.

e Instruments used to perform the task: none.

e Patient’s initial position: laid close to the edge of the bed and facing up; arms
crossed over the stomach; legs straight and crossed.

e Nurse’s initial position: one hand behind the patient’s back at shoulders height;
the other one on the side of the leg that is further from him; legs and back
slightly bent forward.

e Manoeuvre description: while the hand located behind the back of the patient
lifts the upper body, the other one pushes the legs out and downwards.

e Patient’s final position: seated on the side of the bed.

e Nurse’s final position: standing straight with the torso slightly rotated to the side
in which the patient sits; the hands remain in the same position as they started.

e Main body areas implied in the task (higher to lower implication): back and
shoulders.

e Task character: dynamic.

e Task duration: negligible.



e Estimated workload (related to load supported): medium.

Fig. 9. Task 1. Initial, critical point and final position (FREMAP)

4.6.1.2 Task 2. Patient seated on the side of the bed to seated in a chair

Description of task 2 (view Fig. 10), patient seated on the side of the bed to seated in a
chair:

e Number of nurses involved: one.

e Instruments used to perform the task: none.

e Patient’s initial position: seated in the side of the bed; arms around the nurse’s
waist; head resting on the nurse’s chest; and legs slightly open and fully in
contact with the floor.

e Nurse’s initial position: back and legs bent forward; arms around the patient’s
back below the shoulders; and one foot between the patient’s feet.

e Manoeuvre description: the nurse lifts the patient until legs and back are fully
extended, then a 90-degree rotation is performed and, by a flexion of the back
and the legs performed by the nurse, the patient is carefully seated in a chair.

e Patient’s final position: seated in a chair.

e Nurse’s final position: same as the initial position.

e Main body areas implied in the task (higher to lower implication): back and
shoulders.

e Task character: dynamic.

e Task duration: negligible.

e Estimated workload (related to load supported): high.

Fig. 10. Task 2. Initial, critical point and final position (FREMAP)
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4.6.1.3 Task 3. Patient seated in a wheelchair to seated in a chair

Description of Task 3 (view Fig. 11), Patient seated in a wheelchair to seated in a chair:

@

Number of nurses involved: two.

Instruments used to perform the task: a towel.

Patient’s initial position: seated in a wheelchair; each arm over the shoulder of
each one of the nurses at the sides.

Nurse’s initial position: each nurse at one side of the patient; facing opposite to
the patient; back and legs bent forward until the patient is able to put the arms
over their shoulders; one hand around the patient’s waist and the other holding
a towel located below the patient’s thighs.

Manoeuvre description: a towel is placed below the patient’s thighs. The nurses
lift the patient until they are fully extended, move close to the chair and, facing it,
slowly lower the patient to a seated position.

Patient’s final position: seated in a chair.

Nurse’s final position: same as the initial position.

Main body areas implied in the task (higher to lower implication): back, neck,
shoulders, legs.

Task character: dynamic.

Task duration: negligible.

Estimated workload (related to load supported): high.

Fig. 11. Task 3. Initial, critical point and final position (FREMAP).
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4.6.1.4 Task 4. Patient reposition in bed

Description of Task 4 (view Fig. 12): patient reposition in bed.

e Number of nurses involved: two.

e Instruments used to perform the task: none.

e Patient’s initial position: laid facing up; legs bent and feet fully in contact with
the bed, arms crossed over the stomach.

e Nurse’s initial position: one nurse in each side of the bed; facing the headboard
of the bed; the arm that is further to the bed holds the headboard; the other arm
is located in the patient’s back at the height of the shoulder that is further to the
nurse (so that the arms of the nurses are crossed and symmetrically supporting
the back of the patient); the leg that is further to the bed is extended and
touching the floor; the leg closer to the bed is bent and the knee resting on the
mattress.

e Manoeuvre description: the nurses help themselves from the headboard and, in
one synchronized gesture, drag the patient up to the top of the bed.

e Patient’s final position: same as the initial position.

e Nurse’s final position: same as the initial position.

e Main body areas implied in the task (higher to lower implication): back and
shoulders

e Task character: dynamic.

e Task duration: negligible.

e Estimated workload (related to load supported): medium-high.

Fig. 12. Task 4. Initial and final position (FREMAP).
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4.6.2

Surgeons tasks

In the following sections, the selected tasks for surgeons are described. These tasks, in
contrast to the selected tasks for nurses, do not imply great loads. However, the
necessity of holding the same posture, statically, during long periods of time, was
reported by the interviewees as the main cause of soreness. Therefore, the evaluation of
these tasks seems appropiate.

4.6.2.1 Task 5. Abdominal tissue separation

Description of Task 5, abdominal tissue separation:

Number of surgeons involved: one.

Instruments used to perform the task: long hook-ended rod.

Patient’s initial position: laid in a surgery bed; facing up; fully extended.

Doctor’s initial position: standing; back slightly bent forward and torso slightly
rotated to one side; legs extended; the arm operating the instrument is flexed on
a 70-90 degree angle in the sagittal plane; upper arm (from elbow to shoulder)
raised in the coronal plane until creating a 60-70 degree angle with the
longitudinal axis. Based on this position, the lower arm faces downwards and
creates a 40-50 degree with the coronal plane.

Manoeuvre description: the task consists on the separation of abdominal tissue
to improve the visibility of other surgeons and nurses during the operation. A
hook-ended long rod is attached to the part that is going to be pulled. The
surgeon holds a constant pull.

Patient’s final position: same as the initial position.

Doctor’s final position: same as the initial position.

Main areas of the body implied (higher to lower implication): shoulders, back,
and lower arm.

Task character: static.

Task duration: 5 to 10 minutes.

Estimated workload (related to load supported): low.

4.6.2.2 Task 6. Eye evaluation using ’slit lamp’ machine

Description of Task 6 (view Fig. 13), eye evaluation using "slit lamp’ machine:
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Number of surgeons involved: one.

Machine description: The ‘slit lamp’ machine is commonly used in
ophthalmology as an exploratory method to evaluate and diagnose different
view problems. It consists of a large vertical body placed on top of a table. Doctor
and patient seat one in front of the other at each side of the machine, 50-60 cm
apart. The patient bents forward and locates the chin and forehead in a support
structure to be examined by the doctor with a microscope.

Instruments used to perform the task: ‘slit lamp’ machine and interchangeable
lenses.

Patient’s initial position: seated; bent forward with the head supported.

Doctor’s initial position: seated; bent forward; looking through lenses who serve
as a microscope; with the arm almost fully extended and close to the patient’s
eyes. A hand extension of approximately 60-degrees is performed to locate the
lenses parallel to the patient eyes.
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e Manoeuvre description: doctor and patient seat one in front of the other, the
doctor looks through a microscope and, extending the arm, put some lenses on
the patient’s eye to evaluate different aspects.

e Patient’s final position: same as the initial position.

e Doctor’s final position: same as the initial position.

e Main body areas implied in the task (higher to lower implication): back,
shoulder, and neck.

e Task character: static.

e Task duration: 15 to 20 minutes.

e Estimated workload (related to load supported): low.

Fig. 13. Task 6. Two examples.
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4.6.3

RULA and OWAS parameters

The implementation of the tasks in Jack for their evaluation implies the choice of some
specific parameters, according to the requirements of each method. These parameters,
for the RULA method, are shown in

Table 5.
Table 5. RULA parameters for each task.
RULA
Task
Category | Group
T1 T2 T3 T4 T5 T6
A
Muscle Normal Normal Normal Normal Mainly static Mainly static
use B
Force A . 2-10.kg More than More than | More than 10 . <2 l-<g . <2 l.<g

load intermittent 10k 10k K intermittent intermittent

oa B load J g g load load

Arms Not Not Not Not Not Not

supported supported supported supported supported supported
Legs/feet not
. Standing. Standing. supported. .
Standing. . . . Standing. Seated.
Legs Weight even Weight Weight . W‘?lgh.t Weight even Weight even
even even distribution
uneven

Load parameters selected for each task for their use in OWAS as evaluation method are

shown in Table 6.

Table 6. OWAS load parameters for each task.

OWAS
Task
Load
T1 T2 T3 T4 T5 T6
- 10kg<L< 10kg<L<
Description L<10kg 20 kg 20kg<L 20 kg L<10kg L<10kg
Code 1 2 3 2 1 1
) 33




4.6.4 RULA and OWAS warning messages

As mentioned, two evaluation methods will be used: RULA and OWAS. The way in which
each method presents the results is similar: a message and a colour. However, messages

and colours are not exactly the same. For a better comprehension of the results and to
allow comparisons between the results of each method, Table 7 summarizes the
messages that each method gives (Brolin and Hogberg, 2019; Karhu et al., 1977;
McAtamney and Nigel Corlett, 1993).

Table 7. Comparison between messages of RULA and OWAS.

Method
Cat
aregory RULA OWAS
of action
System | Colour Message System Colour | Message
1 1-2 Acceptable No action
2 3.4 Investigate Action in
Final further 4 digits code, near future
score Investigate | each of them Action as
3 from 1 further and regarding soon as
to 7 change soon legs, back, possible
Investigate arms or trunk _
4 and change Im;r;ceiilrzlate
immediately

4.7 SIMULATION AND EVALUATION TOOLS

The motion capture system available for the development of this project is Xsens
Awinda. It is composed by seventeen Motion Trackers (MTw), which are inertial
measurement units containing 3D linear accelerometers, 3D rate gyroscopes, 3D
magnetometers and a barometer (Xsens Technologies B.V., 2018).

As a way to explore how the nature of the input used for ergonomic evaluation
processes affects the results, the present study is going to be carried out based on
information received both from the use of motion capture systems and pure observation
and video recordings to ‘manually’ emulate the postures in DHM software.

Table 8 shows a comparison between two common ways of getting input for
ergonomic evaluation—i.e. motion capture systems and manual modelling in DHM
software—related to the following aspects which were considered relevant:

o Realism: referred to how the simulation adjusts to the real movement.

e Accuracy: related to small errors that could affect the quality of the input.

e Study diversification: the ability to transfer the information from the seed input
to other cases.

e Speed: the time spent on preparing both the manikin and the simulation for
running the evaluation.

e Cost: cost of the equipment, tools or software needed.
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o Need for previous steps: like measuring body dimensions, videotaping tasks or
postures and treating the information to extract angles and distance.

Table 8. Comparison between input source for evaluation using digital techniques.

Mm;;:éill’:“re Manual DHM
Realism + -
Accuracy - +
Study diversification - +
Speed + -
Cost - +
Need for previous steps + -

Symbol + (-) indicates better (worse) result in the specific aspect.

4.7.1 Input via motion capture systems

Once the tasks performed by nurses and surgeons have been captured, files must be
processed using the software Xsens MVN Analyze. Then, files must be exported from
Xsens MVN Analyze into a valid format for running them into the DHM software—e.g.
Jack Tecnomatix or IPS IMMA—.

IPS IMMA will be the software used to carry out the tasks’ evaluation using
imported motion capture data. First, a ‘single manikin’ is created with the same
anthropometric dimensions as the person whose motion has been recorded through
Xsens. Second, an ‘operation sequence’ is created and the motion capture file is loaded,
processed and linked to the manikin. Finally, the sequence is stopped in the most critical
posture, according to the RULA graph implemented in the software—which represents
RULA scores over time—.

4.7.2 Input via manual simulation in DHM tools

Manual modelling through DHM software will be performed using Jack Tecnomatix due
to the variety of evaluation methods it presents. This would lead to a comparison
between the results offered by each one of the methods employed and result in a more
reliable assessment of the tasks.

Specifically, the methods that are going to be used for the risk assessment of the
tasks will be RULA and OWAS, since they fit the tasks’ characteristics—full body implied
in their performance, high implication of the upper body, and load implication—
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5 RESULTS

The sections here presented will summarize the results obtained in the different studies
stated in chapter 4. Method:

e First, in section 5.1, results obtained through evaluation of the postures using
the motion capture system Xsens, IPS IMMA software, and RULA method
implemented in it will be presented. Similarly, in section 5.2, results obtained
through evaluation of the postures modelled manually aided by the DHM
software Siemens Jack, and using RULA and OWAS evaluation methods, will be
shown.

e Second, differences between results obtained through two techniques used for
representing the tasks, i.e. motion capture system and manual modelling using
DHM software, will be presented in section 5.3.

e Finally, in section 5.4, results related to the three personas for each one of the
tasks performed, will be summarized in the form of tables.

5.1 MoTioN CAPTURE RESULTS

In the following sections, results from the RULA evaluation given by IPS IMMA when
using motion capture files as input, are shown. Three pictures are also shown for each
task and persona: a real photo of the task performed in the Clinical Training Centre of
the University of Skovde; a screenshot of the manikin adopting the studied posture in
MVN Analyze; and finally, a picture of the manikin in [PS IMMA, where RULA is applied.
In total, 10 tasks were simulated: 4 nurses’ tasks performed by an actor
representing Persona 1; the same 4 nurses’ tasks performed by the actor Persona 2; and
2 surgeons’ tasks performed by the actor that embodies Persona 3. Whereas MVN
Analyze read all the sensors recordings with no problem, IPS IMMA read 8 out of 10
correctly. Thus, two results (Tasks 2 and 3 for persona 1) are considered invalid.

