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Prefacio

La Sociedad de Ergonomistas de México A.C. (SEMAC), como parte relevante de su
actividad e interés en la difusion, promocién y apoyo a la ergonomia, ha organizado
desde 1999 y de forma anual, su Congreso Internacional de Ergonomia. En Abril de
2015, la hermosa y progresista ciudad de Hermosillo, y en especial la Universidad de
Sonora y el Instituto Tecnologico de Hermosillo, nos abren sus brazos para recibir el
XVIlI Congreso Internacional de Ergonomia, con la participacion de ergonomistas
profesionales e interesados en esta area.

Este afio tenemos la enorme confianza que estamos avanzando. SE aprobd y
entro en vigor a partir de febrero de este afio el nuevo Reglamento Federal de Salud y
Seguridad en el Trabajo que hace obligatorio, en todas las empresas, identificar, evaluar
y controlar todos los riesgos de tipo ergonémico que pudieran estar presentes en las
estaciones de trabajo. Ahora el reto es disefiar una norma que permita a los profesionales
de la Salud Laboral llevar mas salud y calidad de vida a nuestros compafieros
trabajadores..

Se reunen en este libro una seleccibn de los trabajos, presentados en este
congreso, mas representativos de las diversas areas que participan en la ergonomia,
aportando diferentes investigaciones y soluciones a problemas especificos, con la
finalidad de contribuir a la difusién, apoyo en la educacién e investigacion, de temas de
interés para la ergonomia.

Los editores, arbitros y comité académico, a nombre de la Sociedad de
Ergonomistas de México, A.C., agradecemos a los autores de los trabajos aqui
presentados su esfuerzo, e interés por participar y compartir su trabajo y conocimientos
en el XVI Congreso Internacional de Ergonomia de SEMAC. También agradecemos a los
participantes y asistentes, provenientes de muy diversos lugares y formaciones, asi
como a todo el equipo de organizacién de este congreso, su valiosa aportaciéon que
estamos seguros derivarda en el avance de la ergonomia en las Instituciones de
Educacién Superior y en la planta productiva nacional y mundial.

Enrique de la Vega Bustillos
Presidente SEMAC 2002 — 2004

SOCIEDAD DE ERGONOMISTAS DE MEXICO A.C.
“Trabajo para optimizar el trabajo”
Hermosillo, Sonora, Abril de 2015
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Resumen

Ante el elevado numero de parametros para tener una base
cientifica y técnica en el acondicionamiento luminoso de un espacio
laboral el desarrollo de este articulo propone un modelo de
evaluacion de la iluminaciébn sobre espacios laborales,
desarrollando un protocolo estandar para su observaciéon como
resultado de un estudio cualitativo y cuantitativo de la variable en
oficinas domiciliadas en la ciudad de Bogota.

La condicion de que el desarrollo del protocolo de evaluacion se
realizd sobre datos reales, fortalece el componente experimental, el
protocolo de observacion definido y aplicado en oficinas considera
la luminancia e iluminancia como parametros de referencia.

En este sentido, en la visibilidad en un espacio y la ejecucion
adecuada, confortable y segura de las tareas que requieren
concentracion visual radica la importancia que tiene la iluminacion,
una correcta iluminacion requiere de atencion en la cantidad y en la
calidad de la luz y que debe reconocerse esta como un factor de
riesgo fisico, esta caracteristica influye en el desempefio de los
trabajadores teniendo en cuenta que no se consideran efectos como
el deslumbramiento o la fatiga visual inducida por las condiciones
del entorno cuando este se disefia.

El analisis estadistico de los resultados obtenidos en este estudio es
relevante en la medida en que permitira establecer referencias para
la evaluacion del efecto de la iluminacion en los centros de trabajo,
considerando que un defecto en la misma influye negativamente en
el comportamiento del trabajador, causando agotamiento y
reduciendo su rendimiento laboral y su calidad de vida

Palabras clave. Iluminancia, luminancia, confort visual

Abstract

Considering the large number of parameters that has to be count in
order to build scientific and technical approach in the workspace
light conditions this article proposes an evaluation model of
illumination on work spaces, developing a standard protocol for its
observation as result of quantitative and qualitative research inside
offices in Bogota.

The protocol was developed and tested on limited observations
performing analysis on data gathered in situ, the experimental
component strengthens the observation protocol which was defined
and applied in offices considering and measuring luminance and
illuminance as benchmarks.

According to research, the visibility in the workspace must be
adequate, comfortable and it has to allow safe performing of tasks
that require visual concentration increasing the importance of
proper lighting, the lighting requires attention to the quantity and

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

quality of light and this must be recognized as a physical hazard,
being physical hazard lighting affects the working performance
taking into account effects that are not considered as glare or
eyestrain induced by environmental conditions when design is
made.

Statistical analysis of obtained results is relevant to establish
benchmarks to assess the effect of lighting in the workplace,
whereas a defect in it causes negative effect on worker behavior,
causing fatigue and reducing work performance and quality of life.

Keywords: Tllumination, illuminance, luminance, visual comfort.

Relevance to Ergonomics: The presence of luminous phenomena
that generate visual discomfort may cause losses in work
performance of employees, as well as impaired visual health
themselves.

This research discuss the importance of developing methods for
illumination hygiene assessments, in turn to identify objectively
the presence of luminous phenomena that cause visual discomfort.
These are invaluable tools for ergonomics that could complement
the traditional analysis of workplaces, in order to have objective
results towards the prevention of diseases in this population.

1. INTRODUCTION

There are several methods to study the illumination. Nevertheless,
there isn't a standardized method to facilitate the interpretation of
results of such studies in Colombia. Now, the country has a
technical regulation and public lighting (RETILAP). However, this
rule doesn’t have an ergonomic approach and the illuminance
variable is focused mainly to technical criteria for wiring design.

An exploratory descriptive study was conducted2, through this it
seek to apply a method to performing measurements on two
quantitative variables associated with illumination risk factor and a
qualitative evaluation to realize the preliminary diagnosis of
features associated with illumination and establishing luminous
phenomena that can generate visual discomfort in analyzed site.
This method was validated for six (6) technical experts, and it was
applied on 96 jobs in different companies of Bogota city. The
results of the validation and application showed that method is
viable to evaluate directly the luminous features in an workplace
with different geometries.

2. OBJECTIVE

To design and implementing a standardized and comprehensive
evaluation method of illumination risk factor, through luminance
and illuminance measurements that can diagnose conditions of
presence of luminous phenomena and exposure of study
population.

3. DELIMITATION

This paper is carried out under the following topics: physical
illumination, human visual system, illumination technical
evaluations, physical risk by illumination, industrial hygiene and
visual ergonomics.

In order to determine a suitable method for evaluation of luminous

conditions, the presence of light phenomena in workplaces with an
area of regular type to be proposed and tested for validation.

Pagina 1
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4. METHODOLOGY

The executed study was classified as exploratory and descriptive, it
seek to validate and applying a method for making measurements
on two variables quantitative and a qualitative evaluation that
allows for the preliminary diagnosis of features associated with
illumination and the presence of luminous phenomena that can
generate discomfort in analyzed site.

Measurements data were clustered and analyzed to define the
impact of external factors on conditions of the task, as well as
determining the relationship between degree of uniformity of the
area and the workplace for the variables, luminance and
illuminance.

5. RESULTS

A format validation was performed with five questions in which six
experts evaluated four criteria: relevance, adequacy, usefulness and
applicability.

The average percentage score of items of protocol was 93%, with
higher score 4.60 points, the highest ranked item was applicable
and useful, this shows the usefulness of the protocol. Followed by
the relevance and utility, which allows for establishing the method
used to identify the conditions of workplace in situ and can be
understood easily.

6. APPLICATION RESULTS
Environmental features

The protocol was applied in four companies on 96 workplaces of
Bogota city, most of them had a video terminal where the visual
task focused. Firstly, the characteristics of the environment and the
working position were qualitatively evaluated.

It was found that the walls color was clear in majority of the areas,
42% of the whole sample. There isn’t places with dark tones in
surrounding area.

The surfaces of evaluated workplaces had matte or brown tones,
52% of sample technically obscured.

Most of installations where workplaces were located had conditions
both artificial and natural lighting, therefore 69% of sample had
mixed lighting and only one was illuminated with daylight.

Two types of luminous phenomena were identified in areas where
workplaces were located, the most frequent was glare with 66% of
sample.

75% of sample had daylight, coming from windows located
adjacent to workplace.

In 72% of evaluated sample was identified the presence of glare,
which it was directly associated with entry of daylight into the

environment.

7. LUMINANCE AND ILLUMINANCE MEASUREMENT
RESULTS

7.1. Illuminance Results
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The results of illuminance measurements on workplaces were
averaged and these were grouped into 8§ intervals with an
amplitude of 249.22 lux, each one.

51% of the average illuminance values ranked in range of 6.23-
255.45 lux, on intervals 255.45-504.67 and 504.67-753.89 lux
were distributed mean illuminances in equivalent percentages of
17%. Only 1% of the average illuminance values were in range
1750.77-2000 lux.

7.2. Hypothesis Testing

A hypothesis test was applied, it based on a sample size n = 96 and
a theoretical average illuminance value of pu= 500 lux was
presumed (Table 410.1 RETILAP). The average value of mean
luminances on sample was x = 404.8 lux, with a standard
deviation S = 393.5. Subsequently, we proceed to calculate the
value of Z. This had a value of -23.22. Applying Equation 5, we
obtain Z = -23.22.

7.3. Luminance Results

Luminance measurements on workplaces were averaged and these
were grouped into 8 intervals with an amplitude of 53.65 (cd / m2).
74% of mean luminances were in an interval 1.68-55.34 (cd / m2),
18% of records were in range of 55.34-108.99 (cd / m2) and only
2% was located between 377.26-430.92 (cd / m2).

The average Iuminance of video terminal associated with
workplace was measured. In total 62 monitors were measured, data
were grouped into seven intervals 23.52 (cd / m2). 29% of mean
luminances of monitors are among 1.54 and 25.06 (cd / m2) and
23% of these are in range 48.58-72.11 (cd / m2) Here, data
distribution is more uniform since other data are clustered between
10% to 14%.

It was infered for 68 workplaces that glare was associated directly
with daylight, in these cases the luminance of window or space
through which the light entered was measured, 75% of mean
luminance are grouped on range of 10.48 (cd / m2) to 1186.17 (cd /
m2) (see Table 25), there was an outlier found in 9416 (cd / m2)
which represents 2% of average luminance of daylight but since
5888.93 (cd / m2), luminance measurements weren’t recorded.

7.4. Uniformity Results

Calculating the area uniformity was performed, considering the
method of room constant, also the uniformity of each workplace
was calculated. It was evident that in most cases the uniformity of
workplace is greater area uniformity. Similarly, the results of
worplace uniformity were averaged by areas. For luminance and
illuminance the results show that average uniformity of workplaces
is greater than area uniformity. For luminance of workplace is
similar to illuminance uniformity and in many cases is less than
uniformity of workplace.

8. CONCLUSIONS AND RECOMMENDATIONS
e There is a consensus in protocol and instrument validation,
the average qualification of all criteria was above 4 points.

e  The null hypothesis is rejected as result of Z = -23.22 and
95% confidence. Z takes values from -1.96 to 1.96, therefore
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the null hypothesis is rejected and the research hypothesis is
validated.

e  51% of average illuminance evaluated in this study are below
national and international standards, allowing to ratify the
need to carry out research with greater specificity in this field.

e  74% of mean luminances are within the range defined by the
guide INSHT of Spain

o  There is a relationship between daylight and the occurrence of
luminous phenomena such as glare  generating visual
discomfort.

e Results show that illuminance uniformity of area isn’t
representative with respect to workplaces uniformity, because
in most cases the uniformity of workplaces is greater than
area uniformity.
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Resumen

Este documento pretende mostrar la caracterizacion y andlisis de los
factores de riesgo en el diseflo de puestos de trabajo en el sector de
pequeila y mediana industria metal-mecanica de Navojoa. La
metodologia utilizada en el estudio fue la implementacion de la
herramienta de evaluacion para la recoleccion de datos y analisis de
datos. El desarrollo de este estudio llevo un total de 19 empresas del
sector metal mecanica especificamente dedicadas a la soldadura,
torno, rectificado y fresado. Como importantes resultados se
obtuvieron que en Navojoa en la industria metalurgica, en
dimensiones del cuerpo s6lo un 32% de las manijas del equipo se
adaptan a los trabajadores, en el 73,68% de los casos existen
posturas inadecuadas de los trabajadores en el tronco y los brazos y
en el 68,42% en las piernas, éstas son las posiciones de mayor
riesgo para los operadores y que puede ocasionar lesiones
musculoesqueléticas. Ademas solo el 5,26% de las empresas tienen
equipos mecanicos auxiliares para el transporte de cargas pesadas.
También se identificd que se encuentra la mayor concentracion del
riesgo en las posturas y movimientos del cuerpo en el 50% de los
empleados en el sector, que pueden conducir a enfermedades
profesionales y afectan la productividad del sector metal-mecénico.

Palabras clave: disefio de estaciones de trabajo, factores de riesgo,
sector metal-mecanico.

Abstract

This document aims to show the characterization and analysis of
the risk factors in design of jobs in small and medium-sized industry
sector metal-mechanics of Navojoa. The methodology used in the
study was the implementation of assessment tool, for data collection
and analysis of data. The development of this study took a total of
19 metal-mechanical companies specifically dedicated to welding,
lathe, grinding and milling. As important results were obtained that
in Navojoa in the metalworking industry, in body dimensions only
32% of the handles of the equipment are adapted to the workers, in
the 73.68% of cases there are inappropriate postures of workers in
trunk and arms and in the 68.42% in legs, these are the positions of
greater risk for the operators and that may cause musculoskeletal
injuries. In addition only 5.26% of enterprises have auxiliary
mechanical equipment for the transport of heavy loads. Also it was
identified that the greatest concentration of the risk is located in
postures and body movements in 50% of employees in the sector,
which can lead to occupational diseases and affect the productivity
of the metal processing sector.

Key words: design of work stations, risk factors, metal processing
sector.

Relevance to Ergonomics: research enriches information about risk
factors and design in man-machine interaction of the metal-
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mechanic sector and describes the situation of the workers,
pointing out in health and safety.

1. INTRODUCTION

This research is aimed at users in the sector metal-mechanic, where
there are use of machines and tools, in order to assess and detect
ergonomic risk factors for workers and to guide and help the users
of the sector to prevent ergonomic risks associated with the use of
machines to all actors involved in the sector.

According to statistics, the most common accidents in the
industry are related to the exposure of workers to inanimate
mechanical forces, such as a machine, a tool, a forklift and even an
explosive material.

On average every year are recorded in the industry between 50,000
and 60,000 accidents - such as shakes, crush or explosion - derived
from working with computers, heavy objects or flammable
substances. These accidents occurred to people working in the
industry, as porters, machine operators, tools operators of forklifts
operators, welders or flame cutters, according to [1].

According to [2], work accidents are on the rise during the years
nationally, (see table 1, see fig. 1).

Table 1. Accidents at work in Mexico

Year Accidents at work
2010 403,336
2011 422,043
2012 443,600

In Sonora, according to [3] during the period 2004-2013,
workplace accidents have increased in 1146 accidents in the years
2011-2012 (see table 2, see Figure 2):

Table 2. Accidents at work in Sonora

Year Accidents at work
2011 16,542
2012 17,688
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Figure 1. Accidents at work in Mexico
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Figure 2. Accidents at work in Sonora

There are different data that indicate the increasing importance that
are acquiring in recent years the problems associated with
inadequate ergonomic conditions of work. But unfortunately there
are not specific data related to problems in the field of ergonomics,
in the metal-mechanic sector related to the use of machines. The
statistics of the STPS of the State of Sonora is given on accidents
and diseases work, whereas diseases widely and not ergonomic
(such as inadequate postures, overexertion or repetitive motion), or
in the specific case of the metal processing sector.

1.1 Statment of the problem

According to a history of accidents and the high risk that represent
the activities carried out in the metal processing sector also showing
inadequate working conditions due to lack of knowledge of
ergonomic risks for operators and the absence of previous studies,
the following question arises: what is the ergonomic situation of
operators in the metal processing sector?

1.2 Objective

Identify the occupational risk factors considering the design of
body dimensions, the mechanical behavior of the human body and
devices of information to which the SME sector workers are
exposed in the metal-mechanics sector of Navojoa, Sonora.

1.2.1 Specific objectives.

e Apply a tool for the evaluation of the jobs in the metal
processing sector, using ergonomic checklist for the collection
of information.
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e Identify risk factors in common in the region of the metal
processing sector. Make a descriptive analysis of the local
situation in the metalworking sector, primarily to the
environment and work in which perform certain activities.

e  Make a descriptive analysis of the local situation in the metal
processing sector, primarily to the working environment in
which they operate certain activities.

e  To present the ergonomic problems associated with the use of
machine tools in the industry.

1.3 Justification

Accidents at work have shown a high degree of incidence in the
metal processing sector; hence the importance of evaluating the
conditions on workers to play their roles to identify ergonomic risk
factors that could be harmful to the health of workers.

To be able to detect the factors causing these accidents, it is
necessary to have a comprehensive checklist covering all points
that pose a risk to the operator.

Therefore, it was decided to apply the selected checklist in the
region South of Sonora, specifically in Navojoa.
By applying this checklist the following results are obtained:

e Timely detection of wrong designs in machines and
tools.
e Timely detection of bad placements in machines and
tools.
e  Timely detection of poor posture in the workplace.
e Quantification of the physical effort from the operator.
e  Verification of designs in controls and information
appliances.
Once obtained the results of the checklist we can act quickly or in
the way that is necessary to correct the detected risk factors and
obtain the following benefits:
e  Decrease greatly the risk of accidents.
e  Ensure the safety of operators.
e Increase the life of the machines used.
e Reduce economic costs for accidents at work, among
others.
1.4 Delimitation

The object of the research study is small and medium-sized
enterprises that operate in sector metal-mechanics of Navojoa,
Sonora. They will be to learn about the risk factors that originate in
the city but whose use can be extended to perform ergonomic
methods evaluation.