Results will indicate if nurses and surgeons are affected when developing the
selected tasks. RULA results when using motion capture files or manually modelled
manikins as input (using IPS IMMA and Jack Tecnomatix, respectively) will be
compared, to know the influence that each type of input has. Results when using OWAS
and RULA will also be compared, to get an insight into how each evaluation method
assesses the same task, and which are the warning messages. All of these topics will be
discussed in section 7. Discussion.

5.1.1 Nurses’ tasks

Results for the nurses’ tasks are shown in the following sections.

5.1.1.1 Task1

In Fig. 14 and Fig. 15, real, MVN Analyze and IPS IMMA pictures of the evaluation of task
1 for personas 1 and 2 are displayed.
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Fig. 15. Task 1, persona 2. Real, MVN Analyze and IPS IMMA pictures (left to right).

Results of the evaluation using RULA are shown in Table 9.

Table 9. Task 1. Evaluation results through RULA using IPS IMMA and motion capture files.

Task 1
Case Method: RULA

pl 4

| »2 R —

5.1.1.2 Task2

In Fig. 16 and Fig. 17, real, MVN Analyze and IPS IMMA pictures are displayed of
personas 1 and 2 performing task 2. As it can be seen in the picture on the right in Fig.
16, IPS IMMA

Fig. 16. Task 2, persona 1. Real, MVN Analyze and IPS IMMA pictures (left to right).
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Results of the evaluation using RULA are shown in Table 10.

Table 10. Task 2. Evaluation results through RULA using IPS IMMA and motion capture files.

Task 2
Case Method: RULA

pl -

5.1.1.3 Task3

In Fig. 18 and Fig. 19, real, MVN Analyze and IPS IMMA pictures of personas 1 and 2
performing task 3 are displayed.

Fig. 18. Task 3, persona 1. Real, MVN Analyze and IPS IMMA pictures (left to right).

Fig. 19. Task 3, persona 2. Real, MVN Analyze and IPS IMMA pictures (left to right).

Results of the evaluation using RULA are shown in Table 11.

Table 11. Task 3. Evaluation results through RULA using IPS IMMA and motion capture files.

Task 3
Case Method: RULA
p1 -
p2

5.1.1.4 Task4

In Fig. 20 and Fig. 21, real, MVN Analyze and IPS IMMA pictures of personas 1 and 2
performing task 4 are displayed.
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Fig. 21. Task 4, persona 2. Real, MVN Analyze and IPS IMMA pictures (left to right).

Results of the evaluation using RULA are shown in Table 12.

Table 12. Task 4. Evaluation results through RULA using IPS IMMA and motion capture files.

Task 4
Case Method: RULA
pl
p2

5.1.2 Surgeons’ tasks

Results for the surgeons’ tasks are shown in the two following sections.

5.1.2.1 Task5

In Fig. 22, real, MVN Analyze and IPS IMMA pictures of the persona 3 performing task 5
are displayed.
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Results of the evaluation using RULA are shown in Table 13.

Table 13. Task 5. Evaluation results through RULA using IPS IMMA and motion capture files.

Task 5

Case Method: RULA

p3 3

5.1.2.2 Taské6

In Fig. 23, real, MVN Analyze and IPS IMMA pictures of the persona 3 performing task 6
are displayed. Observing the picture on the right and comparing it to the other two, it is
clear that the posture has not been correctly interpreted by IPS IMMA, so results for this
task were considered invalid.

b y
Fig. 23. Task 6, persona 3. Real, MVN Analyze and IPS IMMA pictures (left to right).

Results of the evaluation using RULA are shown in Table 14.
Table 14. Task 6. Evaluation results through RULA using IPS IMMA and motion capture files.

Task 6

Case Method: RULA

p3 -

5.2 DHM RESULTS

In the following sections, evaluations for the critical postures of the tasks performed by
nurses and surgeons are shown. Postures have been modelled ‘manually’ using the DHM
software Jack, trying to faithfully represent real postures.

5.2.1 Nurses’ tasks

For the nurses’ tasks, postures have been analysed both for the two subjects created
from Personas 1 and 2 (p1 and pZ2), and for the six manikins created considering
boundary cases of the confidence ellipse (f1, f2, 3, m4, m5 and m6), as explained in
section 4.5.2. Tasks 3 and 4 involve two nurses. Since postures adopted by the two
nurses are symmetrical, and the forces implied are the same, only one nurse per task
has been analysed.
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5.2.1.1 Task1

In Fig. 24, personas 1 and 2 modelled in Jack, in the critical posture analysed for Task 1,
are shown.

Fig. 24. Personas 1 (left) and 2 (right) in the posture analysed for Task 1

The six boundary cases, grouped in female and male cases, are shown in Fig. 25.

Fig. 25. Female (left) and male (right) manikins in the posture analysed for Task 1.

In Table 15, the final results of the evaluations for Task 1, using RULAS and OWAS in
Jack, are shown.

Table 15. Task 1. Evaluation results through RULA and OWAS using Jack.

Task 1

Case Method
RULA OWAS
pl 2141
p2 2141
f1 2141
f2 2141
3 2141
m4 2141
mb5 2141
mé6 2141
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5.2.1.2 Task2

In Fig. 26, personas 1 and 2 in the posture analysed for the second task, are shown.

Fig. 26. Personas 1 (left) and 2 (right) in the posture analysed for Task 2.

The six boundary cases, grouped in female and male cases, are shown in Fig. 27.

Fig. 27. Female (left) and male (right) manikins in the posture analysed for Task 2.

In Table 16, the results of the evaluation of Task 2, using RULA and OWAS in Jack.

Table 16. Task 2. Evaluation results through RULA and OWAS using Jack.

Task 2

Case Method
RULA OWAS
p1 2142
p2 2142
f1 2142
2 2142
f3 2142
m4 2142
mb 2142
mé6 2142
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5.2.1.3 Task3

In Fig. 28, personas 1 and 2 in the posture analysed for the second task, are shown.

Fig. 28. Personas 1 (left) and 2 (right) in the posture analysed for Task 3.

The six boundary cases, grouped in female and male cases, are shown in Fig. 29.

Fig. 29. Female (left) and male (right) manikins in the posture analysed for Task 3.

In Table 17, the results of the evaluation of Task 3, using RULA and OWAS in Jack.

Table 17. Task 3. Evaluation results through RULA and OWAS using Jack.

Task 3

Method
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5.2.1.4 Task4

In Fig. 30, personas 1 and 2 in the posture analysed for Task 4, are shown.

Fig. 30. Personas 1 (left) and 2 (right) in the posture analysed for Task 4.

The six boundary cases, grouped in female and male cases, are shown in Fig. 31.

Fig. 31. Female (left) and male (right) manikins in the posture analysed for Task 4.

In Table 18, the results of the evaluation of Task 4, using RULA and OWAS in Jack.

Table 18. Task 4. Evaluation results through RULA and OWAS using Jack.

Task 4

Method
RULA OWAS

Case

W
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5.2.2 Surgeons’ tasks

In the case of the surgeons’ tasks, critical postures have been analysed for the subject
based on Persona 3. The methods used are OWAS and RULA.

5.2.2.1 Task5

Fig. 32 shows the surgeon (persona 3), in the critical posture analysed for Task 5.

Fig. 32. Surgeon in the posture analysed for Task 5.

In Table 19, the results of the evaluation of Task 5, using RULA and OWAS in Jack.

Table 19. Task 5. Evaluation results through RULA and OWAS using Jack.

Task 5
C Method
ase
RULA OWAS
p3 2121
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5.2.2.2 Taské6

Fig. 33 shows the surgeon (persona 3), in the critical posture analysed for Task 6.

Fig. 33. Surgeon in the posture analysed for Task 6.

In Table 20, the results of the evaluation of Task 6, using RULA and OWAS in Jack.

Table 20. Task 6. Evaluation results through RULA and OWAS using Jack.

Task 6
Method
Case
RULA OWAS
& 3 2341
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5.3 RULA RESULTS: A COMPARISON BETWEEN MoOTION CAPTURE AND DHM

To discuss the differences between motion capture and manual modelling, the scores
returned by the RULA evaluation method using each of these inputs is shown in Table
21. A third column indicating the variation in the results for each task and persona has
been added. This is the first step to know the consistency of the results obtained when
using manual modelled manikins or motion capture files as input, and the previous step
to know the reasons behind the differences between each approach.

Table 21. RULA evaluation method scores using two evaluation techniques.

Technique .
RULA via M 1 Motion capture
Task | Persona | RULA via Motion via Manuatly variation
modelled .
Capture . regarding DHM
manikins
pl 4 -2
Task 1
p2 +1
1 _
Task 2 P
p2 0
1 _
Task 3 P
p2 0
1 0
Task 4 p
p2 -1
Task 5 p3 -2
Task 6 p3 —

5.4 RESULTS OF PERSONAS

In the three following sections, the evaluation results appear classified under each
persona.

5.4.1 Personal

Results of the evaluations of persona 1 are collected in Table 22.

Table 22. Overall evaluation results for Persona 1.

Persona 1

Motion Capture Manually modelled manikins
RULA RULA OWAS

Task
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5.4.2 Persona?2

Results of the evaluations of persona 1 are collected in Table 23.

Table 23. Overall evaluation results for Persona 2.

Persona 2

Task Motion Capture Manually modelled manikins
as

RULA RULA OWAS

5.4.3 Persona3

Results of the evaluation of persona 1 are collected in Table 24.

Table 24. Overall evaluation results for Persona 3.

Persona 3
Task Motion Capture Manually modelled manikins
RULA RULA OWAS
Task 5 3 2121
Task 6 - 3 2341
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6 CONCLUSIONS

This project finds its foundation on the use of ergonomic evaluation techniques such as
self-reports, observational techniques, and direct measurement methods for the
assessment of work conditions in the healthcare industry. The three of them have been
somehow applied during the development of the project.

Self-reports, embodied as interviews and questionnaires, have resulted to be
especially useful research tools. Insight and experiences shared by the group of study
helped to shape the problem and deepen its understanding, as well as defining the path
of the study. The application of advanced observational techniques and direct
measurement methods have encompassed the technical side of this project. Motion
capture system showed to be more difficult to implement than DHM tools, however,
once technical hurdles were overcome, its simplicity and time-saving attributes stood
out. On the other hand, results from using motion capture files or manually modelled
manikins as input have been quite similar. However, manually modelling of manikins
have demonstrated to represent the study cases more accurately and reliably in this
specific project, as will be explained in section 7. Discussion

Taking a closer look at the results obtained using motion capture systems and
IPS IMMA for ergonomic evaluation, they do not seem completely accurate. Three out of
the ten tasks (tasks two and three performed by persona 1) were not correctly
processed, the representation of other two seems dubious (task 1 performed by persona
2 and task 4 by persona 1) and the remaining five are just correct. This can be explained
considering that IPS IMMA is a software that is still under development and some of the
features included are not completely defined so, despite everything, the obtained results
are reasonably correct. It can be concluded that motion capture technologies could be in
the future a great tool to represent real human postures and evaluate them in terms of
ergonomics, once those technical issues are overcome. For the moment, motion capture
technologies—or at least, the conjunction of Xsens and IPS IMMA used in this
research—only can represent humans digitally with a certain level of reliability.

On the other hand, RULA results are not exactly the same when using manual
manikin modelling or motion capture files as input. Out of the seven tasks that can be
taken into account (excluding tasks 2 and 3 by persona 1), results differ as follows (see
Table 21):

e 3/7results are equal.
e 4/7results vary 1 or 2 points up or down.

For tasks 1 to 4 (nurses’ tasks), both RULA and OWAS evaluation methods
inform the need for an ‘immediate’ or ‘as soon as possible’ change, which is not
surprising thinking about the demands in force and posture. On the other hand,
warnings for tasks 5 and 6 (surgeons’ tasks) vary from one evaluation method to the
other.

Concurrently, OWAS method has been also applied to the nurses’ tasks:
comparing to RULA, OWAS’ evaluations have been slightly more optimistic. For instance,
warning messages in tasks 2 and 3 when analysing them using OWAS were ‘action as
soon as possible’ (orange colour), while the warning messages given by RULA for the
same tasks were ‘investigate and change immediately’ (red colour). Taking a closer look
to the OWAS’ coding, it can be seen that if ‘both arms [are] below shoulder’, it is not
possible to obtain a ‘class 4 risk’—i.e. a warning message that recommends ‘immediate
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action’ (red colour)— unless knees were bent, which was not the case. As can be seen,
little differencies in the methodology that each evaluation method follows, can lead to
more different warning messages. This indicates, once again, that results provided by
available evaluation methods should be considered with caution.