2. THEORY

2.1 Ergonomy

It is the applied science of multidisciplinary character which aims
the adaptation of products, systems and artificial environments to
the characteristics, limitations and needs of users, to optimize its
effectiveness, safety and comfort, according to [4].

2.2 Objetives of Ergonomy

Its objectives are to promote the adjustment reciprocal, constant
and systematic between man and the environment, design the labor

situation so that work is comfortable, easy and consistent with
minimum health and safety requirements, and raise levels of
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productivity, both in quantitative and in qualitative, according to

[5].
2.3 Ergonomic risk.

According toO [6], ergonomic risk is defined as: "the likelihood of
an unwanted and adverse event (accident or illness) at work and

conditioned by certain "ergonomic risk factors".
2.4 Ergonomic risk Factors

According to [7], ergonomic risk factors are a set of more or less
clearly defined attributes of task or the position that increases the
likelihood that a subject, exposed to them, develop a lesion in his
work.

The risk factors are:
1. Biomechanical factors, such as repetition, strength and posture:

e  Maintenance of forced positions of one or more members,
for example, arising from the use of tools with defective
design, requiring excessive deviations, rotating
movements, etc.

e Application of excessive force developed by small
muscle/tendon packages, for example, by the use of
gloves and tools that lead to restrictions on movements.

e Short and repetitive work cycles, systems of work
premium in string that require quick movements and with
a high frequency.

2. Psychosocial factors: monotonous work, lack of control over the
own task, bad social relations at work, arduousness perceived or
time pressure.

2.5 Metal-Mechanical Sector.

The sector of Metal - mechanical industries brings together all
industries whose activities relate to the transformation, lamination
or metal extrusion, and consists of 18 sections, which are
differentiated among themselves by the finished product
manufacturing, according to [8].

2.6 Human-machine system.

According to [5] the human-machine system conform man,
machine and the environment. The machine displays information to
the human operator which operates its controls to affect the
machine. The environment may interfere with the effectiveness of
the circuit.

2.7 Ergonomic checklist.

Ergonomic hazards checklist is a tool that aims to contribute to a
systematic application of ergonomic principles. It was developed
with the purpose of providing practical and inexpensive solutions to
ergonomic problems, particularly for the small and medium
enterprises. It aims to provide a useful and easy way to an
improvement of the working conditions for a greater and better
security, health and efficiency, according to [9].

2.8 Design of workplace.

Not all people are similar from the point of view of physical or
psychic. Not being susceptible of change, these characteristics will
be considered in the design of workplaces, which generally does not
occur and usually leads to the unsuitability of the person, due to the
discomfort of muscle, joint, brain, etc.
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When looking to determine how must be the controls and boards to
be used by the operator the question that should prevail above all
others is that they can be used quickly and accurately, according to

[4].
2.9 Work postures.

They are the positions adopted at work; they can be sitting or
standing. In sitting position chair should allow freedom of
movement, rotating with sufficient stability. And you must avoid
the standing work, being the most ideal alternate both positions [4].

2.10 Information appliances.

According to [10], an information device is any device that works
within a system, machine, installation or process and reports the
state or change in status of an element of the system. These
indicators can transmit visual information (luminous indications,
numerical, scalar) and hearing (beeps and oral information). When
designing a device's information, as well as an organ of control and
the corresponding drive, must be of the type of information that
has to receive, the levels of distinction and comparison, the
valuation of the information received, the importance of possible
errors and their consequences, the frequency and time of reaction,
the potential for interference, compatibility between person and
machine, the organizational system, the social and cultural
environment, etc.

2.11 Controls.

A control is a mean that helps us to interact with a machine. These
are eclements that are used to enter information and regulate the
operations of machines and equipment. Controls must be designed
and located in a panel in such a way that they can be activated
without musculoskeletal risks (postural, physical load, etc.)
according to [10].

2.12 Control switches or commands.

They are all those elements on which acts the operator to
communicate orders to an equipment, modify their operating
parameters, their modes of operation and control, or eventually to
receive information, according to [10].

3. METHODOLOGY.

The methodology of this research consisted in the application of an
instrument to gather information on the metal-mechanic sector
taking into account the aspects of design.

3.1 Materials.

e Instrument based on the norm UNE in 614 on
"machinery safety: ergonomic design principles".
Considers 44 items in the categories of design of body
dimensions, mechanical behavior and information
devices and controls.

e  Application guide.

e  Flex meter

3.2 Population.
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The population under study was determined by 19 companies in the
metal processing sector. Most commonly used industry machines
are mainly lathe, welding, grinding and milling machine. Of these,
4 are dedicated specifically to parts, welding only 9 and 6 to both
welding and lathe turning.

3.3 Procedure.

1. Application of ergonomic checklist tasks or jobs that are
carried out on the machine regularly, or which were
considered more problematic, taking into account just the
following two blocks:

Table 3. Table of blocks of the checklist
The design considering the body dimensions and the

mechanical behavior of the human body

I Body dimensions

I Postures and body movement

Physical effort

3. Design of information devices and controls

I 1nformation devices
I Controls

2. Collection of data for analysis and integrated into an Excel
database.

3. It was achieved a descriptive analysis of the current situation
of the sector and its interpretation.

4. RESULTS
From the data and information obtained from the situation of the
metal-mechanic sector the following results were obtained:

4.1 Overall results

In Figure 3 you can see the overall results for the sector. Once
evaluated two blocks, you can see that the group of aspects less
compliant is design considering the dimensions of the body and the
mechanical behavior of the human body with 62% of correct
answers, and followed another block design of device information
and controls with 74%. The percentage of compliance altogether
was 68% for the sector.

Overall percentages of accomplishment
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Figure 3. Overall percentages of accomplishment by
thematic blocks

4.2 Results by thematic block
Below are presented and discussed the results, detailed question by
question, of each one of the blocks; showing the percentage of

compliance with every aspect considered for the set of machines.

421 Design considering the body dimensions and the
mechanical behavior of the human body

In this block were evaluated aspects of body dimensions, posture
and body movements and physical effort, applying to those tasks
that are done on a regular basis.

4.2.1.1 Body dimensions

The companies under study presented in general good condition
with respect to the design of the machines as shown in Figure 3. It
was noted that in 89% of the machines used is at the required
height for the worker and for activity, similar to the space provided
for arms and feet is necessary with an 84% and 100% of correct
dimensions respectively where the worker is free to approaching
the machine unless the machine prevents the movements in the
limbs of the operator. As to the distance between the machine and
other elements of the environment it was obtained that 79% of the
machines is at the right distance and they allow the movement of
the operator without any problem, this is one of the characteristics
of body dimensions that can be improved since it has 21% of
machines with a distance distributed incorrectly.
The body dimensions have an 80.66% compliance average.

a. Body dimensions
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Figure 4. Body dimensions

4.2.1.2 Postures and body movement
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They were discussed all those postures and motions adopted during
the use of the equipment evaluating the different body segments.

It was noted that during the development of the activities of
the operators in the positions of head and neck and elbow had good
results with 73.68% and 94.73% respectively since have good
positions at the time of performing their work, and with 26.31% on
trunk and arms being the positions of greater risk for the operators
and may cause injuries musculoskeletal, as shown in Figure 5 with
the lowest percentage of compliance aspects are trunk, arms, wrist
and legs with 26.31%, 26.31% 47.36% and 31.57% respectively.
Postures and body movement have a 49.99% of average percentage
altogether.

b. Postures and corporal movements
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Figure 5. Postures and corporal movements

4.2.1.3. Physical effort

This block of physical effort physical effort was applied to all tasks
and/or works carried out on the equipment on a regular basis.
Results thrown by the assessment are shown in Figure 6, where we
can observe that in the task of lifting good results were obtained
since on average weights of loads do not exceed the maximum
weight recommended in the 89.47% of cases. Other factors that
have to do with physical exertion are, the height of manipulation
and the frequency with which they are conducted, in the 73.68% of
cases the height of manipulation was within acceptable limits
because not exceed 175 cm, as in the case of the lifting frequency
where in the 89.47% of evaluated did not have frequencies outside
of the normal. Only one of the cases shows that they were made
transportation of loads between two people, where the activity
exceeds the allowable limits (33 kg). In all cases the handling of
loads with one hand not overstepped the limits (15 kg), featured in
the 73.68% of cases it was noted that workers have technical
auxiliaries such as cranes and forklift trucks for handling of loads.
Transport of loads not arose in sitting posture. The manual transport
of loads during the working day does not exceed the permissible
limit in 100% of cases to be very sporadic uprisings or with few
repetitions. As regards the pushing or pulling of loads not applied in
4 cases and 15 cases applied was obtained that the worker needs to

perform an over-exertion in the 93.33% of cases. In the mechanical
auxiliary the 94.73% of cases did not have devices that can
improve and reduce the effort in certain operations of some
machines, such as for example, certain accessories, fasteners for
the piece of work, support chuck lathes and welding workshops, or
automated means such as automatic and robotic loading systems
and download. In the precision movements that require strength
didn't have the necessary conditions in the 68.42% of cases.

The physical exertion obtained a 62.25% of compliance on
average, where the pushing or pulling of loads and the mechanical
auxiliary means obtained a 6.66% and 5.26%.
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Figure 6. Physical effort

422 Design of information appliances and controls.

In this block were evaluated aspects of compliance in information
and control devices from the normal working position.

4.2.2.1 Information appliances

The design of information appliances evaluated that the devices
were easy to detect and identify being the 63.15% of patients who
met. The 78.94% of machines controls were appropriate and
enabled clearly interpret the information. In the majority of cases
the visual information appliances conform to stereotypes of
working and the rhythm is compatible in a 73.68%.
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In all cases the machines did not have sound devices. It was
obtained that the worker has the necessary information provided by
the controls of the machine with 94.44%. Higher priority or
frequency controls are placed based on their use in a 63.15%.

In the evaluation of information appliances was obtained an average
compliance of 70.56%, the percentage of compliance with most
corresponds to the provision of the necessary information (94.44%).
In 50% of cases has considered that there is a need for some
additional information device to perform the task.

In regards to information of the analyzed machines devices, on
issues relating to sound devices not been considered not to be any
case.

d. Information appliances
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35, Need for information device

Figure 7. Information appliances

4.2.2.2. Controls

In the most of the visited companies evaluated machines are older
models so you do not comply with the regulations in force, in them
it was verified that evaluated teams drive types were adequate for
the type of action to perform where only the 36.84% met the
characteristics of the controls as shown in Figure 8.

It was found that the controls were easy to identify according
to their function where most of them met the 94.73% of the time.
The displacement of the controls was correct in the 94.73% of cases
and the 84.21% of cases the often used commands are available
within the immediate reach of the operator. In general not all
machines of the visited companies had emergency stop, being 36%
who did not have it.
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Figure 8. Information appliances

4.2.3 Main ergonomic problems detected in the study.

Percentages with a lower compliance are given in auxiliary
mechanical means (5.26%) and in the pushing or pulling of loads
(6.66%). Then still you risk in MMC (15.78%), the acceptable
positions of trunk and arms (26.31%), precision movements
(31.57%), equipment handles (32%) and types of control (36.84%).
The rest is between 40% and 50% compliance, the largest of them
being the need of information appliances (50%).

In Figure 9 are presented aspects of the guide which have
obtained a lower percentage of compliance (less than 50%).
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Aspects with a lower percentage of
compliance
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Figure 9. Aspects with a lower percentage of compliance

5. CONCLUSIONS

Given the results, was that in the small and medium enterprise
sector mechanic is as follows: bodily dimensions met with up to
84% in the measured variables, in postures and body movement, 4
of the variables evaluated, trunk, arms, wrist and legs were below
50% compliance being these positions of increased risk to the
worker; in physical exertion, only 36.8% of the controls of
machines are suitable for the task to perform, it is also important to
note that the majority of workers do not use personal protective
equipment. It is important to highlight that the highest
concentration of risk in the sector is located in postures and body
movement, with this study it is concluded that 50% of the
employees of the engineering sector are at risk in this aspect, which
can derive occupational diseases and affect the productivity of the
metal processing sector. Having direct contact with the machines
could be considered that the main cause why are accidents or
incidents in the enterprises metalworking is mainly due to the
design to be able to easily reach all controls without forcing the
posture and that they can work standing and sitting without the need
for adjustments, also machines must be operated by personnel
trained and prepared for this and they must operate with personal
protective equipment necessary.

6. RECOMENDATIONS

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

It is recommended to improve those aspects that were with high
percentage of non-compliance. Redesign workplaces so that the
trunk, arms, wrists and legs of the operators to take a better
position on their workstation and can meet the variable. In addition
to equitably distribute operators work for not only overload the
more skilled workers, as well as having a proper storage of parts
work, machinery, tools, accessories, work to be carried out.
Another recommendation is that staff use personal protective
equipment whenever it is working, which must be provided by the
employer. Making these changes will enable to decrease the risks
of work, the number of accidents and injuries caused by poor
posture and excessive workload without having the necessary
conditions of operation.

It is recommended to companies in this sector, an assessment
for broader aspects with more failure, through the application of
ergonomic methods of evaluation results. So in this way meet the
shortcomings or needs identified in this study more effectively.
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Resumen

En México existen instituciones de educacion basica para nifios con
algin tipo de discapacidad, denominadas Centros de Atencion
Multiple (CAM). Una de las aulas con mayor diversidad de
usuarios es la de usos multiples, en esta confluyen nifios entre los
tres y ocho afios de edad y adultos. La discapacidad mas frecuente
entre los nifios es el sindrome de Down y el trastorno del espectro
autista, asi como la tetraplejia e hipoacusia en menor medida.

Mediante esta investigacion se propone mejorar la
accesibilidad y seguridad de los usuarios que utilizan el aula de
usos multiples utilizando criterios de diseflo inclusivo. Para esto se
llevo a cabo una entrevista semiestructurada ademas de una serie de
visitas programadas para recabar la informacion.

Con la informacion obtenida se determinaron los
materiales y equipos adecuados al perfil de usuario y a las
actividades que estos realizan. Se propuso reubicar el mobiliario,
pintar las paredes para crear un ambiente de tranquilidad hasta una
altura de 120 cm y neutro para los adultos después de esta altura.
Asimismo se sugiri6 la instalacion de escaleras para estimulacion
temprana, columpios y la instalacion de un piso laminado.

Este proyecto se esta realizando por etapas, iniciando con
la intervencion de las paredes y techo, y después con la instalacion
de aparatos para el apoyo de actividades. Cada etapa sera evaluada
durante su desarrollo y una vez concluida.

Palabras clave— Discapacidad multiple, disefio inclusivo.

Abstract

In Mexico there are institutions of basic education for children with
disabilities, called Multiple Care Centres (CAM). One of the most
diverse of users is multipurpose classroom, in this confluence
children between three and eight years of age and adults. The most
common disability among children is Down syndrome and autism
spectrum disorder, quadriplegia and hearing loss lesser extent.

The aim of this research is to improve the accessibility and
safety of people who use multipurpose classroom through inclusive
design criteria. For this we conducted series of scheduled visits to
gather information and a semi-structured interview with the
principal users.

With the information obtained materials and equipment
suitable for the user profile and the activities that they perform was
determined. It was proposed to relocate the furniture, paint the
walls to create an atmosphere of tranquility to a height of 120 cm
and neutral for adults after this point. Installation of stairs to early
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stimulation, swings and installing a laminate floor is also
suggested.

This project is being implemented in stages, starting with the
intervention of the walls and ceiling, and after the installation of
apparatus for supporting activities. Each stage will be evaluated
during development and after completion.

Keywords— Inclusive design, multiple disabilities.

Contribution to ergonomics: The use of design methods for
adapting and improving the H-O-E system can be of great
importance when designing or redesigning spaces for people with
very specific characteristics.

Also, the ergonomic tools help understand user interaction
with their environment. As such cases, can contribute to the
improvement and / or development of these tools.

1. INTRODUCTION

The ergonomic design is a specialty that exists within
ergonomics that aims to create products with ergonomic criteria.
The method to realize an ergonomic criteria product is divided into
different phases. First you must know the three components of
man-object-environment system; ie, the user's physical and
cognitive characteristics, and their limitations and capabilities; and
object properties and the environment, while the interaction of the
human being observed with the object.

Once done the analysis of the system, start giving parameters
that result in three types of adaptations or adjustments: a)
Biological: Psychological anthropometric, anatomical,
physiological and biomechanical relating to user actions, b)
perceptual and mental, ¢) psychosocial: customs, values and habits.

So that ergonomics seeks to develop an accessible
environment that allows users according to their characteristics,
conduct their activities with efficiency, effectiveness, satisfaction
and safety. Within this context, there is a branch of design that
pursues this objective and which tries to apply on products or
services.

Inclusive design is defined by The British Standards Institute
[1] as "The design of products and / or main services that are
accessible and usable by as many people as reasonably possible...
without the need for adaptation or specialized design..." its overall
aim is to simplify completion of daily tasks by building products,

it

Figura 1. Proposed location of colors.
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services and environments that facilitate the use for everyone,
regardless of age, gender or characteristics.

In Mexico, there are schools that provide basic education for
students with special educational needs, with or without disabilities.
These are called Multiple Assistance Center (CAM). In these
centers, the population includes children with disabilities and
adults, for this reason it is necessary that the spaces are suitable for
the specific characteristics of most users.