Considering anthropometric diversity was also a major part of the project. The
use of personas and motion capture systems can be very valuable since the simulation
and the evaluation are focused on one person at a time. Hence, results can be highly
reliable. The problem is that the study of a specific person does not represent the whole
population. To extend the results and make them valid for more people, some method or
tool is needed. The creation of a family of six manikins to consider anthropometric
diversity was included for this purpose in section 5.2. However, just in one task (task 3,
see Table 17), there was a different result for one of the six personas. The rest of the
tasks presented the same result for each of the family manikins. The reason for that
could be that, if the postures evaluated are already hazardous for the personas
studied—whose anthropometric percentiles are closer to the arithmetic mean—
understandably, those postures are equally hazardous for the boundary cases
represented within the family of manikins. And, since loads and weights involved are the
same in the case of the personas and of the family’s manikins, scores could not be higher
than what they already are. Although results were the same in 47 out of 48 cases
evaluated, it is still important to consider that diversity in ergonomic studies, and this
would not be possible using motion capture systems unless the studied population were
great. Having considered the anthropometric diversity, it is possible to state that both
the personas and the manikins of the families are in risk performing the studied tasks;
but this statement could have not been done without considering the anthropometric
diversity.

Summarizing, all the tasks have turned out to be potentially harmful. Results
from using motion capture files or manually modelled manikins as imput, although
different, agreed in most cases that some type of intervention was necessary
‘immediately’ or ‘soon’.
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7 DISCUSSION

From the results, it can be ensured that patient handling techniques, although
performed following the established protocols, suppose a high risk for musculoskeletal
disorders in nurses and must be redefined in order to lower the potential risk of each
one of them. Surgeons’ conditions, in contrast, seem more difficult to assess through
ergonomic tools due to the variety of 'subjective’ factors that must be considered—e.g.
concentration, precision or pressure due to time or difficulty of the surgical
intervention—. In addition, the ergonomic evaluation methods consider the duration of
the tasks by framing them in various ranges. This fact origins limitations in the study of
static postures. For instance, RULA would return the same value for a static posture
maintained for ten or twenty minutes.

Work pressure is also a factor that could affect nurses. According to some
studies (Burton et al., 1997), nurses” perception of workload being the cause of their
symptoms of musculoskeletal disorders is common. The interviewed nurses for this
project (see appendix) also considered that work pressure was a handicap when they
had to adjust hospital equipment to their dimensions. Nurses argued that having a great
number of patients to be treated in a short period of time hampered them to regulate
bed height when lifting and transferring patients, for example. Other nurse stated that
his primary health centre does not have adjustable height beds at its disposal. “The use
of adjustable beds in nursing practice could influence the working postures of nursing
personnel and lead to a reduction in task demands.” (Caboor et al., 2000)

While the surgeons’ tasks do not comprise any added weight, for the nurses it is
difficult to estimate the loads and forces they support in each task. Even though a
biomechanical study should be carried out to correctly define these variables, an
approximation for each task has been made, as shown in section 4.6.1. In Jack
Tecnomatix, RULA and OWAS methods get the load definition in different ways: in
RULA, weight is selected from the four specific ranges considered in the method,
whereas OWAS needs for the weight to be previously applied to the manikin in specific
regions of the body. Due to the difficulty of assessing which parts of the body carry the
load during the tasks and hence define the last digit in the OWAS resulting code, the
scores have been adjusted afterwards according to the three ranges defined in the
original OWAS method, while the first three digits resulting directly from the simulation
have been kept.

As mentioned in the previous section, the manual modelling of manikins have
demonstrated to represent the study cases more accureately and reliably in this project.
What leads to this conclusion is that in some tasks (task 1 by persona 2, task 4 by
persona 1 and task 6 by persona 3), the location of certain parts of the body have not
been correctly interpreted by IPS IMMA (see Fig. 15, Fig. 20 and Fig. 23, respectively).
Given this disagreement between the manikins’ postures in IPS IMMA and the ones
modelled manually in Jack Tecnomatix it must be said that, for instance, a bad
translation of an angle or of the location of a joint between Xsens MVN Analyze and IPS
IMMA, can highly vary the result. Looking at the pictures taken during the recording
session, and comparing the real postures to those represented by manikins in IPS IMMA
and Jack, it is clear that the manikins modelled manually—although are neither
completely exact, since are modelled trying to represent postures by observing pictures,
and there is always the possibility of the human error—are closer to the reality than the
manikins created by IPS IMMA from the motion capture files. Hence, results obtained
through Jack Tecnomatix can be considered more realistic.



Given the limitations of both DHM software—such as the wrong reading of
motion capture files in the case of [PS IMMA or inaccuracy when modelling manikins
manually in Jack Tecnomatix—and available methods—such as time and load definition
in ranges, instead of an exact definition—, it is important to be aware that evaluation
results using these tools and procedures are just warnings which should be considered,
analysed and used to start a deeper investigation, if necessary.

Interviews with nurses and surgeons constituted an important part of the
research since they were—along with manuals, books and multimedia resources—the
sources used to select the tasks to simulate. The original plan was to have one-to-one
interviews with workers from the Skaraborg Sjukhus of Skévde, as many as possible.
However, the COVID-19 made this unfeasible. Looking for alternatives, it was finally
possible to set up six telephonic interviews, three with nurses and three with surgeons.
Interviewees also agreed to fill out a questionnaire that was sent to them by email. This
was a satisfactory solution and helped to identify the specific problems that nurses and
surgeons go through during their work. However, this alternative solution also brought
two problems:

e The first problem is that interviewees were from Spain—due to our
nationality, Spaniards were much easier to contact considering the COVID-
19 situation—, while this research was being carried out in Sweden.
Database for anthropometric diversity (Hanson et al, 2009) includes
Swedish individuals; and the interview with the Health Department of the
University of Skovde also assumed that the work conditions studied were
the work conditions of Swedish nurses and surgeons. Although the health
care systems of both countries may be similar, it would have been better if
all the study had been developed considering just one country.

e The second problem is that it was only possible to contact six different
people. The six interviews were extremely useful to select the tasks to
simulate, but it is obvious that more interviews could have improved the
reliability of the study.

On the other hand, although the interviews were designed to have open
questions, the need to obtain answers to specific questions may have led to the
construction of not so open questions. Probably, some of them could be improved. For
instance, at the end of the interview, there are three questions regarding ’previously
identified problems’. The objective here was to confirm or reject the importance of those
problems, but questions could have been designed surrounding the topic, so that the
interviewee could talk or not about those problems (and so confirm or reject that
importance), better than specifically ask him or her if they had ever experienced those
particular issues.
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8 FUTURE WORK

Below, some proposals related to the topic of this project are described:
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Development of a biomechanical study of the most hazardous postures
according to the results obtained.

Improvement of compatibility between IPS IMMA and Xsens files, so that motion
capture can be correctly interpreted by IPS IMMA.

Development of a community or forum for IPS IMMA issues that cannot be easily
solved reading the IPS User Manual.

Development of healthcare equipment that can be adjusted faster. One of the
complaints of nurses was that beds adjustment or the use of medical cranes
require a time they cannot spend on many occasions.

Development of advising programmes on postural care for surgeons. Whereas
the interviewed nurses stated that they had received training in subjects like
patient handling techniques, for example, surgeons had not received formation
in issues related to postural care.

Age suits, composed by a set of pieces attached to the body, restrict the range of
motion of the user trying to imitate the physical limitations of the elder people.
The Health Care Department of the University of Skovde has age suits with a
number of interchangeable pieces. However, the correlation between the
imposed restriction of the age suits and the real restrictions experienced by old
people is still to be determined. Using motion capture technologies like Xsens to
check the age suits’ reliability could constitute an interesting and useful study.
Evaluation through methods other than the used in this research, such as REBA
to better consider legs implication; or the Strain Index, to assess hands and
lower arms risk exposure, which could be especially useful for surgeons.
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10 APPENDIX

10.1 INTERVIEWS AND QUESTIONNAIRES WITH NURSES AND SURGEONS

10.1.1 interviews with nurses

INTERVIEW WITH NURSES: SUBJECT A

Demographic data
Identification (A, B, C, etc.) | A
Age 24
Gender Female
Weight (kg) 44 kg
Height (cm) 160 cm
Sitting acromial (cm) 55 cm
Acromial height (cm) 125 cm
Shift duration (h) 12 hours
Active years 3 years
Speciality Oncology
Centre General Hospital Doctor José Medina

Questions
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Subjective vision

W

Do you think you have had pain due to work? Where? Which tasks do you think
influence that pain?

Yes, | have had pain due to work. It’s hard to clean people and change
medication through the catheter. Normally, the catheter is located in the
forearm, but sometimes is in other parts (near clavicle or groin, for example).

When it comes to bath the patient, this is theorically a task of the nurse
assistant, but nurses have to do it also very often. The washing can take place in
the bathroom or even in the bed, if the patient cannot move by him or herself.
Both cases can be equally hard. In the first case, the patient maybe can wash the
upper body by him or herself, but we have to wash the lower body, normally
taking a bad posture, sometimes on our knees. If the patient cannot get out of
bed is, normally, because he or she has injured some part of the body (broken
bones, burns) and, in this case, washings can last up to three times a normal
washing, because you have to be extra-careful.

[s there any posture that you consider to be especially tough? Which? In which
context?

Yes. Apart from changing medication and washing patients, those which
imply moving the patient: transfers. For example, from bed to chair, from one
chair to another (normally from wheelchair to a normal chair, or the opposite)
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or taking patients up on bed (pushing them up to the headboard, because they
have been sliding down bed) .
e I[sthere any task that you consider especially uncomfortable?

Yes. Changing medication. When you have been working for several
hours, you end up with a pain in the lower back. Not so much at the beginning of
the day. The thing is that the patient is, for example, lying down on bed.
Normally, you have to lower the bed so that there is no falling risk for the
patient. It depends on where he or she has the catheter, but you can take very
weird postures, since you have to do all the work and there is no possible
collaboration on his or her part.

Taking patients up on bed is also very hard. There are techniques, but
they are not normally followed rigorously. Sometimes, the patient holds on you,
harming you.

Cleaning the lower limbs of the patients can imply very uncomfortable
postures, too.

Psychosocial aspects
e Do you consider that time-related work pressure makes an impact on the quality
of your postures? In which sense?

[ think that is the most important cause, the main reason. We know what
we have to do, [ know the techniques. But there are many situations, when you
are running against the clock... You do not stop to adjust the bed’s height, or to
take better postures.

e Do you feel like the quality of your postures varies during your workday?

Yes, of course. At the beginning you are more aware, and more rested.

Intensity, duration & frequency
e  Which are the most time-consuming tasks?

The washing, especially with those confined to bed.
e  Which are the most physically demanding tasks?

[ would say that two different kind of transfers: transfer from bed to chair and taking up
on the bed.

o  Which are the most repeated tasks?
Changing medication and taking patients up on the bed.

Previously identified problems
e Have you ever had postural problems while...
o cleaning patients with reduced mobility?
Yes. As | explained before.
o changing patients from one bed to another or to a chair?
Yes, the same. This is what we refer as transfers.
o carrying patients in wheelchairs?
Not so much.

Improvements
e Anyimprovements?
Well... We know that we are not taking good postures sometimes, but is
the lack of time which leads us to not care our postures.
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INTERVIEW WITH NURSES: SUBJECT B

Demographic data

Identification (A, B, C, etc.) B

Age 26

Gender Male

Weight (kg) 90

Height (cm) 176

Sitting acromial (cm) 60

Acromial height (cm) 144

Shift duration (h) 7 hours

Active years 3 years

Speciality Primary health care

Centre Primary Health Care Centre Puerto del Carmen
Questions

Subjective vision

Do you think you have had pain due to work? Where? Which tasks do you think
influence that pain?

Yes, I have. Mainly in the lower back. About the tasks.. Doing some
treatments or some cures. Some cures last 2 minutes, but others can last even
more than one hour. Some analyses are also hard, because there are not
adjustable tables. We do not have electronic beds. Beds have a fixed height.
There is only a hydraulic one.

[s there any posture that you consider to be especially tough? Which? In which
context?

Yes, when I do some transfers... the posture can be very uncomfortable,
and we do not have equipment for that. Sometimes we go to the patient’s home,
and there... you have to adapt yourself to the environment, and we maybe have
to stand on our knees. It is difficult.

Is there any task that you consider especially uncomfortable?

Yes. For example, sometimes we have to extend our bodies through the bed,
so that the patient does not need to move. We do this to change the catheter, to
do some analytical tests or controls. In home care visits, with patients with
reduced mobility... sometimes I have to be lying on the floor, or squatted.

Psychosocial aspects

Do you consider that time-related work pressure makes an impact on the quality
of your postures? In which sense?

Yes, of course. Always. At the centre where [ work... we are in the middle
of a touristic place. | have been attending 53 patients in one morning, with more
than 20 cures or treatments. That day | was working in three different
consulting rooms. When you are working in such a say, you do not have time to
worry about you, to take care of your health, because the patient is always the
first.

Do you feel like the quality of your postures varies during your workday?
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It depends on the season, on the time of the year. During the summer season
all day is terrific. In more relaxed, calm seasons, yes: at the beginning of the day
we are more relaxed, and we can take more care of us.

Intensity, duration & frequency
e  Which are the most time-consuming tasks?

Usually what takes the longest are cures. A large suture, a heart attack, may
also appear. It depends a little on demand. What is always programmed are the
cures. Then whatever comes of urgency.

e  Which are the most physically demanding tasks?

People with very reduced mobility. They are people that —this has also
happened to me during heart attacks—, people that you have to lift yourself by
force.

o  Which are the most repeated tasks?
Analytical controls, constant tests and cures.

Previously identified problems
e Have you ever had postural problems while...
o cleaning patients with reduced mobility?
Absolutely
o changing patients from one bed to another or to a chair?
Absolutely, also. This is one I was talking about before.
o carrying patients in wheelchairs?
For me, physically, it does not cause me any problems inside the centre.
Outside the centre, with slopes, sidewalks without access for reduced
mobility, maybe yes... Cause the asphalt outside the medical centre is all
rusted.

Improvements
e Anyimprovements?

[ have already proposed management and improvements: enabling analytical tables,
narrower, so that you can do the analytics sitting, without having to get up. I have
also proposed the purchase of electric stretchers, at least. In homes... well, there we
will have to manage the situations.

We have been told during all our training that we should take care of our postures
and stuff. But if there is no material... what? In hospitals the equipment, stretchers
are usually electrical, but what about us?

R
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INTERVIEW WITH NURSES: SUBJECT C

Demographic data

Identification (A, B, C, etc.) C

Age 24

Gender Female

Weight (kg) 69

Height (cm) 168

Sitting acromial (cm) 55

Acromial height (cm) 133

Shift duration (h) 12 hours

Active years 3 years

Speciality Emergency and ordinary consults

Centre General Hospital Doctor José Medina
Questions

Subjective vision

Do you think you have had pain due to work? Where? Which tasks do you think
influence that pain?

Daily tasks. For malpractice, in emergencies, especially, when
channelling or putting medication. The patients are supine, and the beds are low
so that they do not fall. Stretch forward with your back, without flexing your
knees.. ends up making your lower back hurt. Channelling catheters,
medication... are tasks that are very tiring.

Is there any posture that you consider to be especially tough? Which? In which
context?

Yes, of course. One of the discomforts was working in the operating room
for several consecutive hours standing. My lower back and feet ached.

When doing certain types of cures, also, it depends on the area in which
the patient has it, if it has it in the sacrum you have to turn it over. The beds do
not go up as much as they should and also have to be lengthened.

In the operating room on the instrumentation table, in knee replacement
or replacement interventions... you have to stand for a long time and often we
cannot move because we have to be sterile and we cannot sit.

[s there any task that you consider especially uncomfortable?
[ think that is when you stretch when changing a catheter.

Psychosocial aspects
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Do you consider that time-related work pressure makes an impact on the quality
of your postures? In which sense?

Yes, totally. In an emergency department you cannot dedicate yourself to
adjust the height of the beds if you have to give 15 medications.
Do you feel like the quality of your postures varies during your workday?

I guess so. I guess at the beginning of the morning one is more aware.
Throughout the day you neglect yourself a little.
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Intensity, duration & frequency
e  Which are the most time-consuming tasks?

The cures. They take a long time. Within nursing care is psychological
care. The time it takes you to attend to the doubts of the patient or relatives in
surgical or post-surgical units ... Many times, they do not ask the doctor and they
ask the nurse.

e  Which are the most physically demanding tasks?

Apart from when you have to hold or transfer a patient, which is very
demanding... Diabetics: wounds are usually on the feet... You have to bend down,
because they are also often obese, older. And in these cases, to do the cures, you
have to bend down.

e  Which are the most repeated tasks?
Changing catheters and medication. Arterial blood gases among others.

Previously identified problems
e Have you ever had postural problems while...
o cleaning patients with reduced mobility?

The auxiliaries usually do it, and there are usually two auxiliaries
or auxiliary or warden. Ergonomically you have a postural hygiene that
you are supposed to carry out, but it is not always possible. Lumbar and
shoulders are what suffer the most.

o changing patients from one bed to another or to a chair?

Well, right now, in general, if you have to move a person who has
very reduced mobility, they usually use cranes. But above all, arms:
lumbar and arms, even you do it well, they suffer.

o carrying patients in wheelchairs?
Yes, although is worse to transfer patients.

Improvements
e Anyimprovements?

In terms of resources, | would try to put the controls of the bed that had
speeds. If it were faster to get on the bed, we would surely get on the bed faster. [
think it is not done for safety, so that the patient does not give it.

[ think for each unit there should be a type of bed. In the emergency
department, the patient's entrance, yes or yes, they will have to channel a
pathway. They are all invasive techniques. Make a vertical probe ...

In an operating room, for example, there is an operating table: the legs
are removed, the arms are put on, etc. It can be modified, depending on what you
are going to do. The needs are not the same in each unit. But above all, the beds
and armchairs in which it is served.

In trauma, for example, they are people who almost always have a
fracture. They go to the operating room and, when they return, they come in
plaster or with the Balkan beds. [ don't think that in the 21st century there is not
a way to be able to put a hanging leg. But, a trauma patient after an operation ...
the bath is torture.

Also ... on a delivery table ... There are wonderful delivery beds and then
there are others that are the ones that are in most public centres.



10.1.2 Questionnaires with nurses

QUESTIONNAIRE WITH NURSES: SUBJECT A

Posture Never | Seldom Sometimes Often Very
often
Trunk Posture

T Straight upright X

(j Bent half-way forward (about 452)

fo Bent very forward (about 752) X
& Twisted/rotated X
/‘(? Bent to the side X

Arm position

% Both arms raised so that elbows are «

L above chin height

¥ One arm raised so that elbow is <

L above chin height

%— Both arms raised so that elbows are <

above chest height
% One arm raised so that elbow is «
above chest height
?\ Both elbows below chest height X
—
Leg Position

CLL Sitting X

T Standing

20' Squatting X
».T_l Kneeling (on one or both knees) X

jxi Walking, moving

Lifting pushing, pulling or carry with upright trunk posture

T Light force (up to 11kg) X

T Moderate force (11-23 kg) X

T Heavy/high force (more than 23 kg)

Lifting, pushing, pulling or carry with bent trunk

(a Light weight or force (up to 11 kg) X
ra Moderate weight or force (11-23 kg) X
ra Heavy weight or force (more than

- 23 kg)
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QUESTIONNAIRE WITH NURSES: SUBIECT B

Posture

Never

Seldom

Sometimes

Often

Very
often

Trunk Posture

Straight upright

X

Bent half-way forward (about 452)

Bent very forward (about 752)

Twisted /rotated

Bent to the side

Arm

positio

=

Both arms raised so that elbows are
above chin height

One arm raised so that elbow is
above chin height

Both arms raised so that elbows are
above chest height

One arm raised so that elbow is
above chest height

Both elbows below chest height

Leg Position

Sitting

Standing

Squatting

Kneeling (on one or both knees)

Walking, moving

Lifting pushing, pulling or carry with upright trunk postur

Light force (up to 11kg) X

Moderate force (11-23 kg) X

Heavy/high force (more than 23 kg) X
Lifting, pushing, pulling or carry with bent trunk

Light weight or force (up to 11 kg) X

Moderate weight or force (11-23 kg) X

Heavy weight or force (more than <

23 kg)

YEPEY 1oGsKOLAN
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QUESTIONNAIRE WITH NURSES: SUBIECT C

Posture Never | Seldom Sometimes Often Very
often
Trunk Posture
T Straight upright X
KJ Bent half-way forward (about 452)
fo Bent very forward (about 752) X
& Twisted /rotated X
;(P Bent to the side X
Arm position
T’ Both arms raised so that elbows are
above chin height
‘r One arm raised so that elbow is
above chin height
% Both arms raised so that elbows are «
above chest height
T— One arm raised so that elbow is «
above chest height
% Both elbows below chest height
Leg Position
(LL Sitting X
T Standing
é) Squatting X
-.T'l Kneeling (on one or both knees) X
jx\[ Walking, moving
Lifting pushing, pulling or carry with upright trunk postur
T Light force (up to 11kg)
T Moderate force (11-23 kg) X
T Heavy/high force (more than 23 kg) X
Lifting, pushing, pulling or carry with bent trunk
KJ Light weight or force (up to 11 kg)
KJ Moderate weight or force (11-23 kg)
ra Heavy weight or force (more than «
23 kg)

YEPEY 1oGsKOLAN
L2 1 SKOVDE
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10.1.3 Interviews with surgeons

INTERVIEW WITH SURGEONS: SUBJECT D

Demographic data

Identification (A, B, C, etc.) D

Age 36

Gender Male

Weight (kg) 79

Height (cm) 195

Sitting acromial (cm) 65

Acromion height (cm) 156

Shift duration 6 hours

Active years 12

Speciality Ophtalmology

Surgery room (specific operations) Glaucoma and cataract surgery

Centre Hospiten Roca, Gran Canaria
Questions

Subjective vision

Do you think you have had pain due to your work as a surgeon? Where?
Yes, mainly in the back and shoulder areas. In certain situations, this pain
can also get to the neck.
Which parts do you suffer the most during long operations? How many per week?
Glaucoma surgeries are performed once a week. They last an average of
one hour, and after the first thirty minutes, I usually start to experience a pain
located in the shoulder and back areas.
Which parts do you suffer the most during short operations? How many per week?
Four times per week, cataract surgeries are performed. Since they last
just ten minutes and are quite simple, I do not experience any considerable pain.
However, if | had to decide, the most affected areas would probably be the neck
and lower back.

Intensity, duration & frequency

How many times do you operate a day? How many times per week?

One operation per working day. Five operations per week.
What is the operations’ time span?

Surgery times go from ten minutes up to one hour and a half.
Which are the most demanding operations? How often do you perform those
operations?

Glaucoma surgeries, because of their duration and need of focus and
precision. The postures in this surgery are very static, shoulders’ muscles tend to
be in tension and trapezius starts to sore.

Individual experience
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Which are the rarest or most uncomfortable postures for the hands (or upper
limbs)?




Not a lot of uncomfortable hand postures in surgeries, but in laser
sessions. Specifically, when using a system called ‘Slit lamp laser’ in which, while
seated 70 cm away from the patient, | have to maintain mi arm raised and close
to the patient’s eyes to adjust different lenses. The process can last for twenty
minutes.

Could you describe two postures (in context) that are especially uncomfortable?

Even though I haven’t done it for a while, I remember eyelid and orbit
surgery to be specially exhausting. The surgeon works in a stand-up position,
gazing downwards and maintaining static postures for long periods of time.
Could you enumerate the following parts according to the overall soreness
experienced? Neck, shoulders, lower back, upper limbs, hands, and legs.

Back, neck, shoulder, upper limbs, and lower limbs.

Have you received training related to patient handling (referred to ergonomics)
before? Do you apply the principles learned?

Not that I can remember.

Previously identified problems

Do you think that there are some external factors that compromise the quality of the
ergonomics? Which ones? (surgical instruments, bed’s height)

The equipment is, in average, pretty comfortable to use and very well
designed. However, when using microscopes, the neck is a little bit tilted
forward and it gets uncomfortable if used for long sessions.

Improvements
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Any potential improvements?

Not really.
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INTERVIEW WITH SURGEONS: SUBJECT E

Demographic data

Identification (A, B, C, etc.) E

Age 27

Gender Male

Weight (kg) 90

Height (cm) 196

Sitting acromial (cm) 67

Acromion height (cm) 158

Shift duration 8-9 hours

Active years 3

Speciality Urology

Surgery room (specific operations) Oncological Urology

Centre Hospital of La Laguna, Tenerife
Questions

Subjective vision

Do you think you have had pain due to your work as a surgeon? Where?
Yes, frequently. Mainly in the back. Ensures that most of the surgeons
suffer from lower back pain.
Which parts do you suffer the most during long operations? How many per week?
There can be two long operations per week max and these can last up to
8 hours. Pain appears mainly in the neck and back regions (both upper and
lower back).
Which parts do you suffer the most during short operations? How many per week?
Short operations are considered those that last less than 2 hours. In these
cases, pain also appears in the neck and back areas.

Intensity, duration & frequency

How many times do you operate a day? How many times per week?

Normally two times per day. It varies depending on the amount of time
the operation requires. Only one long surgery per day can be performed and up
to three short surgeries per day.

What is the operations’ time span?

Surgeries span from 2 to 8 hours.

Which are the most demanding operations? How often do you perform those
operations?

Transplants and laparoscopies. An average of four transplants and eight
laparoscopies are performed in a month.

Individual experience
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Which are the rarest or most uncomfortable postures for the hands (or upper
limbs)?