This research was conducted in the CAM located in the
municipality of Guadalajara, Jalisco. Multipurpose classroom due
to the diversity of users and activities that take place there, being an
important application of ergonomic criteria chosen challenge.

2. OBJECTIVES

Propose adjustments to improve accessibility and safety of all users
considering its capabilities and limitations in addition to the
activities performed in the classroom multipurpose.

3. DELIMITATION

CAM population are adults and children with multiple disabilities;
in the latter, autism spectrum disorder (ASD) and Down syndrome
(DS) are the most common. There are also people with quadriplegia
and others with some degree of hearing loss. Their age ranges
between 3 and 8 years old.

The adult population is made up of teachers, parents and
administrators. All share the facilities of the center of multiple
attention, which is an administrative area, a central courtyard, six
classrooms, a computer room, a classroom for multiple uses, a
games room and a classroom for early stimulation. In addition to
green and recreational areas.

For this project multipurpose classroom was chosen. The
activities carried out in this classroom are: (a) the delivery of
physical education, (b) academic and administrative boards or (c)
recreational activities for parents.

4. METHOD

The information was obtained from the CAM, was through
scheduled visits. The first was to obtain an overview of multiple
care center; for this, we were given a tour of the facilities. At the
same time, we saw the people and their activities during the
workday. This visit took place on the morning shift, which begins at
9:00 AM and ends at 13:00 PM.

During the visit we were allowed to be in the classroom
for ten minutes in three different rooms, and during recess time
students, which is about 15 minutes. To seek information at this
stage, the observational method was used.

For the next visit, they conducted a semi-structured
interview with the manager multipurpose classroom. This interview
was recorded -prior been authorized, through a mobile phone.

A Sony Cyber-shot DSC W190 with 12.1 mega pixels
was also used for the photographic survey of the classroom. On the
other hand, a measuring tape of 20m was used to carry out the
architectural survey, plus the CAD software, AutoCad LT 2013
English version.

Furthermore the method of brainstorming for identification
and analysis tasks are performed in the classroom multipurpose was
used. The following information is organized in a hierarchy
flowcharts each of the tasks and required materials.

At this stage four design criteria set by [2], based on with
ASD in school environments, which by their nature also favor
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stimulation in children with DS were considered. Besides the
Collage was used as a design method for characterization of space,
using the colors proposed by [3] in the design of spaces for school
education for children.

After the stage of conceptualization, architectural plans with
the proposed improvements where concepts and requirements
applied previously obtained were developed. At the same time, he
used local suppliers for the cost of each of the proposed materials.

5. RESULTS

With respect to information collected in the interview and
observation, materials and equipment suitable user profile and the
activities performed in the classroom multipurpose to be
determined. Just as health and safety requirements.

Through this proposed reorganization of space was achieved
by relocating the furniture used for boards. To create a neutral
environment for relaxation for adults and children with multiple
disabilities, it was proposed to use the colors pink coral tone and
salmon; peach; pastel green and olive; at a maximum height of 120
cm from the floor to provide tranquility in children [3]. To the
other part of the wall was proposed to be neutral gray, besides
being in the range of vision of adults.
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Figura 2. Top view multipurpose classroom with the
implementation of proposals.

Pagina 12



Ergonomia Ocupacional. Investigaciones y Soluciones. Vol 8 | 2015

Moreover, it was suggested by change blackboards board
paint and coating the exposed foam construction. It was also
proposed to change the glass windows by plastic (polycarbonate).
All this with the intention to allow safe and free-form interaction
[2].

To support the activities, installation of stairs early

stimulation on both sides of the classroom was proposed; swings
assembly and installation of a special laminate floor, for the
protection of children and adult activities. Furthermore, the
implementation of colored lines on the floor, provides a definition
of space, which helps children in their stimulation.
With this proposal we were able to adapt the multi-purpose
classroom CAM capabilities and limitations of most users. Better
spatial distribution was also performed and the possible
combinations of materials and inputs that contribute to the
stimulation of children were proposed.

6. CONCLUSIONS

Using the criteria of inclusive design the proposed redesign of a
multipurpose classroom for Multiple Assistance Center (CAM) was
performed. One of the major constraints to carry out our proposal
are the financial resources.

Because this type of schools in the public sector, resources
are limited and in many cases depend on the contributions or
donations from private institutions to keep their facilities in the best
possible conditions.

Despite this, the provision of administrative authorities is full,
and it was agreed that this proposal be developed in stages, starting
with the intervention of the walls and ceiling. Then continue with
the installation of equipment to support activities such as ladders
and swings and finally installing the floor and windows.

Furthermore it is intended that these adaptations are evaluated
in each of the stages of development; and also once all have been
completed.
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Resumen

Al igual que muchos objetos, la conceptualizacion de un
salon de clases depende de multiples variables, las cuales en
gran medida determinaran si la educacion ahi impartida sera
selectiva y de calidad, o bien, masiva y con fines de lucro.
En tal sentido, esta investigacion ha buscado hacer evidente
cuales son los factores ergondémicos mas importantes a
considerar durante el disefio de una aula escolar, lo que
permite ofrecer a instituciones de educacion tanto publicas
como privadas, elementos que les ayuden en el analisis de la
situacion en que se encuentran sus espacios de trabajo
docente, y de requerirse, llevar a cabo los cambios
necesarios para brindar un bienestar fisico, mental y social
completo, a cada uno de los integrantes de su comunidad, tal
y como lo establece la Organizacion Mundial de la Salud.

Ahora bien, para alcanzar el objetivo, inicialmente se
realizd una investigacion de tipo documental, abordando
tematicas relativas a la psicologia y sociologia de las
organizaciones educativas, el trabajo docente, la ergonomia
y los espacios de trabajo y, las funciones de la forma.
Posteriormente, mediante una investigacion descriptiva se
establecieron los elementos preponderantes a considerar en
el disefio de una aula escolar.

Palabras clave— Aula escolar, Disefio, Ergonomia.

Abstract

Like many objects, the conceptualization of a classroom
depends on many variables, which largely determine
whether the education provided there will be selective,
quality, or massive and for profit. In this sense, this research
has sought to make clear what the most important
ergonomic factors to consider when designing a classroom
are allowing institutions offer both public and private
education, elements that help them in the analysis of the
situation in their areas of teaching work, and if required, to
carry out the changes necessary to provide a complete
physical, mental and social wellbeing, are each members of
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their community, as established by the World Health
Organization.

However, to achieve the objective, originally a
documentary research was conducted, addressing topics
related to psychology and sociology of educational
organizations, teachers, ergonomics and work spaces and
functions of the form. Subsequently, by a descriptive
research the prevailing elements to consider in designing a
classroom were established.

Keywords— Design, Ergonomics, School Classroom.

1. INTRODUCTION

In a basic concept, the school is conceived as a place where
teachers and students interact, which organized education is
provided, intentionally and seeks to meet certain
educational, social and inclusive instructional functions.

As if it were an umbrella, the term school ranges from
formal education institutions to an academy where he gets to
teach driving cars, from preschool to university. In other
words, the school is understood as an organization pursuing
acting on a group of people who are admitted temporarily
for that purpose.

However, to reach comply with each of the functions,
it is essential that the school has a certain space, which is
identified by most people as school building, space likewise
must meet certain requirements.

2. REQUIREMENTS IN THE DESIGN OF A SCHOOL
BUILDING

The construction of school buildings and their design
depends on many factors, one side are the economic, social,
educational and political situational variables; on the other,
is the motivation or interest to be attained; situation that
reveals the great weight that is responsible in making design
decisions and building it. Situation can determine whether
education is selective and quality, or, massive and for
profit.[1]

Deepening, the economic variables derived from
public or private policies, compared to the magnitude of the
resources allocated will depend on the situation or
geographic location of the area as well as the size and
quality of construction.

Moreover, social variables will determine the demand
for education, the number of students that will house and
ages of these, as well as the fact continue operating or
having to disappear.

With regard to the pedagogical variables, they and
teaching models start an educational project that aims to
develop. However, in most cases, it appears that the design
of school these aspects are not relevant, because usually they
usually pay resume models already existing construction,
which ultimately affects the initial unconsciously condition
pedagogical.
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Regard to situational variables, they are determined
primarily by the type of area, call rural, urban or suburban,
and weather conditions, these turn out to be an important
element in the planning or design.

In addition to the above variables, operates five
components, of which the first is derived from the
objectives, the purpose lies in guiding the activity in relation
to their rationale, also set to resume, which includes the
mission, educational project and curricula.

Secondly resources that relate to the heritage of the
school is located, speak clearly of administrative staff,
teachers, students, parents and counselors, omitting to both
teaching materials and educational.

The structure as a third element, which is solely the
device that assigns roles and functions, in other words, is to
speak of the governing bodies, teams of teachers,
departments and individual charges.

Next item is technology, where machinery or
equipment used in the teaching process, and includes also all
those actors that allow the planning, execution and control of
operational processes.

Culture is finally integrating it to the set of meanings,
principles and values shared by members of the
organization.

While it is clear that the construction of the school is
the result of the interaction of variables and components at a
given time, it is necessary to say that such situations are not
permanent, since the objectives vary from one
administration to another.

2.1 The classroom and their characteristics

Derived from the above, during the process of designing a
school building is important to consider those spaces for
providing a service, the living areas and work areas.
Pointing out within services are the library, the dining room
and health essentially; in areas, playgrounds and sports
recreation areas; and finally, in the areas are laboratories,
multipurpose rooms and classrooms.

In relation to this last area, the classroom is
conceptualized as the space where they carry out the
activities of teaching and learning, and where the teacher
interacts primarily binomial - student. Unfortunately, -as
was mentioned- in most buildings, this space does not meet
the necessary educational expectations, which prevents
developing various activities and essential teaching
situations

However, as the components described above, there
are five key factors to keep in mind during the design of a
classroom.

1. The age of the students and teachers, as this
condition affects the space under the premise that...
"The older - less space” as it may seem
contradictory, with increasing age, the space works
towards specialization, in other words, it requires
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certain elements compared to the pre-school level,
where everyone coexists within.

2. Functionality, where based on the characteristics of
exposure and interaction, the teaching - learning
will be enriched, allowing perform various
dynamics that will strengthen not only the students,
but will at once give you a more personal space
Professor. Regarding this point, it is advisable to
allocate to 1.00m? to 1.50m? per person.

3. The aesthetics and order, because by its
implementation may generate a pleasant space. Is
pertinent to mention that, in terms of this section,
submit color spaces including furniture, plays a
major role, since this element -the color-, being
further a distal sign, has the quality of awakening or
stimulate some of man's senses distance. [2]

4. The methodological requirements, a factor which
likewise offers a glimpse of the ways how will the
distribution of classroom space, because it manages
to demonstrate irrefutably what curriculum
processes and how it will be run. At the same time,
this point relates to safety and hygiene, since
together will achieve an enabling work
environment; scenery seen from ergonomics seeks
to raise productivity indexes both quantitatively and
qualitatively.

2.2 Classroom climate

While it appears to have lagged behind those typical cold
seventeenth century schools where education was subject
only to certain social sectors and gender, where what reigned
as the assimilation policy was knowledge without
considering the student, it is amazing to find in the currently
schools with features of this traditionalist school. Despite all
this, it has begun to be worked what is known as a smart
school, looking for an improvement in teaching and
learning, as well as having primary goal retention,
understanding and use of knowledge. [3]

Just over 20 years of studying the so-called
institutional climate. In this context, it is an aspect that has
enduring features, which likewise he is named as
"personality is to the individual, what the weather is for the
organization”. [4]

It is known that the pair of any organization, schools
also have a climate. In this space, such a climate is directly
influenced by the characteristics and behavior of both
teachers and students and their interaction as well as
ecological factors, whether they be physical and
geographical.

Various researches have been done on this field, and
the results show a direct relationship with the classroom
atmosphere and variables such as satisfaction, attitude,
performance, motivation and their counterparts.
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From all this, it has been possible to establish that: the
classroom is one of the most important places of personal
and academic development of human beings, because each
classroom has very different atmospheres or environments,
having a significant influence on the development of the
individual.

The importance of addressing and meeting the
classroom atmosphere, lies in understanding and recognizing
the types of influence that are generated, so that the teacher
can understand each and how they affect learning and
participation students.

A simple way to understand this point and developed is
indeed identify you as a unique and lively personality, which
surrounds people and has the ability to modify their behavior
and functions.

Returning to the opening paragraph of this section, the
goal in the teaching - learning only be achieved if a work
climate if not excellent, good or at least nice there, then it
must be perceived as the context in which education,
personal relationships and stimulation are not influenced.
And therefore, be reason to continue in the classroom. In
relation to this, one must not forget that everyone is
motivated in two ways: intrinsically, when biased by nature
and extrinsically to be an external stimulus, causing him,
any reaction.

2.3 Ergonomics in the classroom

Being in a state of physical, mental and social well-being
full is what the WHO has defined as "health", ignoring the
concept of "the absence of injury or illness". So needless to
emphasize the importance of achieving a balance of these
dimensions in any context.

However, to achieve this balance has been ergonomics,
who by having a multidisciplinary aims adequacy of
products, systems and environments to the characteristics,
constraints and needs of its users in order to optimize their
efficacy, safety and comfort.

Concerning ergonomics, this discipline emerged in
Germany in 1950. Derived from the Greek épyov (ergon,
"work") and vouog (nomos, "law"), the term denotes the
science of work. Oriented systematically to all aspects of
human activity and machines. For its part, the Council of the
International Ergonomics Association (IEA), responsible for
grouping all worldwide scientific societies, established since
2000 that the Ergonomics (or human factors) "is the
scientific discipline relevant to the understanding of
interactions between humans and the elements of a system,
and is the profession that applies theory, principles, data
and design methods to optimize human well-being and the
whole system performance”.

Today, ergonomics is a combination of physiology,
anatomy and medicine in the first instance physiology and
experimental psychology and other physical and energy as
one more. Which together provide information about body
structures, capacities and physical limitations, its
dimensions, it can withstand pressure, brain function and
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nervous system, and motor processes and the environment to
confront.

It is noteworthy that this discipline within their
domains has discovered that vision is the most widely
overworked, why has set the color to submit workspaces,
acquires great value to give man the distinction of different
areas, as well as influence your mood. [5]

With regard to schools and classrooms mainly,
ergonomics has undertaken to establish appropriate
integration in the environment to improve comfort and
performance. Thus, under this premise, during the design of
a classroom, will be crucial that the factors involved in the
global concept of environmental comfort in the workplace
are within their limits. In other words, ventilation, lighting,
temperature, noise and furniture must be optimal in those
spaces for sedentary activities.

Regarding the first factor concerning the comfort, must
be the vital metabolism of people requires a certain oxygen
consumption varied depending on items such as size, gender,
type of activity or the duration thereof, which requires a
minimum air exchange environments inhabited. In the case
of a classroom to provide proper ventilation, it must be
direct outside. So, during the design space, must be made to
allow opening windows easily, and whose dimension of the
vent enables air renewal properly. Ensuring, that the
minimum flow rate corresponding to normal cases,
occupants with light activity (1.2 m), ventilation is between
7.1L/s per person and 12.5L/s per person.

On the other hand, in relation to lighting, only it may
consider appropriate to that light emission that regardless to
come from a natural or artificial source is sufficient for the
surface area and the task, in addition not cause glare and
high contrasts. Therefore, the classroom lighting is relevant,
since proper lighting rise to improved performance and well-
being both students and the teacher. It is noteworthy that
preferentially must result from a natural source, and in those
cases where artificial origin, the intensity will be between
400 and 1000 lux; Now that use fluorescent lamps, mounting
them must be parallel, avoiding generate visual fatigue,
physical and mental stress as well as the decrease in motor
activity and strength. Important is to consider that, during
the election of certain characteristics of the spaces should be
considered in all highly polished surface can reflect up to
90% of home energy, while in those opaque surfaces, only
10% will reflect the lighting.

As to the third factor, an ideal temperature for
classrooms should be maintained between 17°C and 20°C,
since not control him properly, will affect the body
temperature of the inhabitants, reducing them motor,
cognitive performance, and comfort. Concerning the issue,
we must remember that the temperature in the human body
must be kept in the narrow range of 36.1°C to 37.2°C, a
range that reflects the core body temperature, and not to the
surface of the skin. And that thermal equilibrium of the body
is maintained by a system of complex self-regulation, which
is controlled by the hypothalamus, an area located in the
brain. Thus, when the body needs to lose heat, this area
causes blood vessels to dilate, and the sweat glands produce
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a cold sweat, the breathing rate increases and simultaneously
reduce the rate of body metabolism.

However, in some cases this system of self-regulation
is to be unsuitable, with the result that the body temperature
is changed; in the case of rising clinically adopts the name
hyperthermia (over 42°C), and can produce from stress, loss
of consciousness, general weakness, confusion or collapse
reaches death; while the down is called hypothermia (35°C
or less), capable of producing chills, a marked and
uncontrollable trembling body, to a muscular rigidity, and
likewise death.

As for the noise factor, it plays a key role in schools
and classroom, since derived from a high noise pollution,
whether they be internal causes are as conversations,
shouting, moving furniture, or, external causes may be
impaired  concentration and  consequently, school
performance, and produce stress and aggression. Therefore,
just as it will be very important during the design of
classroom consider implementing double windows, isolate
areas of sports and cultural coexistence. Seeking thereby the
limits of noise does not exceed 40 decibels.

Finally, when establishing what will be the type of
furniture is essential to think that students remain seated
more than 80% of the time, so that both chairs, tables or
desks must have the optimal dimensions for body structure
dwellers. In other words, each of the furniture should ensure
an adequate level of comfort, yet allow correct postures
adopted during the development of homework.

3. CONCLUSIONS

With everything so far exposed is possible to have an
overview about which implies the design of a school
building and the importance of generating each space
according to predetermined guidelines. However, despite all
the intentions that may exist to improve processes, where
students and teachers turn out to be important, is from the
so-called climate, which depend largely the result of its
quality, efficiency and effectiveness. Especially, if it is
possible to understand those factors around comfort and
color spaces are able to arouse different feelings, same as
have the ability to change the mood of the inhabitants.

Situation at a given time can be a starting point to
question and analyze thoroughly the conditions in which
they operate each and every one of the country's educational
spaces.

In this regard, just take a tour of those classrooms
where the eye is observed that educational institutions do not
pay much attention to the aspect of ergonomics, since the
capacity of students per square meter has been exceeded,
preventing proper circulation teacher, student and air.

Therefore, it is necessary to start working ergonomics
into a classroom with a view to preventing damage to health,
damage capable of being harmful to the mental and social
balance of individuals, same as to materialize develop
somatic ailments or psychosomatic. That is, imperative is to
seek to improve the comfort of teachers and students, and
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consequently a reduction in both mental workload, improved
job satisfaction of teachers and contribute to the learning and
performance in students.
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RESUMEN

Afortunadamente la gran mayoria de las personas que pierden
totalmente la vision salen adelante una vez superado el shock
emocional. Si se aprenden las técnicas alternativas de
rehabilitacion, es posible tener una buena calidad de vida tanto en
el caso de la baja vision, como en el de la ceguera. Los sujetos que
aprovechan al maximo los instrumentos de rehabilitacion y
preservan su propia movilidad y ocupacion son los menos
deprimidos y con el nivel de integracion social mas alto. El baston
supone para el ciego una prolongacion de su cuerpo. Esta
herramienta tactil, fabricada con fibras sintéticas, guia los pasos del
invidente, haciéndole notar sobre qué tipo de superficie esta
caminando y proporcionandole asimismo informacion acerca de su
ubicacion. Sin embargo debido al disefio del baston y su forma este
no es apropiado para el uso prolongado, la forma del baston obliga
a la persona a forzar la muifieca situacion que afecta a
aproximadamente 39 millones de personas en el mundo (Segin la
OMS).El objetivo de nuestro proyecto es crear un baston
ergondmico como apoyo para personas con deficiencia visual, el
cual, mediante un sensor ultrasonico detecte a cuantos pasos se
encuentra un obstaculo comunicandole al usuario la distancia en
Lenguaje Braille.

Palabras clave: Ergonomia, Discapacidad visual, Baston.
ABSTRACT

Fortunately the vast majority of people who lose vision completely
get ahead they overcome the emotional shock. If alternative
rehabilitation techniques are learned, it is possible to have a good
quality of life both in the case of low vision, as in blindness. The
subjects that leverage instruments rehabilitation and preserve their
own mobility and occupation are less depressed and with the
highest level of social integration.The cane supposed to the blind is
an extension of their body. This tactile tool made from synthetic
fibers, blind guide steps, making notes on what type of surface you
are walking and also providing information about its location.
However due to the design of the stick and the way this is not
suitable for prolonged use, the form of the stick force a person to
force the wrist situation that affects approximately 39 million
people in the world (according to OMS). The aim of our project is
to create an ergonomic cane as support for people with visual
impairment, which, by an ultrasonic sensor detects an obstacle a
few steps ahead and informs the user the distance in Braille
language.

Keywords: Ergonomics, Discapacitat Visual, walking stick.
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1 INTRODUCTION

The development of technology to detect obstacles at a distance, by
electronic systems or programmed sensors, was an idea that seemed
drawn from science fiction, until recently, thanks to advances in
technology this is possible with many electronics applications it has
become part of our lives. To get around independently, the blind
have two options: use a cane with which to test the ground and
obstacles, or accompanied by a guide dog to do their guiding.
Thinking about these people decided to start this project which
consists of a stick which has the function of a normal cane and the
guide dog which is to protect and guide his master. This staff has
the following features; an appropriate staff person for all types of
adapting to it and not the person to stick, ie; ideal for any blind
person who wants to use an ergonomic cane, the cane contains
sensors which detect an object at a distance to alert when the user
approaches an obstacle, a normal stick sometimes fails because the
efficiency of its use depends hundred percent of the blind person,
the idea is that our staff besides alerts the user to a nearby obstacle,
this can feel safe to move freely in a given area, because the stick
will indicate through braille numbers in an electronic device placed
so that using the index finger the person can know how far away an
obstacle is. Also this way avoids the person for a wrist injury.

2 OBJECTIVES

Create an ergonomic cane as support for people with visual
impairment, which, by an ultrasonic sensor detects a few steps is an
obstacle informing the user of the distance Language Braille and
thus avoiding therefore the person with visual impairment damage
wrist using it as a tool for better mobility and displacement.

3 DELIMITATION

This product is aimed at people with total blindness, due to the
length of the walking stick it can be used by people ages 15 years
or suit the individual according to his size.

4 FRAME OF REFERENCE
4.1 visual impairment

For OMS disability is "any restriction or lack (resulting from an
impairment) of ability to perform an activity in the same form or
degree that is considered normal for a human being .

It refers to complex and integrated activities expected of persons a
body as a whole , such as those represented by tasks, skills and
behaviors.

4.2 Visual impairment in terms of psychology

The Association of Visual Impairment Catalunya says that the first
reaction after disclosure of disability occur is a state of
disorientation and blurred vision in which the person feels
disoriented , helpless and lost.

After a loss occurs, as is any disability, the person is depressed.

It is a natural reaction and can not be ignored or skipped. In the
process of adapting the displacement with the walking stick
requires intense training, but offers a great personal autonomy.

4.3 Statistics of People with Visual Impairment
According to the INEGI the second disabilities in the country is the
Visual, the first is the driving. (motriz)

In 2010 there were 112 336 538 inhabitants in Mexico of which
4,527,784 are disabled and 1,292,201 are visual type .
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Some 1.4 million children under 15 suffer from irreversible
blindness. Also according to the WHO in a study conducted in
2012 there are 285 million people with visual disabilities of which
39 million are blind and 246 million have low vision.

About 65 % of people with disabilities are older than 50 years.

4.4 Correct Posture blind with management staff

.Andujar and Santonja (1996) define the correct posture as "any
one that does not overload the column or any other element of
locomotor" harmonic position as "the closest to the correct posture
position that each person can get, according to their individual
possibilities in every moment and stage of life. "In this sense,
Santonja (1996) states that "measures of postural hygiene are not
only tips on furniture, but consist of an internalization of the
attitudes of the individual to life. It is the posturing unforced,
comfortable which do not report musculoskeletal pain for our body.
It is not maintaining a single position but is a dynamic and broader
concept ".

4.5 Analysis of Proprioceptive sensations

Cecilia Flores in his Ergonomics Book for Design says that besides
having the same needs that people presumably normal, disabled
also have their own deficiency needs. As if this were not enough,
they have to redouble efforts to adapt to the world of "normal"
people, and wander through our public spaces with wheelchairs,
crutches or canes; blind people have to travel on sidewalks
saturated stalls, posts or phone booths that endanger their safety.

4.6 Visual Analysis System

According to Cecilia Flores in her Ergonomics Design Book for the
visual system is the most sophisticated and developed sensory
organs, and the most used.

We live in a world designed for seers. Using the view is quite
comfortable and easy to abuse it because the movements and eye
makes adjustments are automatic and unconscious, except for cases
of people suffering from visual abnormalities and have to remedy
their problem squinting or using special lenses to compensate.

4.7 Analysis of Language Braille

Braille is a system of reading and writing developed for people
with the disease of blindness. This system of writing and reading
was created by Louise Braille. The Braille is used for different
purposes and in different products as well as foodstuffs (milk
cartons, butter, etc.) to give directions or instructions (elevators),
media (cell phones, computers). Gradually people have increased
the incorporation of Braille into everyday objects with which we
give more accessibility to the blind to the real world. (Kitzing,
2011)

4.8 Cane for the Blind

The cane supposed to blind an extension of your body. This tactile
tool made from synthetic fibers, blind guide steps, making notes on
what type of surface you are walking and also providing
information about its location. The pointer contact with the ground
vibrations refers blind, that are more intense the harder is the
surface on which it is located.

4.9 Carpal tunnel syndrome
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Carpal tunnel syndrome (CTS) is a condition in which the median
nerve, one of the two main nerves of the hand, is compressed at the
wrist, which causes pain in the hand, wrist and sometimes on the
arm and numbness and tingling especially in the thumb, index and
middle fingers. In severe cases it can also be seen as weakness in
the muscles of the thumb which. Affects approximately three
percent of the population.

4.10 Application of Ergonomics for Design

As Cecilia Flores says in her book Ergonomics for design (2001) "
If we have to design objects that have instructions we can choose
the type of language that can be written , graphic or visual or
hearing for good ergonomic relationship signals. "

This means that design must not be bound by the standard type of
visual signals, or specific language, you can reach a much wider
audience covering other equally valid signals.

4 METHODOLOGY

Ergonomic design walking stick helps the person using it is not
damaged in his column or on your wrist (Appendix Figure 6). The
device is made with an electronic controller (Arduino)
programmable to allow interpreting the signals emitted by an
ultrasonic sensor to tell the user how many steps is your next
hurdle. The information provided by the controller is distance
between the sensor and the obstacle; this distance will be displayed
via a Braille device and information representing the numbers 0 to
9.

Components:

Ultrasonic Sensor (Appendix Figure 1): It gives the time it takes for
sound to travel the distance of the sensor and the object that
bounces the signal. This time the distance is calculated.
Programmable controller Arduino (Appendix Figure 2): controller
inputs and outputs handled with C ++ language.

Electromagnetic device (Appendix Figure 3) is used to represent
numbers from 0 to 9 in Braille.

Trigger switch (Appendix Figure 4): Pressing it starts shooting for
a measurement.

Braille (Appendix Figure 5): Use the Braille numbers person can
meet few steps away is the next obstacle.

5 RESULTS

All cane ergonomically is designed to support the blind, facilitating
their movement in the environment in which they develop giving
the Individual Safety and Auto dependency, also contributing to
improving their self-esteem; due to ergonomic design and avoid
injury to the wrist and spine (Appendix Figure 7).

6 CONCLUSIONS

People with blindness or low vision usually have trouble
functioning handled outside of known environments. In fact,
physical movement is one of the biggest challenges for blind
people. Traveling or just walking down a crowded street can
generate great difficulties. For this reason, many people with low
vision walk with a friend or relative to help them conduct
themselves in unfamiliar environments. Likewise, blind people
must learn all the details of your home. The major obstacles like
furniture must remain in place to prevent injuries. If a blind person
lives with others, each household member must keep aisles clear of
obstacles and all objects must remain in place. That is why we
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designed this walking stick that facilitates the individual movement
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Resumen

En este documento se presentan los avances de la investigacion en
la que se vinculan el Disefio Industrial y la Ergonomia para aplicar
conocimientos y experiencia obtenidos en ambos ambitos para
analizar las posturas adoptadas por artesanos que trabajan el bambu
para producir muebles en la localidad de Monte Blanco, Veracruz,
México.

En la primera parte se definen los conceptos de ergonomia
aplicables al proyecto, considerando el entorno, datos demograficos
y econdmicos de la poblacion objeto de estudio. En la segunda
parte, se presenta un acercamiento al analisis y evaluacion postural
de los artesanos que trabajan en talleres pequefios, realizando las
operaciones seleccionadas con base en los procesos basicos para
manufacturar muebles de bambt. Conocer los principios acerca de
la postura para evitar problemas musculo-esqueléticos relacionados
con el trabajo, establecer lineamientos para identificar, evaluar y
controlar factores que causan accidentes y enfermedades de trabajo.

Posteriormente decidir con fundamentos ergondmicos el
cambio de trabajar sentado en el piso a trabajar de pie con una
mesa disefiada con el propdsito de lograr precision en el ensamble
y evitar posiciones forzadas.

Palabras clave—Disefio, Ergonomia, postura.

Abstract

This paper considers the progress of the research in which
Industrial Design and Ergonomics are related to apply expertise in
both areas in order to analyze working conditions and postures
performed by artisans who make bamboo furniture in the town of
Monte Blanco, in the state of Veracruz, Mexico.

The paper is divided into two parts. In the first part,
ergonomic concepts are defined, considering environment,
demographic and economic data of target population. The second
part is concerned with the description and assessment of current
working conditions of artisans in small workshops where bamboo
Sfurniture is produced.

Finally choose based on ergonomic fundamentals to change
work sitting on the floor to work in an upright posture with a
workbench designed with the purpose of achieving precision in
assembly and avoiding awkward positions.

Keywords—Design, Ergonomics, posture analysis,

Relevance to Ergonomics:

e  Data from male artisanal population studied in the village of
Monte Blanco, Veracruz.

e  Various images and videos of operations for assembling
bamboo furniture with traditional processes.

e Analysis and assessment of various operations.

1. INTRODUCTION
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This research is part of a project that examines artisans’ technology
to produce furniture in small workshops in the town of Monte
Blanco, in the state of Veracruz in Mexico. It includes a deeper
understanding of craftsmen working conditions as a system of
inter-related activities or entities with a joint purpose to improve
the quality of the products and enhance human circumstances.
Industrial Design and Ergonomics are linked to apply expertise of
both areas.

The village of Monte Blanco is recognized, for more than
forty years, for producing furniture and other objects with bamboo.
This activity is currently the economic occupation of this town
located in the municipality of Teocelo in Veracruz.

This document is divided into two parts. The first one
comprises the theoretical framework of Ergonomics applied to the
project while considering the environment, demographic and
economic data of the particular group identified as the intended
recipient of the project: design of a workbench.

The second part presents an approach to the analysis of the
activities of craftsmen in different technical operations chosen
considering the main processes to manufacture bamboo furniture.

This research is useful because it is made from two points of
view: Ergonomics and Industrial Design, and most notably because
it seeks to solve a problem with social implications for the benefit
of a group of identified users.

Analisis@ledosBuestos@ie@rabajoied
losArtesanosl

ERGONOMIAE

Figure 1. Relationship between Industrial Design and
Ergonomics. Drawing: Ma. Fernanda Gutiérrez Torres.

This project is conducted under the direction of MDI Carlos
Chavez Aguilera [1], in which other teachers and students have
collaborated in previous stages.

2. OBJECTIVES

Improve working conditions of artisans and quality of products,
based on Industrial Design and Ergonomics expertise. [2]

Prevent artisans to be injured while working with inadequate
tools made by themselves.

Analyze and assess postures while working. [3]

Consider people’s capabilities and limitations.

3. DELIMITATION
This study is aimed at male artisans working in family workshops
located in the urban area of the town of Monte Blanco in the

municipality of Teocelo, in the state of Veracruz. In these
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workshops bamboo furniture is produced in its natural form, with
raw materials grown in the same town or surrounding areas. [4]
Activities and positions analyzed are related to the assembly of
furniture; operations are carried out on the floor with no accuracy.
By modify working conditions the quality of products might
improve.

4. METHODS

Identify the artisan workshops in the area based on documentary
and field research.

Study the male artisans [5] working conditions and activities,
using images and video (direct observation).

Postura forzada
Torsion izquierda

Postura forzada
Torsién derecha

Postura forzada
Flexion al frente

Golpear con mazo
de madera

Postura prolongada
Sentado en cajas de
madera sin apoyos.

Figure 2. Male artisan working in the floor.
Drawing: Carlos Chavez and Ma. Fernanda Gutiérrez

Describe and analyze the activities from technical and
manufacturing points of view.

Describe and analyze the postures adopted by the artisans.

Apply ergonomic and design criteria for postural assessment
focused on improving performance and health of workers and the
quality of the products. [6].

The term of posture is used to describe the relationships among
various parts of the body, their anatomical arrangement and how
well they do or do not fit together. [6]

5. RESULTS

There have been important improvements in data collection and
ergonomic analysis and assessment. Based on the results, change of
posture is recommended, from work sitting on the floor to work
standing in an upright position using a workbench with the
intermittent use of a stool to prevent fatigue. [7]. With this table,
artisans can improve visibility on operations, may be able to
control their movements, move easily, and prevent overexertion
and awkward postures. It is also planned to hang heavy tools of a
device called "zero gravity" to reduce muscle fatigue.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

6. CONCLUSIONS

As a partial conclusion of the research, one might say that useful
data were obtained to perform the postural analysis with
photographs and videos that provided information with the
participation of artisans. [8] However, the analysis was about some
operations to assemble furniture.
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Resumen

La ergonomia nos proporciona los elementos tanto cientificos como
metodologicos para una mejor aproximacion al disefio que se
centra al usuario final. Es decir ajustarse a sus necesidades y
solucionar problematicas que comunmente se presentan por la falta
de consideraciones de caracteristicas necesarias en el disefio y
fabricacion de nuevos prototipos, tales consideraciones que se
deben tomar en cuenta se ejemplifican con las adecuaciones
antropométricas y ergondmicas. Asi mismo al contar con tales
adecuaciones se crean soluciones que al final seran satisfactorias es
decir que cubra las expectativas proyectadas; que el usuario pueda
desempefiar sus actividades de una manera cémoda, eficiente y
segura. El mal uso del equipo de computadora como el teclado y el
mouse, con el pasar del tiempo causan lesiones al usuario, en
manos, mufiecas y brazos, es por eso que el prototipo de teclado
ergondémico con mouse se disefio en base a esos problemas, y
lograr reducir esas lesiones causadas por las posturas forzadas que
el usuario realiza con los teclados y mouse convencionales. Se
realizaron investigaciones de los teclados ergonémicos que hay en
la actualidad, para observar las bases existentes de estos. Como
resultado obtenemos este prototipo de teclado ergonémico con
mouse para promover la salud, satisfaccion laboral, y lo mas
importante que es la calidad de vida de los usuarios.