Laparoscopies. These surgeries require high levels of precision and the
hands need to be maintained in awkward positions for long periods of time. It
usually affects the wrists due to excessive bending which can end up causing
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diseases such as carpal tunnel syndrome (CTS). The interviewee ensures that in
this specific surgery there is no need of applying high exertions and it is the hand
posture that makes it hazardous.
e (Could you describe two postures (in context) that are especially uncomfortable?
Maneuvers implying the separation of tissues or bones, including
abdominal wall in kidney operations or the separation of the ribs for liver
surgeries. It consists of pulling a tissue or a bone using a long instrument with a
bent end, improving the visibility of the other surgeons. There are cases in which
the instrument needs to be held for more than 5 minutes straight.
e Could you enumerate the following parts according to the overall soreness
experienced? Neck, shoulders, lower back, upper limbs, hands, and legs.
Lower back, neck, shoulders, hands, arms, and lower limbs.
e Have you received training related to patient handling (referred to ergonomics)
before? Do you apply the principles learned?
Yes, but on a basic level.

Previously identified problems
e Do you think that there are some external factors that compromise the quality of the
ergonomics? Which ones? (surgical instruments, bed’s height)

Everything in the surgery room is adjusted for the needs of the main
surgeon, however, if they differ a lot from the other members of the team it
needs to be discussed and readjusted. The instruments and tools used for the
surgeries are all very well ‘ergonomically’ designed and comfortable. However,
they get damaged during sterilization processes affecting this not only to their
finishing but in some cases to their shape too.

Improvements
e Any potential improvements?

Unlike other specializations like ophthalmology, urology-related
surgeries are performed standing. It would be great to have some kind of seat
that allows you to maintain the hips and back supported while in an almost
stood position.



INTERVIEW WITH SURGEONS: SUBJECT F

Demographic data
Identification (A, B, C, etc.) F
Age 27
Gender Female
Weight (kg) 68
Height (cm) 167
Sitting acromial (cm) 57
Acromion height (cm) 138
Shift duration 8-24 hours
Active years 2
Speciality Neurosurgery
Surgery room (specific operations) —
Centre San Juan de Dios Hospital, Tenerife, Spain
Questions

Subjective vision
¢ Do you think you have had pain due to your work as a surgeon? Where?
Yes, in head and in the lower back.
e  Which parts do you suffer the most during long operations? How many per week?
Lower back and neck. Maybe two long operations per week.
e  Which parts do you suffer the most during short operations? How many per week?

During short operations I have not feel any pain. I have, maybe, 4 short
operations per week.

Intensity, duration & frequency

e How many times do you operate a day? How many times per week?
1 or 2 times per day, 3 times per week. So each week, between 3 and 6 times.

e What is the operations’ time span?
Between 3 and 18 hours.

e Which are the most demanding operations? How often do you perform those

operations?

Those in which we need to keep standing for a long time and those in which
we need to use the microscope. And we have those operations 2 times per
week.

Individual experience
e  Which are the rarest or uncomfortable postures for the hands (or upper limbs)?

Making a drill bit: with the right hand, grasp the motor perpendicular to the
skull and slightly force it in the same position. With the contralateral hand you have
to force in the opposite direction so that it does not sink.

Also using the laminotome: instrument similar to tweezers to cut. That it is
necessary to make force with one hand and with the other force in the opposite
direction so that it does not sink.

e (Could you describe two postures (in context) that are especially uncomfortable?

We always operate in the same posture: standing.
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e (Could you enumerate the following parts according to the overall soreness
experienced? Neck, shoulders, lower back, upper limbs, hands, and legs.
Neck, lower back, shoulders, upper limbs, hands and legs.
e Have you received training related to patient handling (referred to ergonomics)
before? Do you apply the principles learned?
No, never. I have not received that kind of training.

Previously identified problems
e Do you think that there are some external factors that compromise the quality of the
ergonomics? Which ones? (surgical instruments, bed’s height)
Surgical instruments are OK. But it would be great if we were not standing
during the full operation.

Improvements
e Any potential improvements?

[ have never thought about it.



10.1.4 Questionnaires with surgeons

QUESTIONNAIRE WITH SURGEONS: SUBJECT D

Posture Never | Seldom Sometimes Often Very
often
Trunk Posture
T Straight upright X
(j Bent half-way forward (about 452) X
fo Bent very forward (about 752) X
& Twisted/rotated X
/‘(? Bent to the side X
Arm position
% Both arms raised so that elbows are «
L above chin height
¥ One arm raised so that elbow is «
L above chin height
%— Both arms raised so that elbows are «
above chest height
% One arm raised so that elbow is <
above chest height
?\ Both elbows below chest height
—
Leg Position
CLL Sitting X
T Standing
20' Squatting X
».T_l Kneeling (on one or both knees) X
jxi Walking, moving
Lifting pushing, pulling or carry with upright trunk posture
T Light force (up to 11kg) X
T Moderate force (11-23 kg) X
T Heavy/high force (more than 23 kg) | x
Lifting, pushing, pulling or carry with bent trunk
(a Light weight or force (up to 11 kg) X
ra Moderate weight or force (11-23 kg) | x
ra Heavy weight or force (more than
- 23 kg)
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QUESTIONNAIRE WITH SURGEONS: SUBJECT E

Posture Never | Seldom Sometimes Often Very
often
Trunk Posture
T Straight upright
KJ Bent half-way forward (about 452) X
fo Bent very forward (about 752) X
& Twisted /rotated X
;(P Bent to the side X
Arm position
T’ Both arms raised so that elbows are «
above chin height
‘r One arm raised so that elbow is «
above chin height
% Both arms raised so that elbows are «
above chest height
T— One arm raised so that elbow is «
above chest height
% Both elbows below chest height
Leg Position
(LL Sitting
T Standing X
é) Squatting X
-.T'l Kneeling (on one or both knees) X
jx\[ Walking, moving X
Lifting pushing, pulling or carry with upright trunk posture
T Light force (up to 11kg) X
T Moderate force (11-23 kg) X
T Heavy/high force (more than 23 kg) | x
Lifting, pushing, pulling or carry with bent trunk
KJ Light weight or force (up to 11 kg) X
KJ Moderate weight or force (11-23 kg) | x
ra Heavy weight or force (more than «
23 kg)
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QUESTIONNAIRE WITH SURGEONS: SUBJECT F

Posture Never | Seldom Sometimes Often Very
often
Trunk Posture
T Straight upright
KJ Bent half-way forward (about 452) X
fo Bent very forward (about 752) X
& Twisted /rotated X
;(P Bent to the side X
Arm position
T’ Both arms raised so that elbows are «
above chin height
‘r One arm raised so that elbow is «
above chin height
% Both arms raised so that elbows are «
above chest height
T— One arm raised so that elbow is «
above chest height
% Both elbows below chest height
Leg Position
(LL Sitting X
T Standing
é) Squatting X
-.T'l Kneeling (on one or both knees) X
jx\[ Walking, moving X
Lifting pushing, pulling or carry with upright trunk postur
T Light force (up to 11kg) X
T Moderate force (11-23 kg) X
T Heavy/high force (more than 23 kg) | x
Lifting, pushing, pulling or carry with bent trunk
KJ Light weight or force (up to 11 kg) X
KJ Moderate weight or force (11-23 kg) | x
ra Heavy weight or force (more than «
23 kg)
(g osesose 76




10.2 PERSONAS

Mo
LISQ. urse
out Motivations

- Helping people recover from their illnesses to
return to their normal lifes.
cation: Las Palmas de Gran Canaria, Spain - Feels that is our duty to take care of those who
are not going through a good time.
ost: Nurse
Vorkplace: General Hospital José Molina
Xperience: 3 year

rations

hough conscious that is not her fault, she is “
sily moved when some patients fail to Taklng care Of each Ol‘-he/‘

overcome the illness.

always thinks that something could /S everyOne ’S /OD

have been done better, and it leads her

to feel insecure. For UrSES, IS our dUlLy .

is'in her first year of nursing apprenticeship in a hospital. For several years, she has been playing volleyball,
her passion. Since she started working, though, it has been difficult to combine both things. She quitted volley
and started going to the gym sometimes. As a novice, she performs many different tasks such as measuring
blood pressure or changing serum providers. Occasionally, she dlso participates in surgeries as a theatre nurse
where she has to stand still for several hours. Due to work overload, she has no time to perform tasks with

the caution needed. In this sense, transferring patients or changing medication without adjusting

bed height and other equipment dimensions can mean a pain in the lower back.

Fig. 34. Persona 1: Lisa, a nurse.
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Clnie| nurse

Motivations

5 - Proponent of work well done
Separated - Great respect for the sciences and medicine
n: Lanzarote, Canary Islands, Spain - Spirit of sacrifice
- His aim is to fight against the illness; to help
urse the patient is the consequence.
stkplace: Primary health centre Puerto Carmen
nce: 3 years

frations

does not mind to spend as much time as “

necessary working hard. However, sometimes

hfs do not receive the best attention, just There I'S On/y one Way o

e equipment is not good enough. He claims

e best work conditions, and he feels devastated dO [h/ngs fhe f/ghf Way o

injuries in the workplace or patients’ health risks
ave been avoided.

has been working for four years in a primary health centre. He combines the shifts at this centre with
eir patients” homes. According to Daniel, at primary hedlth centres, quality of the equipment islower
red fto hospitals. "Equipment iscompletely behind the times: beds height is not adjustable, tools and
re in very bad conditions, and quite often electronic devices need to be repaired”. On the other
describes home visits as the most demanding part of the work, since those patients have normally

d mobility and there is not mobile equipment that he can bring to the residences. In consequence,
he has to adapt to specific conditions each time, which leads him to adopt weird and dangerous
postures when it comes to change medication and healing procedures.

Fig. 35. Persona 2: Daniel: a nurse.
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ichael suqcon

Motivations

- Michael’s love for medicine runs in the family.
He enjoys with the work he has, and all what
ation: Mélaga, Andalucia, Spain he wants is to improve working conditions so that
his personal work is also the best possible.
: Surgeon, Urology
orkplace: University Hospital Victoria
erience: 2 years

rations

ichael thinks that comfort in his work is “
tly related to the quality of the service
the patient will receive. For that reason, he
‘gets annoyed when, in the middle of an
ation, he realizes that is thinking about
 discomfort instead of focusing on the patient.

The only way to improve
IS being aware of fails.”

on his second year of urology training at University Hospital, in Mélaga, Spain. He was born in a family of
" doctors so his interest in medicine comes from an early age. When it comes to his job, he considers himself as
i proactive and ambitious person, always looking for ways to get better at it and improve his work environment.
He sees the latter as a crucial aspect to get the best outcome of his work. However, being much taller than his
icolleagues has always set difficulties in his daily routine, from working on his desk to bed height in the surgery
room, since it is adapted to the main surgeon. As an apprentice, his tasks in the surgery room are mainly
focused on helping out his colleagues. This involves holding static postures for long periods

of time, which turns into pain and soreness in the lower back and neck area.

Fig. 36. Persona 3: Michael, a surgeon.
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10.3 MOTION CAPTURE RECORDING SESSION PICTURES

Fig. 37. Task 1, persona 1

Fig. 38. Task 1, persona 2
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Fig. 39. Task 2, persona 1.

Fig. 40. Task 2, persona 2.
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Fig. 41. Task 3, persona 1.

Fig. 42. Task 3, persona 2.
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Fig. 43. Task 4, persona 1.

Fig. 44. Task 4, persona 2.
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Fig. 45. Task 5, persona 3.

Fig. 46. Task 6, persona 3.
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10.4 MVN ANALYZE SIMULATION PICTURES

Victoria

Fig. 47. Task 1, persona 1.

Javi

Fig. 48. Task 1, persona 2.
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Fig. 49. Task 2, persona

Fig. 50. Task 2, persona
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Fig. 51. Task 3, persona 1.




Victoria

Fig. 53. Task 4, persona 1.

Fig. 54. Task 4, persona 2.
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Fig. 55. Task 5, persona

Fig. 56. Task 6, persona
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10.5 IPS IMMA TASKS RESULTS

& Victoria

ﬂ Group A: Arm and Wrist Analysis

[Z] Left Upper Arm Position [E] Right Upper Arm Position
[T] Lower Arms Pasition (Worst Arm) Bl Lt wrist Position
B Right Wrist Position [ Left Wrist Twist

[T] Right Wrist Twist

ﬂ Group B: Neck, Trunk and Leg Analysis

[EZ] Neck Position Bl Trunk Position
[] Work postures imparting stress on hips/knees

ﬂ Grand RULA score

[ Muscle use score [] Force/Load score

Fig. 57. Task 1, persona 1.

. Group A: Arm and Wrist Analysis

Bl 1<t Upper Arm Position [T Right Upper Arm Pasition
[T Lower Arms Position (Worst Arm) Bl Lt Wrist Position
Bl Right Wrist Position 2 Left Wrist Twist

[T Right Wrist Twist

. Group B: Neck, Trunk and Leg Analysis

. Neck Position . Trunk Position

. ‘Work postures imparting stress on hips/knees

. Grand RULA score

. Muscle use score D Force/Load score

Fig. 58. Task 1, persona 2.
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Fig. 59. Task 2, persona 1.