Palabras clave— Incluyente, accesorio de cémputo, disefio
adaptable.

Abstract

The Ergonomics provides us scientific and methodological
elements for a better approach to design that focuses in the end
user. le. conform to the needs and solve issues that commonly
present for lack of necessary considerations in the design
characteristics and manufacture of new prototypes, such
considerations to be taken into account are exemplified whith
anthropometric and ergonomic adjustments. Also by to having such
adjustments solutions are created that ultimately will be successful,
i.e., to cover the projected expectations, that the user can be
performed out their activities in a comfortable, efficient and safe

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

manner. Misuse of computer equipment such as keyboard and
mouse, with the passage of time cause injury to the user, in the
hands, wrists and arms, is why the prototype of ergonomic
keyboard with mouse was designed based on these problems, and
achieving reduce these injuries caused by forced postures that you
perform with conventional keyboards and mouse. Investigations
were performed about the ergonomic keyboards that are present
today, to observe the existing bases. As result we get this prototype
of ergonomic keyboard with mouse to promote health, job
satisfaction, and most important the quality of life of users.

Keywords— Inclusive, computer accessory, customizable design.
1. Introduction

The interest of this study was generated to solve possible
muscle-skeletal disorders that commonly occur in people that work
in an office, in the same way to the people who use a keyboard and
mouse to perform daily tasks. Such disorders occur by the
constants repetitive movements and the use of these tools that do
not present the suitable characteristics as; height, thickness,
inclination, this also can influence in the adoption of incorrect
postures and propitiate muscle-skeletal disorders. That said it is
noteworthy that one of the disorders that commonly arise is carpal
tunnel syndrome, this tunnel is located on the wrist and consists of
eight bones (figure I) and form the structure of the tunnel.

The consequences of this disorder is inflammation of the
tendons in the carpal tunnel, causing numbness and pain in the arm.
The pain may increase such that can cause the inability of people to
do their jobs. The ergonomic keyboard came to increase the
productivity, reduce the fatigue and discomfort in the user.

The nerve median
suffers
compression at
the wrist, causing
numbness or pain.

Figure 1: Carpal Tunnel Syndrome (Source: Centro de Innovacion
y Desarrollo Tecnologico)
Other types of disorders related to these tools are:

Table 1: Cumulative disorders that are related to the hands and
arms.

Disorder Factors responsible for the
disorder.

Epicondylitis Internal rotation radial deviation of
the wrist.

Ganglionares quistes. Unaccustomed to use the tendon or
joint.

Repeated manipulations with
extended wrist.
Repeated twisting of the wrist.

Neuritis of the fingers Contact of hand tools on the nerve in
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the palm of the hand or side of the
fingers.

Tenosynovitis in extensor | Efforts with the flexed wrist.

tendons of the fingers.

Source: Centro de Innovacion y Desarrollo Tecnolégico
1.2 General objective

Design of a prototype keyboard and mouse ergonomic to help
prevent problems caused by the use of conventional keyboard and
mouse (avoiding awkward postures of hands and wrists), also seeks
the prototype can match the needs and suits people with
disabilities.

That the features of the prototype provides a convenient
means in their use, making hands, wrists and forearms be placed in
a relaxed position, and minimize injury risk over time, and must
also meet the needs of users with disabilities (who suffer from
blindness, blindness, etc.).

As it is a prototype, the use of it is delimited to responsible
persons of the investigation.

1.3 Ergonomics

Is the scientific discipline interested in understanding of the
interaction between humans and the elements of a system; and the
profession that applies theory, principles, data and methods to
design in order to optimize human well-being and overall system
performance. International Ergonomics Association (2000) [1].

1.4 Ergonomic Adjustments

These can be of different types, such as anatomical adaptations,
biomechanical, psychological, psychosocial, and obviously
anthropometric. All of these are important but the measures
anthropometrical are of particular relevant as they are the basis on
which you can achieve physiological and biomechanical
adaptations. (Prado, Avila y Herrera 2005) [2].

Adequacy Anthropometric: Are optimal relationship
between the physical dimensions of an object (height, width, depth,
and so on.) and the dimensions (structural or functional) of the
parts of the user’s body that come in direct contact during system
operation [2].

1.4 Anthropometry

Science of measuring of the human body, generally, uses a lot of
similar devices to the calipers to measure the structural dimensions,
for example, the height and the length of the forearm [3].

1.5 Muscle-skeletal disorders

These are a set of inflammatory or degenerative lesions of muscles,
tendons, joints, ligaments, nerves, etc. The most common locations
are found in the neck, back, shoulders, elbows, wrists and hands.
The most common diagnoses are tendinitis, tenosynovitis, carpal
tunnel syndrome, myalgia, cervical pain, back pain, etc. The
predominant symptom is pain associated with inflammation, loss of
strength and decrease or functional impairment of the anatomical
area affected [5].

1.6 Ergonomic keyboard

Those keyboards can improve the user's posture and help minimize
the risk of Muscle-skeletal injury. Some keyboards are divided to
enhance the natural position of the hands, wrists and arm [5].

Image Microsoft

Figure 2: Postures office workers which usually adopted (Source:
Microsoft).

1.7 Ergonomic Mouse

It is the tool with which we can control the pointer into our
computer, its shape and size should be comfortable to have the
hands in a natural position [5].

Image Microsoft

Figure 3: Representation of ergonomic mouse (Source: Microsoft).

There are different designs mouse, and research on the most
comfortable. The touch mouse, functions like touch panel of a
laptop and help perform more functions into handling the computer

(31
2. Methodology
2.1 Design of the keyboard.

The most recent and current research on ergonomic keyboards are
based on their ergonomic design, which facilitates the work done
on them, and reduces the risk of injury by using of them.

The most keyboards use the QWERTY distribution on your
keys, this design help you type faster typing using both hands
equally. Below are just some of the keyboards that served as
reference for the formulation of what we call State of the art.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.
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Figure 4: Representation of QWERTY keyboard.

The Sculp ergonomic keyboard is an example of an
alternative design of a fixed keypad.

Image Microsoft

Figure 5: Representation of Sculp ergonomic keyboard (Source:
Microsoft).

Goldtouch® Adjustable Kevboard
Image Microsoft

Figure 6: Adjustable ergonomic keyboard (Source: Microsoft).

Keyboard more familiar with comfort curve:

The Comfort Curve Keyboard 3000
Image Microsolt
Figure 7: The comfort curve keyboard 3000 (Source: Microsoft).
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2.2 Formulation of keyboard prototype.

To begin with the design of the prototype were required
anthropometric percentils, originally proposed to refer to the 50th
percentile for the design, finally was opted for the creation of a
dynamic prototype that vary in range, from the 5th percentile to the
95th percentile with effect to do it more inclusive, that present
more convenience for the user and adapt to him.

The following tables were collected from the book:
Ergonomia Ocupacional Investigaciones y Aplicaciones. Vol. 3 y
Vol.5. Published by the SEMAC.

Table 2: Results from measures in positions sitting.

Aritmetic  Standard Percentile Percentle  Percentile

mean _ desviaion Mode 9% 0% 95 %
1. Horizontal reach arm 729 40 740 67.0 730 791
2. Foot horizontal reach 96.6 82 93.0 859 7o 105.6
3. High between thigh to seat 133 22 15.0 97 13.0 166
4. Popliteal height 432 28 43.0 400 430 476
9. Knee height a7 39 330 45.0 52,0 979
6. lenght from popliteal to gluteus 499 248 44.0 38.2 4713 53.0
7. lenght from knee to gluteus 36.6 GA 350 50.0 56.0 65.1
8. Thigh Clrcumference 439 9.3 44.0 376 43.0 3.0
9. Ankle height 75 12 8.0 6.0 7 9.6
10. Foot length 256 15 210 230 255 278
11. Width of the foot 66 12 9.3 6.3 9.0 101
12. Width hip 35.7 6.3 39.0 300 335 436
13.length of hand 18.6 13 18.0 15.6 19.0 213
14. Width of hand 9.0 08 9.0 7.7 9.0 10.0
15.height of hand 43 6.0 3.0 25 30 41
16. Length from elbow to wrist 262 37 210 228 26.5 306
17. Breast height 1288 65 122.0 1205 12718 141
18. width of shoulders 427 3.3 40.0 77 43.0 470
19. cm reached to stooping 359 48 400 267 3ro 420
20. Angel degree reached to stooping 503 100 300 394 50.0 700
21. Age (years) 23.6 6.7 23.0 16.3 23.0 368

Below are descriptions of the measures corresponding to the human
hand are presented.

2.3 Hand length

Is limited by the closest distance to the metacarpal region of the
wrist bending, the apex of the middle finger (dactilion IIT).

e
Hand Length
¥ Length of the palm
Width of the palm

Figure 8: Representation of measures Human hand.

The next that shows are some of the percentiles of the hand
measurements.

Table 3: Results of the study in men 17-20 years of age (cm).
9
Measurement’s 50, 50% 100%

description
Hand length 15.673 | 18.054 | 20.425

Length of palm of hand | 8.6763 | 10.373 12,07
Width of palm of hand | 6.6558 | 8.1094 | 9.5629
Table 4: Results of the study of women 17-20 years old (cm).

3]
3’["'“3‘“.‘“6‘“ s 5%  50%  100%
escription
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Hand length 15.828 | 17.594 | 19.360
Length of palm of hand | 7.8310 | 9.8366 | 11.842
Width of palm of hand | 4.5519 | 7.8598 | 11.168

Note: These were some of the respondents percentiles, in
the book Antropometria para el Diseflo by author Lilia Leon
Roselia Preado a number of percentiles obtained from different
body measurements are presented, among them the hand, these
percentiles are classified by gender and age.

Emphasizing chapter “diseflo de herramientas de mano”
which shows kons in his book “disefio de sistemas de trabajo”, it
take into account all possible variables and the recommendations
for the design, el prototipo tiene una carga de trabajo equivalente
para cada mano (the keyboard is divided into two parts, one to be
controlled by the right hand and the other for the left hand), except
when cases arise in which the user has only one limb (in this case
you have to attach the keyboard). The distribution of keys is done
considering the principles of typing techniques and materials
handling.

Socinr bAana Loguitres

£ L3 B3 £3

Beetor e Denecta

Figure 9: Distribution keys "management techniques keyboards".

And the inclination of both parties is such that the position
of the hands is natural, including a touch screen in the middle for
better management of computer equipment, so there not will be
many movements unnecessary.

This element should allow the worker to locate and use the
keys to quickly and accurately, without that generates discomfort or
discomfort.

Additionally, you must enable mobility and independence
from the rest of the team, and is necessary to facilitate their
relocation in relation to changes in posture task or user.

2.3 Design of Mouse

The mouse is an Amputator device, which is usually made of
plastic. The importance of representing today has reached such a
degree that people consider it an essential element in any computer.

2.4 State of the art of the mouse

It was designed by Douglas Engelbart and Bill English during the
60s at the Stanford Research Institute, a laboratory at Stanford
University in Silicon Valley, California. It was later improved by
the company Xerox (known as Xerox PARC).
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The invention of the mouse came within a major project
that sought to increase the human intellect improving
communication between man and machine. With his invention, this
achieved the apparition of the first environments or GUI’s
(graphical user interfaces) [6].

Figure 10: Mouse Douglas Engelbart and Bill English.

Xerox in 1972 replaced metal wheels with a ball which
allows that the deployment mouse can addresses much more than
the simple model of X axis and Y axis [6].

Figure 11: Representation of Xerox Mouse.
On April 27, 1981 was launched to the market the first
computer with mouse included:

Xerox Star 8010, fundamental to the powerful new
graphical interface that depended on this peripheral [6].

Figure 12: Computer with mouse included.

Some successful innovations have been the use of a
central or lateral wheel, the optical motion sensor diode LED, both
introduced by Microsoft in 1996 and 1999 respectively, or the
sensor that was based on an invisible laser by manufacturer
Logitech [6].
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Figure 13: The first mouse models with LED. - —
Figure 15: Prototype keyboard with integrated mouse.

The first wireless mouse appears in 1991.

Figure 14: Representation of the first wireless mouse.
Formulation of prototype mouse.

There is a technology multi-touch mouse, is a product of a
constant evolution that is committed to stand out the use of the
mouse, as the primary member in technology shares, and for its
versatility and ease of use is undoubtedly one of the devices of the
moment.

Figure 16: Front view of the prototype.

Lightweight, easy enough to apply to the needs either a
common computer, a laptop computer or system that is intended
widespread use, the Multi-Touch not only bears the advantage of
versatility, but that also bears the important description given its
programmatic terminal.

Based on the techniques of typing, and distribution of keys
for each finger, we can observe that thumbs do not have many
functions or movements is why the mouse that was integrated in
the prototype is designed to be operated by these.

2.5 Prototype Results
With the design of this prototype was obtained a breakthrough and
innovation on keyboards and mouses, benefiting users of them

reducing the drawbacks (illness, difficulty of use) present in
conventional keyboards and mouses.

Figure 16: Front.Lateral view of the prototype.

2.6 Conclusions
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Once again it shows that we are in a system which always
seeks continuous improvement, and of this philosophy are not
exempted the hand tools, always looking to improve them to
provide better comfort to the user. The computer equipment is
being used more frequently in homes, and with the proposal, can
reduce the problems of health risk.

The latter occurs because the design of products aims direct
human use involves consideration of a number of knowledge about
the various features and physical limitations.
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Resumen

El proyecto de investigacion que se expone fue realizado en ciudad
constitucion B.C.S., con el objetivo de disefiar un parque urbano de
interaccion social, basado en fundamentos ergonémicos y de
interaccion social. Considerando especificamente las caracteristicas
ambientales y fisicas de la comunidad, las necesidades fisicas y
sociales de las personas que habitan la misma, y la normatividad
vigente en relacion a este tipo de proyecto.

Lo anterior con el propdsito de manejarlo como una propuesta
innovadora en los contextos sociales donde las personas
pertenecientes a los diferentes sectores de la sociedad (Nifios,
Adolecentes, Adultos, Personas de la tercera Edad y personas
discapacitadas), desarrollan sus procesos de interaccion y
esparcimiento en busca de lograr que dichos procesos se realicen de
una manera efectiva y con ello contar con una poblacion en ciudad
constitucion mas saludable que desarrolle de manera personal e
integral un mejor desempeiio laboral, escolar y social.

Esta investigacion tuvo como principal finalidad comprobar que los
parques en ciudad constitucion no presentan en su disefio principios
ergondmicos y de interaccion social, lo cual se pudo comprobar al
final de la investigacion, ya que durante su desarrollo de procedi6 a
medir las dimensiones de 4reas, mobiliario, espacios y juegos
recreativos, asi como identificar las condiciones que propician la
interaccion social de las personas, comprobando que estas se
encontraban fuera de los parametros recomendados por los
ergonomistas y expertos en construcciones urbanas, asi como
carentes de posibilidades de interaccion social entre las personas
pertenecientes a los diferentes sectores sociales que integran la
poblacion de ciudad constitucion, concluyendo al respecto que si
Diseflamos e implementamos un parque urbano que considere
aspectos ergondémicos y de interaccidon social, se lograra
incrementar el grado de satisfaccion en esparcimiento e interaccion
social, ya que este se adecuara a las necesidades fisicas, y sociales
de sus usuarios.

En cuanto a los tipo de investigaciones empleadas podemos
mencionar que se empled la investigacion cualitativa, ya que esta
tiene como caracteristica que se presenta en un entorno social y en
ella se ponen en consideracion las opiniones o sentir de las
personas sobre un hecho o fendémeno que se presenta y puede ser
esto determinante o ser sujeto para las conclusiones del proyecto de
investigacion, por otro lado se emplea también la investigacion
aplicada la cual permite resolver problemas que se presentan a
partir de la aplicacion de conocimientos, aunado a lo anterior se
emplea la investigacion de campo ya que este tipo de investigacion
se apoya en informaciones que provienen entre otras, de
entrevistas, cuestionarios, encuestas y observaciones. La
investigacion de campo es el trabajo metodico realizado para
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recoger material directo en el lugar mismo donde se presenta el
fenomeno que se quiere estudiar o donde se realizan aquellos
aspectos que van a sujetarse a estudio, de ahi la viabilidad de
emplear este tipo de investigacion en el presente trabajo.

Abstract

The research project discussed was conducted in Ciudad
Constitucion, B.C.S., Mexico with the aim of designing a city park
for social interaction, based on ergonomic principles and social
interaction. Specifically considering the environmental and
physical characteristics of the community, physical and social
needs of the people who inhabit it, and the current regulations
regarding this type of project.

This in order to manage it as an innovative proposal in social
contexts where people belonging to different sectors of society
(Child, Adolescent, Adult, Senior Ages and handicapped persons),
develop their processes of interaction and recreation seeking to
ensure that these processes are carried out effectively and thus
have a healthier population in Ciudad Constitucion to develop
personal and integral better work, school and social performance.
This research had as main objective to verify that parks in the city
does not occur in ergonomic design and social interaction
principles, which it was noticed at the end of this research, since
during its development proceeded to measure the dimensions of
areas, furniture, spaces and recreational games, as well as identify
the conditions that foster social interaction of people, proving that
these were outside those recommended by ergonomists and experts
in urban construction parameters and lack of opportunities for
social interaction between people from different social sectors that
make up the population of Ciudad Constitucion, concluding about
if an wurban park is designed and implemented considering
ergonomic and social interaction aspects, satisfaction in leisure
and social interaction will be increased, so it will be adequated for
the physical, and social needs of its users.

As the type of research work, we may mention that qualitative
research was used, as this has the characteristic that occurs in a
social setting and it is put into consideration the views and feelings
of the people about an event or phenomenon presented and this
could be determinant or be subject to the findings of the research
project, on the other hand applied research that solves problems
arising from the application of knowledge, coupled with the above
field research was also used since this type of research is based on
information coming among others, interviews, questionnaires,
surveys and observations. Field research is the methodical work to
collect direct material in the same place where the phenomenon to
be studied or where those aspects that will be studied, hence the
feasibility of using this type of research presented in this work.

INTRODUCTION

Through time and among human societies, perception, design and
use of the parks have changed significantly. From classical Greece,
there were natural plots, which initially were dedicated to Dionysus
and Apollo gods, but they subsequently became public use. In the
Middle Age, the absence of such public spaces arises, restricting
the use of private gardens. In the Renaissance, architectural
buildings arise. The Modern Age, brings a new social and political
order, which is characterized by absolute monarchies and Baroque
art style. The nineteenth century marks the end of a process
dedicated to getting the recreation of nature in urban space for
recreation and public enjoyment. The need for labor in the
industrial centers led to cities large numbers of workers, prompting
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the progressive lack of living space. This mass was accompanied
by inadequate sanitation, hygiene and total absence of pollution
from factories. The concept of "public park", understood as a space
created and the city government funded for the free use of citizens
is generated by the need to oxygenate the city to make it healthier
and creating spaces for recreation and leisure, until after the
industrial revolution. Currently, parks and gardens cannot be
analyzed as separate clements, but as a set of elements and
interlocking functions. The relationship between Man and Nature,
has changed over time ranging from a harmonious balance in the
early development of mankind until the present time in which a
clear imbalance was produced occurring an intense and
indiscriminate pressure of the society on the nature.

Therefore it is that today nationwide and specifically in BCS, seeks
to create environments in which humans can interact in a balanced
way with nature and in turn can meet your needs for recreation and
social interaction, and thereby achieving a better quality of life and
health, both physical and mental population.

In the Instituto Tecnologico Superior de Ciudad Constitucion,
within the area of architecture, there has been conducted research
to generate proposals for urban park, but only considering
sustainable factor and not ergonomic and psychological part of
users, which does not allow to achieve their overall satisfaction.
This project arises from the need to create an urban park in Ciudad
Constitucion BCS for community development and social
integration in order to achieve social and cultural cohesion,
retrieving values, customs, traditions, solidarity towards vulnerable
groups and integration of people with disabilities and older people,
adults, youth and children. Urban parks play a very important paper
both humans and environment that surrounds because it is an
important factor in the ecological environment, functioning as
"lungs" for cities, generating oxygen and mitigating the heat
produced by lightning the sun reflected on the streets and
sidewalks, also contribute to the social aspect, with public spaces,
recreation, leisure and democratization. Urban parks for its role
must have in their design proper ergonomic bases for diversity
including furniture such as benches, games, ramps for handicapped
people, infrastructure and the right colors for the different sectors
of the population spending a pleasant stay while being there.
Currently the City does not have adequate urban park to the
needs of different sectors of the population, that is why this
project intends to encompass ergonomic issues, sustainability
and social interaction. Where people can exercise, play, relax,
talk, distracted, among other activities to the appropriate
coexistence of people of the town. According to the
characteristics and needs of the population it is contemplated
that the design will feature green areas, areas to promote
sports, playgrounds for children, areas for culture, rest areas,
and other areas for coexistence.

Key Words:
Urban Ergonomics

Work Area (According to invitation)
Design

Key words:

Urban Park Design

Objectives:

General Objective.

Designing an urban park for social integration, through application
of ergonomic fundamentals and tools and social interaction
principles.
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Figura 1.

Specific Objectives.

e Identify needs that establish the basis for defining the
elements of the park to provide integrated and
comprehensive development of the target population.

e Check how the service of urban park in the town de
Comondu is currently available.

e Establish the physical and psychological requirements of
the design, to ensure that the elements of the park are
accessible and compatible with population.

e Develop a proposal for an Ergonomic Design urban park
that offers a variety of alternatives for social integration
and mental comfort for users.

e Check the effectiveness of the proposed design of urban
park.

Delimitation:

The research was conducted in the period June 2014 to January
2015 in Ciudad Constitucion municipality of Comondu in the State
of BCS Figure 1. In particular in relation to the development of
recreational and leisure activities within a sample of representative
semi-urban parks use from existing urban parks in the community.

Ciudad Constitucion is a Mexican city in the state of Baja
California Sur, located 147 km southwest of Loreto and 211 km
north of La Paz, in the heart of the agricultural valley of Santo
Domingo. Besides access road, the city has the Ciudad
Constitucion Airport operated by the municipal government of
Comondu. The city has a population of 40,935 inhabitants in the
census of 2010. The climate is arid with droughts. Its maximum
temperature is 45 degrees and the minimum is -1 degrees. Strong
winds are presented in the afternoon, causing landslides or what is
identified locally by considerable upheaval of dust.
Due to mainly desert climate, there are no permanent streams,
however there are numerous dry riverbeds that from the Sierra La
Giganta descend to the plains east-west, these streams are dry most
of the year, however to occur as strong or torrential rains caused by
hurricanes, these streams are powerful currents that overflow to
devastate large areas of terrains and highways, major streams are
Las
Bramona
s.

Metodol
ogy:

Research

Selection

Applied

! research

uses the

methods

of  the

past,

knowledg

e or

theories

or basic

research to solve an existing problem. Today, applied research is of

great importance to solve the problems that arise due to the scarcity

of natural resources and overpopulation and needs, hence the
feasibility of using this type of research in this paper.

By the features found in the project will be used qualitative

techniques such as: open interviews, focus groups, observation

Ciudad Constitucion location

Pagina 32



Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

techniques and participant observation, moreover quantitative
research is also employed by the use of surveys, experimental and
statistical sampling techniques.

Field research will be subject to implementation in the project; in
this the researcher works in the natural environment in which live
people and the sources from which get the most relevant to be
analyzed, data are individuals, groups and representations of non-
experimental scientific organizations aimed at discovering relations
and interactions between sociological, psychological and
educational in real everyday social structures and variables.

Data collection instruments

Questionnaire Number 1: Survey applied to children.
Questionnaire Number 2: Survey applied to adolescents.
Questionnaire Number 3: Survey applied to adults.
Questionnaire Number 4: Survey applied to senior age
Questionnaire Number 5: Survey applied to disabled
Interview script Number 1: Interview applied to municipal
government representatives.

Script interview Number 2: Interview applied to Citizens
Script Discussion Group Number 1: Discussion

e Register observation Number 1: Field Research

Anthropometric measurements

Anthropometric measurements of a representative sample of
citizens of different social sectors that make up the population of
Ciudad Constitucion, using for this systematic sampling, in order to
gather information useful to the project are made.

For taking anthropometric measurements and observations the
following recommendations are made:

1. The individual under study will be barefoot and with the least
possible clothing (shorts or swimsuit 2 piece).

2. The measuring instruments will be calibrated before taking
anthropometric measurements.

3. All measurements are taken at the right side of the body. Since
1968 it was agreed to take all measures on the right side of the
study, although not the dominant side.

4. Before starting the measurement is marked with dermographic
pencil, anatomical points that serve as reference for the subsequent
taking action.

5. Although each anthropometrist develops its own protocol, we
will discuss some recommendations that can be very useful in our
work:

- You should explain in a very general way the study objective,
noting the importance of staying in the position indicated in each of
the measurements.

- In performing brands and anthropometric measures a sequence
from top to bottom will continue.

- Measuring instruments should be handled with the right hand and
apply gently on the skin.

- The anthropometrist keep a respectful distance from the study.

- The position of the studied changes will be made without shock
and with the collaboration of anthropometrist.

- The study will remain with clothes studio time to its realization. If
the wait is prolonged adequate clothing will be provided.

- It is convenient to have the help of an assistant to write down the
measurements on the basis of anthropometric data.

The measuring instruments used for anthropometric studies are:

» HEIGHT ROD.- Metric scale supported on a vertical plane
and a horizontal table or a slider to contact the top of the head
or vertex. Accuracy 1 mm. It is used for height and sitting the
studied size. Shall be calibrated periodically by checking with
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another tape measure the distance between the horizontal and
different level slider.

» SCALE.--Person weighs 100 grams accurately. used to
obtain the weight of studied. For calibration weights of
different kilograms will be used, covering the scale of the
sample to be measured (low, medium and high).

» ANTROPOMETER.- Is a metric scale with two branches,
one fixed and one moving. The branches may be straight or
curved with olives. Accuracy 1 mm. Body segments, large
diameters and heights are measured. The articulation of the
metric scale, with new segments, to measure lengths up to 2
meters.

» ANTROPOMETRIC TAPE.- Must be flexible, resilient,
metal, width less than 7 mm, with an area without graduating
before zero and easy to read scale. The dock or collection
system and extent of the tape must maintain a constant
tension and allow easy handling. It is recommended that the
reading units are in centimeters only. Accuracy 1 mm. It is
used to measure perimeters and location midway between
two anatomical points.

Auxiliary material

»  Wooden bench of known height for measuring sitting height
and facilitate anthropometrist taking various measures height.

»  Dermographic pencil to mark the anatomical points and
benchmarks.

» A platform as a support base for placing the subject
anthropometer studied and may be useful in measuring the
heights when the ground is not leveled.

Physical measurements.

With the support of specialized equipment for measuring physical
characteristics, are analyzed as those aspects are in a sample of
urban parks, so based on the results make a proposal to better
environmental conditions, physical and infrastructural for increased
user satisfaction processes recreation and social interaction.
Furniture Design and Spaces

Based on the collected anthropometric data, general information on
the context and the information provided by users and
representatives of governmental and social institutions, furniture,
equipment and recreational implements appropriate to the type of
activity that is required in urban park will be designed generating
about this benches, games, spaces and structures.

Test and Experimentation.

Once designed the proposed urban park, will proceed to prove their
efficiency, which is experienced with a group of representative
users for purposes of validity through statistical sampling
procedures, electronic simulator and physical recreations of spaces
according to the design proposals generated, and thus test the
hypothesis in this research.

Results:

Once the research design of an urban park for social integration,
Ciudad Constitucion Municipality of Comondu in BCS, which
includes ergonomic fundamentals and principles of social
interaction from the diverse needs presented by different social
sectors is obtained the population.

Anthropometric tables of different user sectors (A-E) from
activities scheduled location and measurement were generated.
(Table 1)

Standard Percentil Percentil Percentil

Variable deviation 5 50 95

Height 8.36 146.15 160 174
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Eyes standing

height 7.34 136 148 160
Shoulder standing

height 10.34 120 134 147
Elbow standing

height 6.71 90 101 112
Hips standing

height 7.20 78 88 101
Ankle standing

height 1.95 6 10 12
Grip upright sitting

scope 17.72 117.1 168 180
Standard sitting

height 5.18 117 126 132
Eyes sitting height 9.14 101 114 122
Shoulder sitting

height 19.54 54.9 98.5 108
Elbow sitting

height 3.54 20.45 25 32.75
Weight 13.88 47.9 65.5 90.5
Buttock knee

distance 8.36 35.45 56 60
Head width 2.54 13 17.5 20
Elbows sitting

width 5.77 35.45 47 59
Hips perimeter 8.16 87.45 92.5 114
Lateral reach arm 5.47 60 67 79
sitting

Chest 7.19 39 475 60
Hips width 2.98 19 21 28
Head thickness 1.24 18 20 22

Tablel. B users anthropometric table.

Concentrate on the analysis of the comments made by users of the
different sectors that make up the population D. (Table 2) was
generated.

Figure 2.
Shows the
D users
feelings,
about
liking
parks.

Based on

the

generated

anthropom

etric tables, the comments made by users and the contextual

conditions of the community, the specifications for the design of
the Urban Park (Figure 3) were determined.
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The used values for the seats and types of structures to remain in
sitting posture is determined under the following principles
(Oborne, 1999):

a) The type and dimensions of the seat are related to the
reason for sitting.

b) The dimensions of the seat should conform to appropriate
the person sitting anthropometric dimensions.

¢) The seat must be designed to support and stability to the
person sitting.

d) The seat must be designed to allow for varying the
position of the person sitting.

e) The chair must have a backup, particularly prominent in
the lumbar region, to reduce the stresses in this part of the
spine.

f) The seat need the padded enough and firmly enough to
help distribute pressure bodyweight of isquiatricas
tuberosities.

For the arrangement of furniture, recreational games and exercises
are taken as reference information anthropometric measurements of
different types of users. For example, the separation between
recreational and exercise for people older games was set at
minimum 258 cm and the distance between furniture minimum 126
cm, equivalent to the maximum width of shoulders and space to
allow free passage of two people, according to the
recommendations (Oborne, 1999).

The distance between furniture, recreational games and exercise
proposed allows contribute to improving social interactions of users
which is part of the social requirements (territoriality and personal
space) in a workplace (Oborne, 1999).

The width of the walkways will generally be at least 126 cm,
equivalent to the maximum width of shoulders and space to allow
free passage of two people at once, as well as wheelchair access, in
accordance with the recommendations (Oborne, 1999).

The park will feature areas, recreational games, structures and
exercise for different types of users (Children, Teens, Adults,
Seniors Aging and Handicapped), which will be designed
according to the anthropometric and psychological characteristics
of same.

The park will feature walkways, ramps and stairs strategically
located to allow easy access to areas for any type of user.

In relation to physical agents in the environment, these were
defined according to what was proposed by various researchers in
the subject; the maximum allowable noise level by a person to
avoid disruption is 90 db. (Niebel, 2009), so the park in relation to
its location east to seek distance from sources of intense noise. The
ideal temperature range for individuals are in summer 20 ° to 24 °
and 19 ° in winter to 21 °, with a range of relative humidity from
40 to 60% (Creus, 2011), so that a search should have with roofs,
shadows of buildings and wooded areas that improve the
temperatures of different areas and thus provide better comfort to
the user, together with the above look drafts that are beneficial in
times of increased use of park users as well as seek the guidance of
the stairs, roofs, and location of wooded areas and benches also
benefit the user in the busiest hours. By the psychological effects of
the colors used in public places is determined using the yellow or
equivalent for walls and floors gray colored (Creus, 2011).

The parking area counts an specific area for people with
disabilities, as well as quick access to areas of the park.

It will feature payphones, minimum and to provide timely service
to senior age and different capacities, one must be installed with the
handset hook and receiver of coins no higher than 1.30 m. Must
have unhindered access.
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It will feature restrooms and drinking fountains that can provide
service to disabled and elderly, as well as adjustable furniture
where required to supplement adequate care service in the use of
the park for these important sectors of society.

Added to this, for the proper functioning of the urban park, which
will be reflected in the quality of service expected of this, the
following requirements are considered:

e Adequate and functional lighting in various areas and
peripheries of the park.

e Having a more effective monitoring service.

e  Operate an effective installations maintenance program.
Integrate safety signs and guidance commensurate with
the services and needs generated by the park.

e Place monuments in strategic locations of representative
Park City history.

e Integrate a committee of settlers where the park manage
your operation is located.

&

N A

&

Figure 2. Architectural drawing, park layout proposal

Conclusions:

When experimental analysis through simulation of this project
related to design an urban park to consider ergonomic foundations
and principles of social interaction as a strategy to increase the
level of user satisfaction from their recreation and social interaction
in urban park, it was found that the conditions proposed for the
same, significantly increase user satisfaction in relation to
environmental, physical and infrastructural conditions in urban
parks today.

With respect to proposed at the beginning of the investigation
objectives, we can say that these were achieved satisfactorily. They
managed to achieve the overall objective of the research: Design an
urban park for different social sectors of the population, to increase
the level of user satisfaction; This basically relied on the analysis of
bibliographical material related to the topics of ergonomics and
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psychology and physical and electronic design proposal thereof.
Moreover, he also managed to achieve specific objectives,
particularly related to test the feasibility of the new urban park
design as a strategy of satisfaction and interaction recreational
visits to parks; above, supported by various environmental,
physical and infrastructural conditions proposals, as well as
analysis tools.

Whereas as reality, construction and proper implementation of this
urban park development processes recreation and social interaction
depends on factors such as the risk of changes in government
structures that occur periodically; in our case, we can assume that
this factor is very low, since this being a project of social type that
benefits generally to the whole community, we have the security
that will be supported by the municipal and state government
offices of BCS state and the philosophy of government has
historically aimed at the promotion and implementation of
strategies to permanently improve the state of physical and mental
health of citizens that integrates the state's population, particularly
as in this case the population Ciudad Constitucion.

Contribution to Ergonomics:

The importance of the research project regarding ergonomics is that
from the results, which are based on ergonomic bases and
principles of social interaction, a proposed urban park was designed
to serve different sectors up the population of the community
(children, adolescents, adults, seniors and people with disabilities),
which has environmental, physical and appropriate infrastructure to
the physical and psychological characteristics of users, thereby
enabling better development their recreational and social
interaction processes within this environment, reflecting this in
better results in their satisfaction and personal and social welfare.
This represents a greater user satisfaction of urban parks, impacting
positively on the social groups that make up the population
structure of Ciudad Constitucion community where the project was
developed.
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Resumen

El interés por la evaluacion de la carga mental de trabajo es
relativamente reciente si lo comparamos con el analisis de la carga
fisica. El desarrollo tecnoldogico ha llevado un aumento en el
namero de puestos de trabajo que demandan una mayor proporcion
de habilidades cognitivas que fisicas. En este caso de estudio, el
personal encargado de la fase pre-analitica de un laboratorio de
analisis clinico realiza tareas multiples que consisten en la atencion
inicial al paciente que consiste en recibir, solicitar y capturar
informacién del mismo para dar paso a la toma de muestra
correspondiente al tipo de estudio; asi como también dar
informacion, atender el teléfono, recibir pagos, entre otras. En el
laboratorio se pueden llegar a atender alrededor de 120 pacientes
por dia de los cuales un 60% se atiende durante las primeras 3
horas de operacion del laboratorio. El personal ha manifestado
experimentar una sobre carga de trabajo dado que las tareas a
realizar deben cumplirse en cortos periodos de tiempo, ademas de
llevar a cabo actividades que no corresponden a su puesto
afectando su desempefio en el trabajo. El siguiente articulo presenta
un caso de estudio descriptivo donde se analizaron las tareas que
realizan recepcionistas en la fase pre-analitica en un laboratorio de
analisis clinico.