Persona 2

ﬂ Group A: Arm and Wrist Analysis

Left Upper Arm Position [2] Right Upper Arm Position
[E] Lower Arms Position {Worst Am) B Left Wrist Position
B Right Wrist Position [E] Left Wrist Twist

[E] Right Wrist Twist

[B Group B: Neck, Trunk and Leg Analysis

B Meck Pasition B Trunk Position
. Work postures imparting stress on hips/knees

. Grand RULA score

] Muscle use scare M Force/Load score

Fig. 60. Task 2, persona 2.
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Fig. 61. Task 3, persona 1.

Persona 2

_+ | Group A: Arm and Wrist Analysis

B Left Upper Arm Position [2] Right Upper Arm Positior
[Z] Lower Arms Position (Worst Arm) Bl Left Wrist Position
B Right Wrist Position [ veft Wrist Twist

[T Right Wrist Twist

. Group B: Neck, Trunk and Leg Analysis

B Neck Position B Trunk Position
. Work postures imparting stress on hips/knees

. Grand RULA score

. Muscle use score . Force/Load score

Fig. 62. Task 3, persona 2.
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ﬂ Group A: Arm and Wrist Analysis

[@] Left Upper Arm Position B Right Upper Arm Pasition
[Z] Lower Arms Position (Worst Arm) B Left Wiist Position
Bl Right Wrist Position [ Left Wrist Twist

[2] Right Wrist Twist

. Group B: Neck, Trunk and Leg Analysis

B Neck Position B Trunk Position

Work postures imparting stress on hips/knees

. Grand RULA score

[ Muscle use score M Force/load score

Fig. 63. Task 4, persona 1.

& Persona2

ﬂ Group A: Arm and Wrist Analysis

[2] Left Upper Arm Position [2] Right Upper Arm Position
[E] Lower Arms Position (Worst Am) B Lt Wrist Position
Bl Right Wrist Position [A] Left Wrist Twist

[T Right Wrist Twist

. Group B: Neck, Trunk and Leg Analysis

[ Meck Position Trunk Position
[E] Work postures imparting stress on hips/knees

. Grand RULA score

[ Muscle use score M ForcerLoad score

Fig. 64. Task 4, persona 2.
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Fig. 65. Task 5, persona 3.

X Matias

ﬂ Group A: Arm and Wrist Analysis

[ Left Upper Arm Position [&] Right Upper Arm Pasition
[E] Lower Arms Position (Worst Arm) Bl Left wrist Position
B right rist Position [ Left Wrist Twist

[E] Right Wrist Twist

. Group B: Neck, Trunk and Leg Analysis

Neck Position [2] Trunk Position
[E] Work postures imparting stress on hips/kness

j Grand RULA score

[] Muscle use score [T Force/Load scare

& Persona2

ﬂ Group A: Arm and Wrist Analysis

Left Upper Arm Position [E] Right Upper Am Position
Bl Lower Arms Position (Worst Arm) Bl L<ft Wirist Position
Bl Right Wrist Position [ Left Wrist Twist

[2] Right Wrist Twist

. Group B: Neck, Trunk and Leg Analysis

[E] NeckPosition B TrunkPosition
[Z] Work postures imparting stress on hips/knees

. Grand RULA score

[[] Muscle use score [T Force/Load score

Fig. 66. Task 6, persona 3.

94



10.6 JACK TECNOMATIX TASKS RESULTS

10.6.1 RULA Results

% Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports

Job Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: &
Body Group B Posture Rating
Lowerarm: 3

Neck 2
Wrist: 3

Trunk: 3
Wrist Twist: 2

Total: 5
Total 6

Muscle Use:  Normal, ne extreme use

Muscle Use:  Normal, no extreme use
Force/Load:  2-10 kg intermittent load

Force/Load: 2-10 kg load

Amns: Not supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 6

Action: Investigation and changes are required

Update Analysis

Usage Dismiss

Fig. 67. Task 1, persona 1.

& Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports ~[Analysis Summary

Job Title: Job Number:
Location Analyst:
Comments: Date:

Body Group A Posture Rating

Upperam: 3
Body Group B Posture Rating
Lowerarm: 3
Neck: 2
Wist: 3
Trunk: 2
Wist Twist: 2
Totak 5
Total 6

Muscle Use:  Normal, no extreme use

Muscle Use:  Normal, no extreme use
Force/load:  2-10 kg intermittent load

Force/Load:  2-10 kg load

Ams: Not supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 6

Action: Investigation and changes are required st

Update Analysis

Usage Dismiss

Fig. 68. Task 1, persona 2.
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&4 Rapid Upper Limb Assessment (RULA]

Task Entry | Reports

Job Title Job Number
Location: Analyst:
Comments: Date:

Body Group A Pesturs Rating

Upperarm: &
Body Group B Posture Rating
Lowerarm: 3

Neck: 2
‘Wrist: 3

Trunk: 3
‘Wrist Twist: 1

Total 7
Total: 8

Muscle Use:  Normal, no extreme use
Muscle Use:  Normal, no extreme use
Force/Load:  More than 10 kg static.
Force/Load:  More than 10 kg static. Shock forces.

Shock forces.

Arms: Nt supported

Legs and Fest Rating

Standing, weight even. Room for weight changes.

Grand Score: 7

Action: Investigation and changes are required immediately.

Update Analysis

Usage Dismiss

Fig. 69. Task2, persona 1.

& Rapid Upper Limb Assessment (RULA)

Task Entry | Reports iAnalysis Summary,

Job Title: Job Number:
Location: Analyst:
Comments: Date

Body Group A Posture Rating

Upperamn: 3
Body Group B Posture Rating
Loweram: 2

Neck: 1
Wrist: 2

Trunk: 3
Wrist Twist: 1

Total 6
Total: 7

Muscle Use:  Normal, no edreme us

Muscle Use:  Normal, no extreme use
Force/Load:  More than 10 kg static.

Force/Load:  Mere than 10 kg static. Shock forces.
Shock forces. -
Arms: Not supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 7

Action: Investigation and changes are required immediately.

Update Analysis

Usage Dismi

Fig. 70. Task 2, persona 2.
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% Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports Analysis Summary;

Job Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lowerarm: 3

Neck: 4
Wirist: 3

Trunk: 4
Wrist Twist: 1

Totalk 10
Total: 8

Muscle Use:  Normal, no extreme use
Muscle Use:  Normal, no extreme use
Force/Load:  More than 10 kg static.

Force/Load:  More than 10 kg static. Shock forces.
Shock forces.
Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

‘Grand Score: 7

Action: Investigation and changes are required immediately.

Update Analysis

Usage Dismiss

Fig. 71. Task 3, persona 1.

& Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports  Analysis Summary

Job Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 4
Body Group B Posturs Rating
Lowerarm: 3

Neck 2
‘Wrist: 3

Trunk: 4
Wrist Twist: 1

Total: 8
Total: 8

Muscle Use:  Normal, no edreme use
Muscle Use:  Normal, ne extreme use
Force/Load:  Mere than 10 kg static.

Force/Load:  Morethan 10 kg static. Shock forces.
Shock forces.
Arm: Net supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

‘Grand Score: 7

Action: Investigation and changes are required immediately.

Update Analysis

Usage Dismisz

Fig. 72. Task 3, persona 2.
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% Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports

Job Title: Job Number:
Location: Analyst
Comments: Date:

Body Group A Posture Rating

Upperarm: 5
Body Group B Posture Rating
Lowerarm: 3

Neck: 2
Wrist: 1

Trunk: 6
Wrist Twist: 2

Total: 10
Total: 9

Muscle Use:  Normal, no extreme use
Muscle Use:  Normal, no extreme use
Force/load:  More than 10 kg static.

Force/Load:  More than 10 kg static. Shock forces.
Shock forces.
Ams: Net supported

Legs and Feet Rating

Legs/fect not supported. Weight distribution uneven.

Grand Score: 7

Action: Investigation and changes are required immediately.

Update Analysis

Usage Dismiss

Fig. 73. Task 4, persona 1.

& Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports

Job Title: Job Number:
Location: Analyst
Comments: Date:

Body Group A Pesture Rating

Upperarm: 5
Body Group B Posture Rating
Lowerarm: 3

MNecke 1
Wrist: 1

Trunk: 6
Wrist Twist: 2

Total 10
Total: 9

Muscle Use:  Normal, no extreme use
Muscle Use:  Normal, no extreme use
Force/Load:  More than 10 kg static.

Force/Load:  More than 10 kg static. Shock farces.
Shock forces.
Ams: Net supported

Legs and Fest Rating

Legsffest not supported. Weight distribution uneven.

Grand Score: 7

Action: Investigation and changes are required immediately.

Update Analysis

Usage Dismiss

Fig. 74. Task 4, persona 2.
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2 Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports :Analysis Summary.

Job Title: Job Number:
Location: Analyst:

Comments: Date:
Body Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lowerarm: 3
Neck: 2
Wrist:
Trunk: 3
Wrist Twist:

Totalk 5
Total:

Muscle Use:  Normal, no extreme use
Muscle Use:  MNormal, no extreme use

Force/Load:  2-10 kg intermittent load

Force/load: 2-10 kg intermittent load

Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

‘Grand Score: 6

and changes are required

Update Analysis

Usage Dismiss | |l

Fig. 75. Task 1, female 1.

&2 Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports

Job Title: Job Number:
Location: Analyst:

Comments: Date:
Body Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lowerarm: 3
Neck: 2
Wrist: 3
Trunk: 3
Wrist Twist: 2

Total 5
Totak

Muscle Use:  Normal, no extreme use
Muscle Use:  Normal, no extreme use
Force/Load:  2-10 kg intermittent load

Force/load:  2-10 kg intermittent load

Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 6

Action: Investigation and changes are required soon.

Update Analysis

Usage Dismiss

Fig. 76.Task 1, female 2.
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2 Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports Analysis Summa

Job Title:
Location:

Comments:

Job Number:
Analyst:
Date:

Body Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lower arm:

3
Neck: 2
3

Wrist:

Trunk: 3
Wrist Twist: 2

Total: 5
Total:

Muscle Use:  Normal, no extreme use

Muscle Use:  Normal, no extreme use

Force/Load:

2-10 kg intermittent load

Force/Load:  2-10 kg intermittent load

Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 6

Acti Investigation and changes are required soon,

Update Analysis

Usage Dismiss i

Fig. 77. Task 1, female 3.

L Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports  Analysis Summary

Job Title: Job Number:

Location: Analyst:

Comments: Date:

Bedy Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lowerarm: 3
Neck: 2
Wrist:
Trunk: 3
Wrist Twist:

Total: 5
Total:

Muscle Use:  Normal, no extreme use

Muscle Use:  Normal, no extreme use

Force/Load:

2-10 kg intermittent load
Force/Load:

2-10 kg intermittent load

Arms; Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes,

‘Grand Score: 6

and changes are required

Usage Dismiss I

Fig. 78. Task 1, male 4.
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2 Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports  Analysis Summary

Job Title: Job Number:
Location: Analyst:
Comments: Date:
Body Group A Posture Rating

Upperam: 4

Body Group B Posture Rating
Lower arm:

3
Neck: 2
2

Wrist:
Trunk: 3
Wrist Twist: 2

Total: 5
Total:

Muscle Use:  Normal, no extreme use
Muscle Use:  Normal, no extreme use

Force/Load:  2-10 kg intermittent load

Force/Load:  2-10 kg intermittent load

Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 6

Acti Investigation and changes are required soon,

Usage Dismiss i

Fig. 79. Task 1, male 5.

& Rapid Upper Limb Assessment (RULA)

TaskEntry | Reports Analysis Summary

Job Title: Job Number:
Location: Analyst:

Comments: Date:
Body Group A Pasture Rating

Upperarm: 3
Body Group B Posture Rating
Lowerarm: 3
MNeck: 2
Wrist: 3
Trunk: 2
Wrist Twist: 2

Total: 5
Total:

Muscle Use:  Normal, no extreme use
Muscle Use:  Normal, no extreme use

Force/load:  2-10 kg intermittent load

Force/load:  2-10 kg intermittent load

Arms: Not supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 6

Action: Investigation and changes are required soon.

Update Analysis

Usage Dismiss | 1@

Fig. 80. Task 1, male 6.
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L2 Rapid Upper Limb Assessment (RULA}

TaskEntry | Beports  Analysis Summant

Job Title: Job Number
Location: Anelyst:
Comments: Date

Body Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lower arm:
Neck: 1
Wrist
Trunk 3
Wrist Twist:

Totat
Totat

Muscle Use:  Nomal, na extreme use
Muscle Use:  Normal, no extreme use
Force/Load:  More than 10 kg static,
Force/Load:  More than 10 kg static. Shock forces,

Shack forces.

Armns: Not supported
Legs and Feet Rating

Standing, weight evan. Room for weight changes

Grand Score: 7

Action: Investigation and changes are requirad immediately.

Update Analysis

Dismiss

Fig. 81. Task 2, female 1.

&2 Repid Uppes Limb Assessment (RULA)

TeskEnty | Beports  Analysis Summany

Job Title: Job Number
Location: Anslyst
Comments: Date

Body Group A Posturs Rating

Upper arm:

Body Group B Posture Rating
Lower arm:

Neck: 2
Wrist:

Trunk 3
Wrist Twist:

Total
Totat

Muscle Use:  Nommal, no extreme use
Muscle Usee  Normel, no exdremne use
Force/Load:  More than 10 kg static.
Force/Load:  Mera than 10 kg static Shock forces,
Shock forces.