Palabras clave—Analisis Jerarquico de Tareas, Carga Mental de
Trabajo, NASA-TLX.

Abstract

The interest in the evaluation of mental workload is relatively
recent when compared with the analysis of the physical load. Due
to technological development has been an increase in the number of
jobs that demand a higher proportion of physical cognitive skills.
The staff responsible for the pre-analytical phase of clinical
diagnostic laboratory performs multitasking consisting of initial
care of patients, they receive, analyze and capture information from
them, obtaining the sample for the correspondent type of study; as
well as provide information, answer the phone, receive payments,
among others. In the laboratory can reach cover about 120 patients
per day of which about 60% are managed during the first 3 hours of
operation of the laboratory. The staff have experienced work
overload because the tasks must be met in short periods of time, in
addition to carrying out activities that do not correspond to his post
affecting their performance at work. The following article presents
a case of descriptive study receptionists tasks performed in the pre-
analytical phase in a clinical analysis laboratory were analyzed.
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Keywords— Hierarchical Task Analysis, mental workload, NASA-
TLX

Relevance to Ergonomics:

Research in the health sector indicates that the main occupational
risks to which workers are exposed are related to biological,
chemical, physical, and psychosocial risk factors such as mental
workload. there are few published studies that yield an
approximation to the relative importance of risk factors to support
decision-making related to mental workload derived from the
organization of work in this sector demands, so this study is a
contribution to give more knowledge to the subject and allow to set
priorities on which should start acting to identify and recommend
strategies.

1. INTRODUCTION

In recent years, applied research has shown great interest in the
concept of mental workload: How busy is the worker? How
complex the task? Is it possible to perform additional tasks while
holding his current task? Respond to certain stimulus? How feel the
staff when performing their tasks? Mental workload is defined as
the difference between the cognitive demands of a job or task and
the attention capacity of the worker [1, 2]

Mental workload deals with how all cognitive resources that an
individual needs to perform a task. When work demands exceed
individuals’ capacity it can cause a decrease in performance,
increasing the chances of errors. In relation with the context
explained in this paper, Romero et al. [3] inform that these errors
are common to find in mainly in the pre-analytical phase of
clinical laboratory analyses because the amount of information to
be processed as well as the variability of the tasks and the time
available. This paper presents the analysis of the activities
undertaken by the staff of a clinical analysis laboratory as well as
analysis of mental workload generated to perform them.

1.1 Problem statement

In this case study, tasks performed in a clinical laboratory were
studied applying the hierarchical task analysis and the evaluation of
mental workload during the pre-analytical phase. Plebani et al.
[4,5], informs that several kind of problems and errors can be found
during the pre-analytical and post- analytic process in clinical
laboratories because of the variability in cognitive tasks that must
be done in a very short period of time. At the beginning of this
study, an interview with the supervisor of the laboratory
department was conducted, and the staff responsible for the pre-
analytical phase of clinical diagnostic laboratory performs
multitasking consisting of the initial attention of patients; they
receive, analyze and capture information from them, also they must
obtain the clinical sample correspondent to the type of study; as
well as provide information, answer the phone, receive payments,
among others. The laboratory cover the attention of about 120
patients per day of which about 60% are managed during the first
3 hours of operation of the laboratory. The staff have experienced
work overload because the tasks must be met in short periods of
time, in addition of carrying out activities that do not correspond to
their position affecting their performance at work.

1.2 Objectives

The general objective, the specific objectives as well as the scope
and delimitation of this research are as follow:
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1.1.1 General Objective

Hierarchical task analysis and mental workload assessment in a
clinical laboratory of a Private Hospital in Juarez City

1.1.2 Specific Objectives

Analyze cognitive tasks using a hierarchical task analysis

e Determine mental workload using the NASA-TLX
method.

e Determine and recommend strategies to reduce mental
workload of pre-analytical phase. Based on the literature
during the investigation will identify and recommend
effective strategies to reduce mental workload.

1.3 Scope and Delimitations

This study was performed on seven clerks responsible for pre-
analytical phase that consist to receive and request samples, and
capture patient information to take the sample corresponding of
type study in a clinical laboratory of a private hospital in Ciudad
Juarez, Chihuahua.

2. LITERATURE REVIEW
2.1 Hierarchical Task Analysis

The HTA (Hierarchical task analysis) involves a description of the
activity as analyzed in terms of a hierarchy of objectives, sub
objectives, operations and policies. The end result is a
comprehensive description of the activity of the task, the most
important relationships between operations and sub operations in
the hierarchical structure. It is popular for its flexibility and scope
for further analysis offered by the practitioner of Human Factors
and Ergonomics.

Diaper and Stanton [6] suggest the following steps to perform an
HTA:

. Decide the Purpose of the Analysis

. Definition of Task Goals

. Data Acquisition

. Acquire Data and Draft to Decomposition Table or Diagram

. Recheck Validity of Decomposition with stakeholders'

. Identify Significant Operations

. Generate and, If Possible, Test Hypotheses Concerning Task
erformance

NN R W N

The HTA can adapt to a variety of situations, and reliability that
you get will depend on the level of detail that is given to the
analysis.

2.2 Loading mental work

Mental workload is defined by Cafias and Waern [7], as the portion
of processing resources that a person needs to perform a task and
this can occur in two ways. The first and one on mental workload
when the individual's capacities are exceeded due to excess work to
be done in a very short period of time or when tasks are too
complex and otherwise happen sub mental workload when tasks
are too simple [8].
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2.3 Method NASA TLX

It is a scaling procedure that provides a general measure of mental
workload based on a weighted average of the judgments that a
person gives in six factors or dimensions:

-Mental -Demand

-Physical -Demand

-Temporal -Demand

-Effort

-Execution

-Level Of frustration

It is done in two phases, the first phase weighting. This first stage is
performed prior to the task and consists of 15 binary comparisons
of the six dimensions above selecting which generates the greatest
burden assessed and given a weight to each dimension as the
number of times you have been chosen. The second phase of
evaluation is applied to complete the task and evaluated to
determine the degree of loading of each of the six dimensions given
on a scale of 0-100 with intervals of five units. Obtained these data
the index of mental workload is obtained with the following
formula [9]:

]
IC=YpX/15
i=1

IC: load index
Pi: weight obtained for each dimension (first phase)
Xi: score for the dimension (second phase)

The NASA-TLX method is a reliable tool since it has been
validated on several occasions, plus it provides little variability in
the results.

3. METHODOLOGY

The methods used and applied to determine and identify cognitive
tasks were the Hierarchical Task Analysis by Stanton [10], since
the staff is predisposed to multitask leading to have an information
overload and affect their work performance. Then for the
evaluation of mental workload NASA-TLX [11] method, was
applied in which a sample of seven receptionists; four were in the
morning shift and the rest of them were in the noon shift.

3.1 Method

To conduct this research seven listeners working in a private
hospital in the morning and afternoon shift following the steps
below were evaluated:

1. Collection of Information

In this first step will be interviewed a clerk of each work shift for
information about the tasks they perform in their daily work and
the type of information they have, among other data.

2. Hierarchical Task Analysis

With the information gathered from the interview and the
observation of the workplace, a hierarchical task analysis was
developed to obtain the detailed description of the sub tasks.

3. Application Questionnaire

The NASA-TLX questionnaire method was explained and seven
clerks of which four are in the morning shift and three in the
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evening shift was applied. The questionnaire consists of two
sections, with the first part of utmost importance for potential
mental workload source and this is done by 15 binary comparisons
of the six dimensions proposed method, followed in the second half
this weight is designated each dimension.

4. Capture and analysis

Data was cleared in an Excel format and then get scores of mental
workload and the data were analyzed.

4. RESULTS

In the hierarchical task analysis (Table 1) it was observed that the
task that requires a greater amount of information processing was
“receive patient”, since it involves receiving the information that
the patient gives and capture data , this task involves the use of
short time memory to remember the code of study type.

It was found that on average the receptionists were
affected mainly by the level of frustration with their job, there is
greater insecurity, stress and discontent. After results, we analyze
the mental load based on the overall load that is a bipolar scale
from 0 to 100, at intervals of five units, being 0 a very low mental
load and 100 a very high mental load. This can be seen in Table 2
that the overall mental workload remained at an average level.
Comparing the two shifts a similarity is seen as the two agreed that
the workload is middle.

Table 1. Hierarchical Task Analysis

Paticpars 1 2 3 4 5§ Gerera
average
Mentalworkload 2833 48 6567 6433 65 4967 67 505
Average ?1'6 . 1 .
Moring shift Afternoon shift

5. CONCLUSIONS AND RECOMMENDATIONS

By analyzing differences in cognitive tasks assessing mental
workload of the participants, especially those with greater seniority
in their positions so that the results were inconclusive as to
consider other variables such as job tenure and observed years of
experience.

The assessment by the NASA-TLX not only provides information
about the overall level of charge if not that detects so valid and
reliable charging sources. Knowledge of these charging sources
allow us to modify the functions of the posts in order to reduce its
load level and therefore improve customer satisfaction and health
of workers.

-Adapting the workplace spaces, lighting and temperature to make
it as comfortable and functional for staff

Facilitate the acquisition of information necessary to perform the
tasks.

-Update the tools and work equipment as help manuals, checklists,
records and forms, working procedures, among others, following
the principles of clarity, simplicity and usefulness.

Table 2. Mental Workload results
1 Reception of samples for laboratory
Plan | Do B, then C, then D, then E y either
0 |ofEorF
B | Received the patient

Plan | Do B1, then B2, then B3, (if it is
1 complete finish, if not B4)

B1 | ask a doctor's order

B2 | Capture of personal data

B3 | Data capture of system required
B4 | Search code
C | Put bracelet

2 |DoCl
C1 | Fill bracelet
D | Send patient waiting room

3 Do D1

Instruct the patient's door
D1 | waiting room
E | Bill and take orders
Plan
4 | Do Ely E2 at the same time
E1 | Print invoice
Bring orders to the appropriate
E2 | department
F | Answer calls
Plan
5 |DoFl

F1 | Answer calls

F1 | Answer customers doubts

G | Deliver results
Plan
6 Do G1, then G2, then G3

G1 | Patient initial care

G2 | ask for patient information
G3 | Search results

REFERENCES

[1] D. Navon and D. Gopher. “On the economy of the human
processing system”, Psycological review, 86, 254-255, 1979.

[2] R. D. O’Donnell and F. T. Eggemeier. “Workload assessment
methodology”, Handbook of perception and human performance,
1986.

[3] A. Romero, A. Cobos, J. Gomez, y M. Muiloz. “Role of training
activities for the reduction of pre-analytical errors in laboratory
samples from primary care”, Clinica Chimica Acta 413 (2012)
166-169

[4] M. Plebani. “Exploring the iceberg of errors in laboratory
medicine”. Clin Chem Lab Med 2009;404:16-23

[5] M. Plebani, L. Sciacovelli, A. Aita, A. Padoan, A.y M.L.
Chiozza. “Quality indicators to detect pre-analytical errors in
laboratory testing”, Clinica Chimica Acta 432 44-48, 2014.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

Pagina 39



Ergonomia Ocupacional. Investigaciones y Soluciones. Vol 8 | 2015

[6] N. A. Stanton. “The psychology of task analysis today, , The
handbook of Task Analysis for Human-Computer Interaction, New
Jersey: Lawrence Erlbaum Associates, 2004.

[7]1J. Cafias y Y. Waerns. “Ergonomia cognitiva: aspectos
psicoldgicos de la interaccion de las personas con la tecnologia de
la informacién”, Médica panamericana, 260pp, 2001.

[8] O. Sebastian y M. del Hoyo. “La carga mental de trabajo”,
Centro Nacional de Nuevas Tecnologias. Madrid Instituto Nacional
de Seguridad e Higiene en el Trabajo, 2002.

[9] S. Rubio, E. Diaz y J. Martin. “Aspectos metodologicos de la
evaluacion subjetiva de la carga mental de trabajo”. Arch Prev
Riesgos Labor,4(4), 160-168. 2001.

[10] N. A. Stanton. “Hierarchical task analysis: Developments,
applications, and extensions”, Applied ergonomics, 37(1), 55-79,
2006

[11]S. G. Hart and L. E. Staveland. “Development of NASA-TLX
(Task Load Index): Results of experimental and theoretical
research”, Human mental workload (pp. 139-183),1988.

LDI. Pamela Bustamante Sdenz: She is an Industrial Designer.
Currently she is a student of masters in industrial engineering with
a focus on ergonomics at the Autonomous University of Ciudad
Juarez.

Ing. Natalia Lopez Hernandez: She is an Industrial Engineer.
Currently she is a student of masters in industrial engineering with
a focus on ergonomics at the Autonomous University of Ciudad
Juarez.

Dr. Aide Aracely Maldonado Macias: She completed her
Bachelor Degree in Industrial Engineering, the MSc in Industrial
Engineering by the Technological Institute of Ciudad Juarez and
Ph. D. in Sciences in Industrial Engineering by the same Institute.
She is currently a full-time Professor-Investigator at the
Autonomous University of Ciudad Juarez (UACJ). She has
published in International Journal of Industrial Engineering and
International Journal of Advanced Manufacturing Technology,
Expert Systems with Applications, Work, Journal of Accounting
and Management, Journal of Educational Research among others.
She has also collaborated with book chapters for Springer, IGI
GLOBAL.

Dr. Jorge Luis Garcia Alcaraz: Jorge Luis Garcia Alcaraz is a
full time researcher of the Department of Industrial Engineering at
the Autonomous University of Ciudad Juarez. He received a MSc
in Industrial Engineering from the Colima Technology Institute
(Mexico), a PhD in Industrial Engineering from Ciudad Juarez
Technology Institute (Mexico) and a Postdoc from University of La
Rioja (Spain). His main research areas are related to Multicriteria
decision making applied to manufacturing, production process
modeling and statistical inference. He is founding member of the
Mexican Society of Operation Research and active member in the
Mexican Academy of Industrial Engineering. Currently, Dr.
Garcia is a National Researcher recognized by the National Council
of Science & Technology of Mexico (CONACYT) and is working
with group research from Colombia, Spain and Dominican
Republic. Actually, Dr. Garcia is author/coauthor in around 120
journals, international conferences and congress.

Dr. Juan Luis Hernandez: Juan Luis Hernandez-Arellano is
currently Professor of Design at the Institute of Architecture,
Design and Art at the Autonomous University of Ciudad Juarez. He
earned degrees in Industrial Engineering and Master of Science in
Industrial Engineering from the Technological Institute of Celaya

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

and the degree of Doctor of Science in Engineering from the
Universidad Autéonoma de Ciudad Juarez. Dr. Hernandez is a
candidate for the National System of Researchers (SNI) by the
National Council of Science and Technology of Mexico
(CONACYT). His research areas are: Industrial ergonomics,
ergonomic product design, statistics applied to ergonomics, design,
development and validation of surveys and the development of
structural equation models d. He is author and co-author of articles
published in journals, conferences and congresses.

Pagina 40



Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

Environmental Elements of  Situational
Awareness in Incident Management at Major
Events

Hernandez-Escobedo, Guadalupe®; Allen, David® and Pearman,
Alan®

* Instituto Tecnoldgico de Tijuana, Av. Tecnoldgico s/n,
Fraccionamiento Tomas Aquino, Tijuana, México; C. P. 22414.
Correo electréonico: ghernan@tectijuana.mx.

® AIMTech Research Group, University of Leeds, Woodhouse
Lane, Leeds LS2 9JT, U.K.; E-mail: da2@lubs.leeds.ac.uk

¢ Centre for Decision Research, University of Leeds, Woodhouse
Lane, Leeds LS2 9JT, U.K.; E-mail: adp@lubs.leeds.ac.uk

Resumen

El propdsito de esta ponencia es poner en manifiesto los elementos
ambientales utilizados para crear y mantener la comprension de las
situaciones. Esta comprension se utiliza en el proceso de toma de
decisiones dentro de la operacion rutinaria de los eventos grandes,
especificamente en el manejo de incidentes rutinarios y
contingentes. Como este contexto es considerado natural e
inexplorado, el paradigma considerado conveniente para realizar la
investigacion fue la mezcla de los enfoques cognitivo y social, el
cual incluia un paradigma interpretativo para obtener profundas
comprensiones. Aqui, la revision de la informacidén organizacional,
la observacion de las practicas rutinarias y entrevistas con personal
experimentado en el contexto fueron los métodos empleados para
colectar datos en conciertos y partidos de beisbol realizados en tres
ciudades. Esta informacion fue analizada utilizando la teoria de la
actividad como marco conceptual y herramienta analitica. Ademas,
el método comparativo constante fue aplicado para descubrir los
elementos ambientales. Para facilitar su comprension, estos fueron
categorizados usando como base la estrategia y los sentidos
utilizados en su descubrimiento. Esto resulto en el hallazgo de doce
atributos contextuales dentro del manejo de incidentes en los
eventos grandes. Estos fueron considerados cruciales dentro de la
comprension de las situaciones demandada en el proceso de toma
de decisiones para asi ayudar en el entendimiento de dicho
contexto.

Palabras clave—Conocimiento de las situaciones, manejo de
incidentes, eventos grandes.