Armns: Not supported
Legs and Feet Rating

Standing, weight even. Room for weight changes.
Grand Score: 7

Action: Investigation and changes are required immediately.

Update Analysis

Diseniss

Fig. 82. Task 2, female 2.
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2 Rapid Upper Limb Assessment (RULA]

Tesk Entry \ Beports  Analysis Summary

Job Title: Job Number
Location Anelyst:
Comments: Date:

Body Group A Posture Rating

Upperaim: 3
Body Group B Posture Rating
Lowes arm:
Neck: 1
Wrst:
Trunk 3
Wrist Twist

Totak 6

Totat

Muscle Use:  Normal, no extreme use
Muscle Use Normael, no extremne use
Force/Load:  More than 10 kg static,
Force/Load:  More than 10 kg static. Shock forces,

Shack forces.

Not supported
Legs and Feet Rating

Standing, weight even. Room for weight changes

Grand Score: 7

Action: Tnvestigation and changes are required immediately.

Diserviss.

Fig. 83. Task 2, female 3.

2 Rapud Uppes Limb Assessment (RULA)

TaskEntry | Bepocts  Analysis Summary

Job Title: Job Number
Location: Anelyst:
Comments: Date:

Body Group A Posture Rating

Upper arm:
Body Group B Posture Rating
Lowrer arm:
Neck: 2
Wrist:
Trunk 3
Wrist Twist:

Total
Totat

Muscle Use:  Normmal, no extreme use
Muscle Use:  Normal, no extreme use
Force/Load:  More than 10 kg static,
Force/Load:  More than 10 kg static. Shock forces.

Shack forces.

Armns: Not supported
Legs and Feet Rating

Standing, weight even. Rocm for weight changes

Grand Score: 7

Action: Investigation and changes are required immediately.

Diseruss

Fig. 84. Task 2, male 4.

AR
#E‘}:f}‘i HOGSKOLAN 103
PEL  [SKOV



L2 Reprd Upper Limb Assessment (RULA]

TeskEntry | Beports  Analysis Summary

Job Title: Job Number
Location: Anstyst:
Comments: Date:

Body Group A Posture Rating

Upper arm:
Jody Group B Posture Rating
Lower arm:
Neck: 1
Wrist
Trunk 3
Wrist Twist

Totak
Totat

Muscie Use:  Nommal, no extreme use
Muscle Use:  Normal, no extreme use
Force/Load:  More than 10 kg static,
Force/Load:  More than 10 kg static Shock forces.
Shock forces.

Not supported
nd Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 7

Usage Dismiss

Fig. 85. Task 2, male 5.

2 Repud Upper Limb Assessment (RULA)

| g
TeskEntyy | Beports  Analysis Summary

Job Title: Job Number
Location: Anlyst:
Comments: Date:

Body Group A Posture Rating

Upper arm:
Body Group B Posture Rating
Lowver arm:
Neck: 2
Wrist:
Trunk 3
Wrist Twist:

Total
Totat

Muscle Use:  Nommal, no extreme
Muscle Uses  Normsl no extreme use
Force/Load:  More than 10 kg static,
Force/Load:  More than 10 kg static. Shock forces.

Shack forces.

Armns: Not supported
Legs and Feet Rating

Standing, weight even. Room for weight changes

Grand Score: 7

Action: Investigation and changes are required immediately.

Usage Dismiss

Fig. 86. Task 2, male 6.
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| %5 KApIO UPPET LIMD MSSESSMENT [RULAJ

TaskEntry | Reports  Analysis Summary
Job Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 5
Body Group B Posture Rating
Lowerarm: 3
Meck: 5
Wrist: 3
Trunk: 5
Wrist Twist: 2
Total: 11
Total: 10
Muscle Use:  Normal, no extreme use
Muscle Use:  Mormal, no extreme use
Force/Load:  More than 10 kg static.,
Force/Load: More than 10 kg static. Shock forces.
Shock forces.
Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 7

Action: Investigation and changes are required immediately.

Usage Dismis

Fig. 87. Task 3, female 1.

ALazr iy | LTI e e LR
Job Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 4
Bedy Group B Posture Rating
Lower arm: 3
Meck: 4
Wrist: 3
Trunk: 4
Wrist Twistt 1
Total: 10
Total: 8
Muscle Use:  Mormal, no extreme use
Muscle Use:  Mormal, no extreme use
Force/load:  More than 10 kg static.
Forcef/Load:  More than 10 kg static, Shock forces.
Shock forces,
Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes,

Grand Score: 7

Action: Investigation and changes are required immediately.

Usage ” Dismiss

Fig. 88. Task 3, female 2.
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| & Rapid Upper Limb Assessment (RULA) =

Task Entry | Reports  Analysis Summary

Job Title: Job Mumber:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lowerarm: 3
Meck: 4
Wrist: 3
Trunk: 4
Wrist Twist: 1
Total: 10
Total: 8

Muscle Use:  Mormal, no extreme use
Muscle Use:  Mormal, no extreme use

Force/Load: More than 10 kg static.

Force/Load:  More than 10 kg static. Shock forces.

Shock forces,

Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: T

Action: Investigation and changes are required immediately.

Usage ” Disrmis
Fig. 89. Task 3, female 3.

Task Entry | Beports

Job Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 4
Body Group B Posture Rating
Lower arm: 3
Meck: 4
Wrist: 3
Trunk: 4
Wrist Twist: 1
Total: 10
Total: 8

Muscle Uze:  Mormal, no extreme usze
Muscle Use:  Mormal, no extreme use

Force/load:  More than 10 kg static.

ForcefLoad:  More than 10 kg static, Shock forces,

Shock forces.

Arms: Mot supported

Legs and Feet Rating

Standing, weight even. Room for weight changes.

Grand Score: 7

Action: Investigation and changes are required immediately.

Usage Disrnis

Fig. 90. Task 3, male 4.
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| 2 Rapid Upper Limb Assessment (RULA)

Task Entry | Reports  Analysis Summary

Job Title:
Location:

Comments:
Body Group A Posture Rating
Upperarm: 4

Lower arm: 3

Wrist: 3
Wrist Twist: 1
Total: 8

Muscle Use:  MNormal, no extreme use

Force/Load:  More than 10 kg static,
Shock forces.

Arms: Mot supported

Legs and Feet Rating

Grand Score: 7

Fig. 91. Task 3, male 5.

nalysis Summa

Task Entry | Reports

Body Group A Posture Rating

Job Number:
Analyst:
Date:

Body Group B Posture Rating

Meck: 4
Trunk: 4
Total: 10

Muscle Use:  MNormal, no extr

ForcefLoad: More than 10 ki
Shock forces,

Upperarm: 4
Lowerarm: 3

Meck:
Wrist: 3

Trunk:
Wrist Twistt 1

Total:
Total: 5

Standing, weight even. Reom for weight changes.

Action: Investigation and changes are required immediately.

Job Title: Job Number:
Location: Analyst:
Comments: Date:

Bedy Group B Posture Rating

4
4

7

Muscle Use:  Mormal, no extreme use

Muscle Use:  Mormal, no extreme w

Force/Load: < 2 kg intermittent loa

Force/Load: < 2 kg intermittent load

Arms: Mot supperted

Legs and Feet Rating

Grand Score: 7

Seated, Legs and feet well supported. Weight even.

Action: Investigation and changes are required immediately.

Update Analysis

Fig. 92. Task 3, male 6.

Usage Dism
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£ Rapid Upper Limb Assessment (RULA)

Task Entry

lob Title:

Location:

Upper arm:
Lower arm:
Wrist:

Wrist Twist:

Total:

Comments:

Reports

Bedy Group A Posture Rating

5
3
1
2

Arms:

Muscle Use:

Force/Load:

Mormal, no extreme use

More than 10 kg static,
Shock forces.

Mot supported

Legs and Feet Rating

Grand Score: 7

Job Number:
Analyst:
Date:

Body Group B Posture Rating

Meck: 1
Trunk: 6
Total: 10

Muscle Use:  Mormal, no extren

ForcefLoad: Morethan10kgs
Shock forces,

Legs/feet not supported. Weight distribution uneven.

Action: Investigation and changes are required immediately.

Usage u

Fig. 93. Task 4, female 1.

Job Title:
Location:

Comments:

Task Entry ‘ Reports

Body Group A Posture Rating

Job Number:
Analyst:
Date:

Body Group B Posture Rating

Meck: 2
Trunk: &
Total: 10

Upperarm: 5

Lowerarm: 3

Wrist: 3

Wrist Twist: 2

Total: 10

Muscle Use:  Mormal, no extreme use

ForcefLoad:  More than 10 kg static.
Shock forces.

Arms: Not supported

Muscle Use:  Normal, no extre

Force/Load: Morethan 10 kg
Shock forces,

Legs and Feet Rating

Grand Score: 7

Legs/feet not supported. Weight distribution uneven,

Action: Investigation and changes are required immediately.

Usage |

Fig. 94. Task 4, female 2.
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Task Entry | Reports

Job Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 5

Body Group B Posture Rating
Lower arm: 3

Meck: 2
Wrist: 1

Trunk: &
Wrist Twist: 2

Total: 10
Total: 9

Muscle Use:  Normal, no extreme
Muscle Use:  Normal, no extreme use
ForcefLoad: More than 10 kg stz
Force/Load:  More than 10 kg static. Shock forces.
Shock forces.

Arms: Mot supported

Legs and Feet Rating

Legs/feet not supported. Weight distribution uneven.

Grand Score: 7

Action: Investigation and changes are required immediately.

Usage E

Fig. 95. Task 4, female 3.

Task Entry ‘ Reports

Job Title: Job Number:
Location: Analyst:
Coemments: Date:

Body Group A Posture Rating

Upperarm: 5

Body Group B Pesture Rating
Lower arm: 3

Meck: 1
Wrist: 3

Trunk: &
Wrist Twist: 1

Total: 10
Total: 10

Muscle Use:  Marmal, no extreme
Muscle Use:  Mormal, no extreme use
Forcef/Load: More than 10 kg sta
Force/Load:  More than 10 kg static., Shock forces.

Shock forces.

Arms: Naot supported

Legs and Feet Rating

Legs/feet not supported. Weight distribution uneven.

Grand Score: 7

Action: Investigation and changes are required immediately.

Usage Dis

Fig. 96. Task 4, male 4.
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Task Entry | Reports

Job Title: Job Mumber:
Location: Analyst:
Cemments: Date:

Body Group A Posture Rating

Upperarm: 5
Body Group B Posture Rating
Lowerarm: 3
Meck: 2
Wrist: 1
Trunk: &
Wrist Twist: 2
Total: 10
Total: 9

Muscle Use:  MNormal, no exti
Muscle Use:  MNormal, no extreme use
ForcefLoad: Merethan 10 k

Force/Load:  More than 10 kg static. Shock forces,
Shock forces.
Arms: Mot supported

Legs and Feet Rating

Legs/feet not supported. Weight distribution uneven.

Grand Score: 7

Action: Investigation and changes are required immediately.

usage |

Fig. 97. Task 4, male 5.

M e e

Task Entry | Reports

Jok Title: Job Number:
Location: Analyst:
Comments: Date:

Body Group A Posture Rating

Upperarm: 5

Body Group B Posture Rating
Lower arm: 3

Meck: 1
Wrist: 2

Trunk: 6
Wrist Twist: 2

Total 10
Total: 10

Muscle Use:  Mormal, no extreme u
Muscle Use:  Mormal, no extreme use
Force/Load:  More than 10 kg static
Force/Load:  More than 10 kg static, Shock forces.

Shock forces.

Arms: Mot supported

Legs and Feet Rating

Legs/feet not supported. Weight distribution uneven.

Grand Score: 7

Action: Investigation and changes are required immediately.

Usage Disrr

Fig. 98. Task 4, male 6.
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10.6.2 OWAS Results

2 Ovako Working Posture Analysis
Human:  TASKLFS

Analysis | Reports ‘

OWAS Posture Evaluation

|
T
0

(Owas Code: 2141)
\Warning! This werk posture will cause harmful levels of stress on the musculoskeletal system!

Corrective measures must be taken as soon a5 possible.
Note that only force c are considered in the analysis.

=] Watchdog

Usage || Waichdog Only | Loads & Weights][_ Active ][ Dismiss

Fig. 99. Task 1, persona 1.

&7 Ovako Warking Posture Analysis
Human: TASKIMS

Analysis | Reports ‘

OWAS Posture Evaluation

||
T
0

(Owas Code: 2141)
\Warning! This werk posture will cause harmful levels of stress en the musculoskeletal system!|

Corrective measures must be taken as soon s possible
Note that only force are considered in the analysis.

[*] Watchdeg

[ usage |[Watchdog Only)|Loads & Weights|[ ~ Active | Dismiss

Fig. 100. Task 1, persona 2.
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7 Ovako Working Posture Analysis

Human: [TASKIFS ol
Analysis | Reports ‘
OWAS Posture Evaluation
T T T T T T T T 1
0 1 2 3 4

(Owas Code: 2141)
\Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

Corrective measures must be taken as soon as possible.
Note that only for are considered in the analysis.

[7] Watchdog

[ usage |[Watchdog Only|[Losds & Weights | Active | Dismiss

Fig. 101. Task 2, persona 1.

&% Ovako Working Posture Analysis
Human: [TASKIMS

Analysis | Reports |

QOWAS Posture Evaluation

I
T
0 1

(Owas Code: 2141)
[Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

[EE
s
N

Corrective measures must be taken as soon as possible.
Note that only force c are considered in the analysis.

[[] Watchdog

|| Dismiss

Usage || Watchdog Only][Loads & Weights|| __Active

Fig. 102. Task 2, persona 2.
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&2 Ovako Working Posture Analysis
Human: [TASKIFS

Analysis | Reports |

OWAS Posture Evaluation

(Owas Code: 2141)
\Warning! This work pasture will cause harmful levels of stress on the musculoskeletal system!

Corrective measures must be taken as s00n as possible.
Note that enly force c are considered in the analysis.
[ Watchdog

Usage || Watchdog Only | Loads & Weights || Active

Fig. 103. Task 3, persona 1.

& Ovako Working Posture Analysis
Human: [TASKIMS

Analysis ‘ Reports |

OWAS Posture Evaluation

|
T
0

(Owas Code: 2141)
Warning! This werk posture will cause harmful levels of stress on the musculoskeletal system!|

Corrective measures must be taken as soon as possible.
Note that only force c are consid:

[] Watchdog

d in the analysis.

Usage | Watchdog Only | Loads & Weights|f — Active | Dismiss

Fig. 104. Task 3, persona 2.
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42 Ovako Working Posture Analysis
Human:  TASKIFS

Analysis | Reports ‘

OWAS Posture Evaluation

Warning! This work posture may result in extreme levels of stress on the musc

ective action is required immediatel
that only downward force components are considered in the analysis.

[7] Watchdog

Usage ||Watchdog Only [ Loads & Weights|[  Active | Dismiss

Fig. 105. Task 4, persona 1.

&5 Ovake Working Posture Analysis
Human: TASKIMS

analysis | Reports ‘

OWAS Posture Evaluation

(Owas Code: 4151)
Warning! This work posture may result in extreme levels of stress on the musculoskeltal system!

is required immediately!
Note that only downward force components are considered in the analysis.

[] Watchdog

Usage ||Watchdog Only | Loads & Weights | Active | Dismiss

Fig. 106. Task 4, persona 2.
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&2 Ovake Working Posture Analysis
Human: | TASKI1F

Analysis

Reports |

OWAS Posture Evaluation

(Owas Code: 2141)
\Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

Corrective measures must be taken as soon as possible.
Note that only force comp are consis d in the analysis.

1 Watchdog

{ Usage HWatchdogOnly”Load;&We\ght;I[ Active H Dismiss

Fig. 107. Task 1, female 1.

&2 Ovako Working Posture Analysis
Human: TASKL2F

Analysis Reports

OWAS Posture Evaluation

||
T
0

(Owas Code: 2141)
\Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!|

Corrective measures must be taken as soon as possible.
Note that only force « are considered in the analysis.

[ Watchdog

I Usage “WatchdogOnly”Loads&WeightsI[ Active ]I Dismiss.

Fig. 108. Task 1, female 2.
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&2 Ovako Working Posture Analysis
Hurnan:  TASKI3F

Analysis

Reports |

QOWAS Posture Evaluation

(Owas Code: 2141)

Waming! This work posture will cause harmful levels of stress on the musculoskeletal system!

Corrective measures must be taken as soon as possible.
Note that only

] Watchdog

force c

P are c

d in the analysis.

I Usage “WatchdogOnly”Loads&Weights“ Active ” Dismiss

Fig. 109. Task 1, female 3.

& Ovako Working Posture Analysis
Human: | TASK14M_
Analysis Reports |

OWAS Posture Evaluation

(Owas Code: 2141)

\Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!|

Corrective measures must be taken as soon as possible.
Mote that enly force o

[7] Watchdog

P are ¢ d in the analysis.

[ Usage HWat(thgOnly”LDad;&Wa\ghts][ Active ” Dismiss

Fig. 110. Task 1, male 4.
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&2 Ovako Working Posture Analysis
Human: | TASKI5M

Analysis ‘ Reports

OWAS Posture Evaluation

(Owas Code: 2141)

|Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

Carrective measures must be taken as soon as possible.
Mote that only force o i

o e il iEs
[] Watchdeg

Usage HWatr_hdog OnIyHLoads&Weights” Active ” Dismiss

Fig. 111. Task 1, male 5.

& Ovako Working Posture Analysis
Human: |TASK16M
Analysis Reports ‘

OWAS Posture Evaluation

(Owas Code: 2141}

Warning! This work pesture will cause harmful levels of stress on the musculeskeletal system!

Corrective measures must be taken as soon as possible.
Mote that only

] Watchdog

force ¢

p are c

d in the analysis.

I Usage HWatLhdogGn\y“Load;&Walghts][ Active ” Dismiss

Fig. 112. Task 1, male 6.
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&) Ovako Working Posture Analysis
Human: TASKI1F

Analysis | Reports

OWAS Posture Evaluation

i
r
0 1

(Owas Code: 2141)
Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

o
w
iy

Corrective measures must be taken as soon as possible.
Note that only force comp are considered in the analysis.

[] Watchdog

Usage ”WatchdogOnlyHLoads&We\ghts‘l Active Jl Dismiss

Fig. 113. Task 2, female 1.

£ Ovako Working Posture Analysis
Human: |TASKL2F z

Analysis ‘ Reports

OWAS Posture Evaluation

(Owas Code: 2141)
|Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

Corrective measures must be taken as soon as possible.
Nete that only force comp are consit in the analysis.

[7] Watchdeg

Usage HWatchdogOnly“Loads&We\ghtle Active Jl Dismiss

Fig. 114. Task 2, female 2.
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& Ovako Working Posture Analysis
Human: | TASK13F

Analysis | Reports ‘

OWAS Posture Evaluation

(Owas Code: 2141)

[Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!
Corrective measures must be taken as soon as possible.
Note that only force comp are consid

[ Watchdog

d in the analysis.

| Usage | Watchdog Only|Loads & Weights || Active ] Dismiss

Fig. 115. Task 2, female 3.

&4 Ovako Working Posture Analysis
Human: [TASKL4M_

Analysis | Reports |

OWAS Posture Evaluation

||
T
0

(Owas Code: 2141)

\Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!|

Corrective measures must be taken as soon as pessible.
Note that enly for

[] Watchdog

are c

d in the analysis.

Usage _|[Watchdag Only[Loads & Weights || Active [ Dismiss

Fig. 116. Task 2, male 4.
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& Ovako Working Posture Analysis
Human: TASK16M

Analysis | Reports

OWAS Posture Evaluation

0

(Owas Code: 2141)
[Warning! This work pesture will cause harmful levels of stress en the musculoskeletal system!

Corrective measures must be taken as soon as possible.
Note that only force c are considered in the anal

[ Watchdog

| ussge || Watchdog Only|[Loads & Weights | Active | Dismiss

Fig. 117. Task 2, male 5.

2 Ovako Working Posture Analysis
Human: [TASKISM

Analysis

Repors |

OWAS Posture Evaluation

||
T
0 1

(Owas Cede: 2141)
Warning! This work posture will cause harmful levels of stress on the musculoskeletal system!

o
"]
=

Corrective measures must be taken as soon as possible.
Note that only force comp are consi d in the analysis.

[] Watchdeg

Usage | Loads & Weights | Active i Dismiss

Watchdog Only|

Fig. 118. Task 2, male 6.
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& Ovako Working Posture Analysis
Human: |TASKI1F

Analysis

Reports |

OWAS Paosture Evaluation

(Owas Code; 4141)
Warning! This work posture may result in extrerne levels of stress on the musculoskeltal syste

Corrective action is required immediately!
Mote that only downward force components are considered in the analysis.

[7] Watchdeg

]

Usage ”WatchdogOnly”Loads&Weights]E Active

Fig. 119. Task 3, female 1.

L Ovake Working Posture Analysis
Humarn: |TASK12F

Analysis

Reports |

OWAS Posture Evaluation

(Owas Code: 2141)
Warning! This werk posture will cause harmful levels of stress en the musculoskeletal system!

Corrective measures must be taken as soon as possible.
Mote that enly downward force compenents are considered in the analysis.

[] Watchdog

Usage ”Watchdog Only”Loads &Weightle Active J[:

Fig. 120. Task 3, female 2.
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) Ovako Working Posture Analysis
Huran: | TASKI3F

Analysis

Beports ‘

OWAS Posture Evaluation

i
T
0 1

(Owas Code: 2141)
Warning! This work posture will cause harmful levels of stress on the musculoskeletal syste

[ =]
Lad

Corrective measures must be taken as scon as possible.
Mote that only downward force components are considered in the analysis.

Watchdog

| Usage ”Watchdog Only”Loads&LWeightle Active JI

Fig. 121. Task 3, female 3.

& Ovako Working Posture Analysis
Human: | TASK14M_

Analysis

Reports |

OWAS Posture Evaluation

1
T
0 1

(Owas Code: 2141)
Warning! This work posture will cause harmful levels of stress on the musculoskeletal syster

k2 —
[VS]

Corrective measures must be taken as soon as possible.
Note that only downward force compenents are considered in the analysis.

Watchdog

Usage ||Watchdog Only”Loads&Weights|E Active J[

Fig. 122. Task 3, male 4.
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2 Ovako Working Posture Analysis
Human: | TASKI1GM

Analysis

Reports |

OWAS Posture Evaluation

(Owas Code; 2141)
Warning! This work posture will cause harmful levels of stress on the musculoskeletal syst

Corrective measures must be taken as soon as possible.
Mote that only downward force components are considered in the analysis.

Watchdog

Usage ||Watchdog Only”Loads&Weights|E Active

Fig. 123. Task 3, male 5.

2 Ovako Working Posture Analysis
Human: | TASKIZM

Analysis

Reports |

OWAS Posture Evaluation

|
T
0 1

(Owas Code: 2141)
'Warning! This werk posture will cause harmful levels of stress on the musculoskeletal system!

2
[¥s]

Carrective measures must be taken as scon as possible.
Mote that only dewnward force components are considered in the analysis.

Watchdog

Usage ||Watchdog Only”Loads&Weights|E Active JE

Fig. 124. Task 3, male 6.
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;"} Owako Working Posture Analysis
Human: |TASKI1F

Analysis

Reports |

OWAS Posture Evaluation

(Owas Code: 4151)
Warning! This work posture may result in extreme levels of stress on the musculoskelt

Corrective action is required immediately!
Maote that only downward force components are considered in the analysis.

[] Watchdog

Usage ”Watchdog Only”Loads &Weightle Active

Fig. 125. Task 4, female 1.

&% Ovako Working Posture Analysis
Human: | TASK12F

Analysis | Reports

OWAS Posture Evaluation

(Owas Code: 4151)
Warning! This work posture may result in extreme levels of stress on the musculoskeltal sys;

Corrective action is required immediately!
Note that only downward force components are considered in the analysis.

[] Watchdog

Usage ”Watchdog Only”Loads &Weights” Active ][

Fig. 126. Task 4, female 2.
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&2 Ovake Working Posture Analysis
Human: |TASK13F

Analysis Reports ‘

OWAS Posture Evaluation

(Owas Code: 4151)
Warning! This work posture may result in extreme levels of stress on the musculo

Corrective action is required immediately!
Note that only downward force components are considered in the analysis.

[T] Watchdog

Usage HWatchdog OHIyHLoads &Weights” Act

Fig. 127. Task 4, female 3.

) Ovako Working Posture Analysis
Human: | TASK14M_

Analysis

Reports ‘

OWAS Posture Evaluation

(Owas Code: 4151)
Warning! This work posture may result in extrerne levels of stress on the musculoskeltal sy

Corrective action is required immediately!
Mote that only dewnward force components are considered in the analysis.

[] Watchdog

Fig. 128. Task 4, male 4.
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‘\,ﬂ Ovake Warking Posture Analysis
Human: |TASK15M

Analysis

Reports

OWAS Posture Evaluation

(Owas Code: 4151)
Warning! This work posture may result in extreme levels of stress on the musculoskd

Corrective action is required immediately!
Note that only downward force components are considered in the analysis.

[] Watchdog

Usage "WatchdogOnly”Loads&Weights]E Activ

Fig. 129. Task 4, male 5.

2 Ovake Working Posture Analysis
Hurnan: | TASKIGM

Analysis | Reports |

OWAS Posture Evaluation

(Owas Codes 4151)
Warning! This work posture may result in extreme levels of stress on the musculos

Corrective action is required immediately!
Note that only downward force components are considered in the analysis.

[] Watchdog

Usage ”Watchdog Only”Loads &Weightle Acti

Fig. 130. Task 4, male 6.
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