Abstract

The purpose of this paper is to uncover the environmental elements
used to create and maintain situational awareness (SA). This
awareness is utilized in the decision-making process within the
routine operation of major events, specifically in the management
of routine and contingent incidents. As this context was considered
naturalistic and unexplored, a mix of the cognitive and social
approaches was chosen as feasible approach, which included an
interpretive paradigm to gain in-depth insights. Here, the revision
of organizational documentation, the observation of current
practices and the interview of experienced personnel were the
methods to collect data in concerts and baseball matches in three
cities. The gathered information was analyzed using activity theory
as conceptual framework and analytical tool. In addition, the
constant and comparative method was employed to discover the
environmental elements. To facilitate their understanding, they
were categorized on basis of the strategy and the sense employed to
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uncover them. This resulted on uncovering twelve contextual
attributes in incident management at major events. These were
considered crucial within the situational awareness demanded in
the decision-making process by helping on understand that context.

Keywords— Situational awareness, incident management, major
events.

Relevance to Ergonomics: This paper contributes with the
understanding of situational awareness within the context of the
routine operation at major events, embracing the management of
routine and contingent incidents. As situational awareness was an
unexplored area of research in the current literature, the study filled
this gap of knowledge. This also permitted the use of a novel
conceptual framework and an analytical tool to gain in-depth
insights of its environmental elements and their contextual
influences as well as the subjective and inter-subjective social
constructions demanded in that context.

1. INTRODUCTION

During the routine operation of major events, its activities were
aligned to prevent the routine incidents and to minimize the impact
of the contingent incidents [1]. Major events are broadly defined as
public or social things that take place with the purpose of
entertaining a group of people who have leisure objectives within a
place or venue. Routine operation is the set of activities, actions
and operations that are performed before, during, and after the
normal operation with the goal of preventing incidents or managing
potential or active incidents. Incident means any unusual situation
that could lead to the loss or disruption of the routine operation.
Incident management is the set of activities, actions and operations
that are performed before, during and after the routine or
contingent incidents with the goal of preventing casualties,
reducing their impact on infrastructure and returning to a state of
normalcy as routine operation. The results of both types of
incidents were generally presented in relation to the number of
casualties, the damage to infrastructure and the duration of the
interruption by incident management [2]. For this reason, the
activities were focused on the creation and maintenance of SA to
prevent or manage the incidents discovered in context. It served to
understand continuously what happened, what happens and what
would happen in context over time [3]. Its goal was to obtain a
clear picture of the context to make informed decisions [4],
permitting to return fast to the state of normalcy after as routine
operation.

Diverse types of SA at individual and collective levels were
demanded in relation to the organisations that converged in this
context. It was because each organisation was centered on
achieving their goals understanding significantly different that
context. In other words, the context of the routine operation and the
management of routine and contingent incidents served to uncover
different situational meanings [5]. These are related to the
significance of the environmental elements included in that
situational awareness created and maintained by individuals and
their organisations.

In the current research, it was discovered that those
elements were in relation to the information seeking strategies,
which were similarly concerned with the roles of individuals and
their organisations in context. However, the discovery of those
elements and their significance in the context handled here was an
unexplored area of research. This principally permitted to explore
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what environmental elements were included in the SA demanded in
this context.

The objectives were to discover the environmental elements
included in the individual and collective SA used in the routine
operation and the management of routine and contingent incidents
at major events, and to uncover the contextual influences on those
environmental elements and the subjective and inter-subjective
social constructions demanded in this context.

The remainder document is structured as follows: the next
section presents a review respecting to SA. It is followed by an
explanation of the context and the methodology employed. Next,
the results are presented as well as their discussion and the
conclusions.

2. SITUATIONAL AWARENESS

In the current literature, the importance of SA is principally seen in
that information provided to lead informed decisions in dynamic,
complex and time constrained contexts, as aviation, command and
control areas, etc. Moreover, SA has been studied as a product and
as a process. The difference between them is that in the former, SA
is a whole picture of specific situations formed by individuals over
time [6]; and in the latter, SA is the achievement of diverse levels
to complete that picture [3].

Similarly, SA has been investigated from the information
processing [3] and the ecological [7] theoretical perspectives. The
information processing perspective considers the perception of
environmental elements of the situations, the comprehension of
those elements in concern with the context, the projection of the
states of those elements in concern with that context, and the
prediction of external variables affecting those projections [3]. On
the other hand, the ecological perspective proposed that SA results
of the continuous interaction between individuals with the
surrounding environment [7]. Here, individuals create objective
meanings from the task constrains (situations) and mental
interpretations (knowledge) at individual level. This permitted to
give importance to those environmental elements, which similarly
led diverse actions from individuals in context [8].

However, the majority of the research has been done in
controlled contexts leaving a gap of knowledge referring to what is
the significance of SA in the naturalistic, dynamic, complex and
time constrained context as the routine operation of major events,
which includes the management of routine and contingent
incidents. Specifically, what are the environmental elements
considered relevant in that context. This permitted to focus on the
status, the attributes and the dynamics of the environmental
elements [5]. Additionally, this also helped on understanding the
existing relation between the sense stimulation and its information
provided [8]. Moreover, this involved the perception of facts and
their comprehension in concern with the recognition of similar
situations [9]. Furthermore, the discovery of those elements had
theoretical, methodological and practical implications in
consideration of the context treated here.

3. CONTEXT AND METHODOLOGY
This section describes the context of the routine operation and
incident management at major events, the participants and their

organizations, the gathered data and their analysis.

3.1 Major Events and Incident Management

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

This research was done in concerts and baseball matches in three
cities located in the northeast of Mexico. The local government of
Tijuana organized the concerts during the months of September and
October 2011. The owners of the franchises of Los Mochis
(stadium 1) and Guasave (stadium 2) within the Pacific Mexican
League organized the baseball matches during the regular season
2011-2012. To control the routine operation in these events, the
organizers deployed a linear organization, which exhibited the
authority and responsibility of individuals in concern with their
abilities, knowledge and experience. This organization followed
some guidelines included in the General Law of Civil Protection
[10]. It also suggested the formation of a command and control area
(C2) formed by the leaders of all participant organizations, as
shown in section 3.2.

Once the C2 is deployed, the leaders accorded what areas
their personnel covered. It was usual that some individuals stayed
in determined areas meanwhile others patrolled some areas of the
venues over time. For example, some individuals were located near
to the entrances meanwhile others watched over the internal
corridors, bathrooms, external areas, etc. They commented that
these patrols helped on understanding what is happening over time
along the venues. In addition, these aided on discover those areas
classified as problematic because they can suddenly change over
time. This was with the aim to anticipate the incidents. For
instance, it was usual that the individuals discovered those areas
that could shelter some potential incidents so that they increased
the patrols over time. These kinds of actions permitted to anticipate
the incidents. Contrarily, the individuals were alert to manage the
contingent incidents. These individuals were personnel from the
participant organizations deployed in the events. Nevertheless, in
certain incidents, the personnel deployed were inadequate to
manage them so that some personnel from other organizations were
involved to recover the state of normalcy in the routine operation.
Certain fights, faints, drunkards, etc. were examples of these kinds
of incidents.

3.2 Participants and Their Organizations

The study involved diverse organizations that participated in the
concerts and baseball matches. 13 organisations were included in
the study: two baseball teams, a department of the local
government (serving as organizer of concerts), two divisions of the
Police, the Fire Department, two Civil Protection areas, the Red
Cross, two voluntary organisations and two security organisations.
As a matter of detail, this allowed to include personnel with
experience in the context treated here and with roles at tactical and
operational levels. These organizations were organized in
agreement with the linear organization mentioned in section 3.1
and their leaders formed the C2.

In the concerts, the Public Relations Department of the
Local Government organized the concerts and directly controlled
the leaders of the Firemen, the Police and the Civil Protection
Department. On the one hand, the Police controlled the traffic of
surroundings areas of venues and guarded the entrances and the
interior of the venues. Three divisions converged: active, transit
and commercial. On the other hand, the Firemen controlled the
voluntary organisations and the Red Cross. At the same time, the
Civil Protection Department supported the activities of the
Firemen.

In the stadium 1, the managers organized and controlled the
security organizations and the Police. Both guarded the events, but
the security organizations did preventive actions and the Police
corrective actions. It was because the Police can arrest individuals,
but the security organizations cannot. In the stadium 2, the
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managers organized and controlled the guards or security
organization. The Police was not a permanent organization in the
events, but it was common practice that they entered to the events
and patrolled the interior of the venue. Occasionally, the Red
Cross, the Civil Protection Area and voluntary groups were
involved to support the operation at major events.

3.3 Gathered Data

The observation of the current practices, the interview of incident
responders using the Critical Incident Technique [11], and the
revision of organizational documentation were the methods used to
gather data in the fieldwork. This was done in three cities during
six months at two concerts and 21 baseball matches. The fieldwork
was done in three phases. The first phase involved the observation
of practices in two concerts with an audience of 55,000 and 35,000
spectators respectively. The organizational documentation was
revised and 17 semi-structured and face-to-face interviews were
conducted with operative and tactical personnel. The next phase
included the baseball matches. The practices were observed in 19
matches that incorporated the semifinals and the finals of the
season 2011-2012. The organizational documentation was revised
and 19 interviews were conducted with operative and tactical
personnel. The final phase covered the revision of organizational
documentation of the concerts and 19 interviews with operative and
tactical personnel.

The fieldwork finalized with 55 interviews with operative
and tactical personnel reporting 119 incidents; nearly 100 hours of
observations in 21 events discovering 56 incidents, and the revision
of 147 documents. During this process, ethical considerations were
followed. For example, all gathered data was codified to assure
confidentiality. In addition, the interviews were done after the
participants gave their authorization to be interviewed.

3.4 Analysis of Gathered Data

Activity theory was employed as a novel conceptual framework
and analytical tool [12] focusing on achieving the objectives stated
before. This permitted to capture the environmental elements and
the contextual influences and the subjective and inter-subjective
social constructions demanded in context [13]. For this reason, the
microanalysis and the vertical and horizontal analysis [14] were
used to understand them and helped to categorize those elements.

In addition, a conceptual framework and analytical tool was
used to prove that information seeking behavior can aid to explore
the environmental elements, the information seeking strategies
employed to discover those elements and their relationships [15].
Therefore, an interpretive paradigm was chosen because this
allowed gaining in-depth the understanding of those phenomena
[16], the contextual influences and the subjective and inter-
subjective social constructions. It is important to remark that this
paper presents some insights of the reanalysis of the actions and
operations of the activity SA [17]. In addition, the consideration of
the reports of the critical incidents is a rich source of
understandings of SA in context [18]. Moreover, the relevance on
using the senses to discover the environmental elements is by using
the scanning [8]. This is a process of seeking information from
their sources; in this particular case, the sources were the events
and it was following certain patterns of information seeking as
static and/or in movement.

The analysis followed an inductive approach to discover
frequent, dominant or significant concepts and themes from the raw
gathered data, which helped on linking them. This data was
prepared for being analyzed in relation to the richness in the
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description of the incidents facilitating the subsequent analysis.
This started with the coding process that served to reduce data on
unit of analysis and to code them. First, an open coding was used to
code interpretively each unit of analysis and the constant
comparative method was employed [19]. The procedure was
iterative until saturation was reached in each category on knowing
what are the environmental elements considered relevant in that
context and what is the significance of SA in this context. Some of
emerged categories were strange sounds, shouts, circles, lines in
crowd, alcohol, gunpowder, etc. Second, the process of axial code
was related to link the categories at the level of properties and
dimensions to develop conceptualizations. The relationships
permitted to uncover relevant themes from those properties and
dimensions. Here, the strategies on information seeking and the
uses of the human sensory system were examples of these themes.

4. ENVIRONMENTAL ELEMENTS

The analysis uncovered diverse environmental elements concerned
with the initial and operational activities of the routine operation at
major events over time. In the initial activities, the individuals were
focused on discover the environmental elements referring to what
individuals and organisations converged in the routine operation.
For example, it was seen when
we (firemen) arrived to the events and looked for the
leaders of the event (organizers of events). We asked
what agencies (other organizations) were present and
their locations. In addition, we asked where we will be
located...The position of the ambulance and the
emergency exits were two things we should know...We
recognized other individuals (from other organisations)
for their uniforms (e31)

Moreover, the individuals sought the vulnerable areas of the
venues and commented at this respect
we (firemen) arrived to the event, we were looking for the
vulnerable places. For instance, they were areas where
people were more rowdy and location of (emergency)
exits and extinguishers (e32)

This was with the aim to locate those vulnerable areas as
mentioned
we (firemen) tried to put away spectators from places
where there were risks located. Sometimes, organizers
did not see those areas and during the events, they did
not make some arrangements to fix those (e32)

Similarly, some individuals were conscious of the use of
guns within the venues and said

we (security responders) were not entering to manage
incidents, we had to stay in the secure corridor (in the
events, it is usual that a corridor is located along the
venues to facilitate the movement of safety and security
individuals). We were using guns and may be dangerous
for us and spectators (e38)

Furthermore, the individuals were aware of some patterns in
the major events and exhibited that
for example during the children festival, we (firemen)
were aware of weather and the children. It was usual that
some children may be dehydrated for the exposition to
the sun (e31)
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At the same level of importance, they commented that
we (commercial police) should be aware of everything.
We should see the spectators but not the show...in
addition, what was going on near to the stage. We must
be aware of the unexpected situations (e38)

On the other hand, in the operational activities (the routine
operation and the management of routine and contingent incidents
at major events), the environmental elements were in strong
relation to the human sensory system used to gather environmental
information and the information seeking strategy. These were
under diverse themes as follows

a. Related to the information seeking strategy: static
(mediated by technology), static (mediated by abstract
tools), in movement (mediated by technology), and in
movement (mediated by abstract tools). This means that
individuals sought information from static positions or in
movement along the venues as well as using technology
or not in that process.

b. Related to the uses of the human sensory system within
the information seeking strategy: sonorities, visuals and
scents.

It was seen, for example, when

in an event in which people are dancing and there are some
individual frictions between people from the same social
status, only we need to observe their behaviors in case of
starting fights(el7)

Specifically,
always we are watching and specifically to individuals who
exhibit strange behaviors(el7)

Additionally,
in a fight, people move from the place where the fight take
place(1Ent17)

For this,
when there is a fight in a concert, considering the venue is
closed, people start to shout and we easy locate the place(el7)

So, in the table 1, the environmental elements discovered
using the auditory system. The table 2 presents the environmental
elements uncovered using the visual system. The table 3 exhibits
the environmental elements detected using the olfactory system.

Tabla 1. Environmental elements discovered by the auditory

n seeking individual
strategy Circle | behaviors Colors | Line | Stamped
s s e

Static. X X X X X
Mediated
by
technology

Static. X X X X X
Mediated
by abstract
tools

In X X X X X
movement.
Mediated
by
technology

In X X X X X
movement.
Mediated
by abstract
tools

Tabla 3. Environmental elements discovered by the olfactory

system
Chemica
A
solvents
or other
Information seeking strategy | Alcoh | Gunpowde | aromatic
ol r chemical
s
Static. Mediated by
technology
Static. Mediated by abstract X X X
tools
In movement. Mediated by X X X
technology
In movement. Mediated by X X X
abstract tools

system
Strang | Shouts Panic
Information seeking strategy e Words

sounds
Static. Mediated by technology
Static. Mediated by abstract X X X
tools
In movement. Mediated by X X X
technology
In movement. Mediated by X X X

abstract tools

Tabla 2. Environmental elements discovered by the visual system

Crowd
movements
Informatio and
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5. CONCLUSIONS

In this paper, the significance of SA in the naturalistic, dynamic,
complex and time constrained context as the routine operation of
major events and the environmental elements was explored and
their environmental elements were uncovered. From the findings, it
was discovered principally that 11 environmental elements were
relevant within the demanded SA in context. These elements were
the result of four information seeking strategies using three human
sensory systems. However, it is important to remark that in the
visual system, some of these environmental elements were included
in the SA. This means that individuals used technology to create
and maintain SA over time. Otherwise, the individuals preferred to
use the majority of the human sensory systems to create and
maintain SA. On the other hand, it is important to remark the
significance of SA in the context treated here. For example, it was
seen when the individuals arrived to the events and in order to
achieve their organizational goals, they started to create and
maintain SA. They embarked this process on discovering the
organizations that converged in the events and their positions; the
threats and hazards within the venues; the vulnerable places; the
behaviors of the spectators; the unexpected situations, etc. These
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provided information to make informed decisions during incident
management and/or the routine operation at major events.

Specifically, the discovery of those environmental elements
included in the SA demanded in context had theoretical,
methodological and practical implications. Referring to the
theoretical implication, those elements had strong relation with the
context so that these led to the creation and maintenance of the SA.
These elements also put on manifest that SA could be considered as
a product and as a process. It is because the environmental
elements served to obtain information to comprehend what is
happening in the context; but similarly, these elements were
employed to be in continuous interaction with the context on
creating objective meanings of it using the human sensory systems
(auditory, visual and olfactory).

Referring to the methodological implications, the approach
taken has been proved as a feasible tool to study SA. Specifically,
the activity theory helped to uncover the influences of the context
by discovering the relevant environmental elements included in the
SA demanded in context. This confirmed that the activities
performed by individuals are in strong relation with the context
where their tasks take place. In addition, the use of three methods
to gather data provided enough information to obtain a holistic
view of what is happening in the routine operation at major events
over time. This helped on understanding what environmental
elements were crucial to create and maintain SA in context.
Furthermore, the frame employed provided additional factors that
were relevant in context. For example, the responsibility implied in
the creation and maintenance of SA over time.

The practical implications are uncovered in the uses of
those environmental elements in the development of knowledge
and abilities of the individuals implicated in the routine operation at
major events. Training is one way to achieve this. Moreover, the
comprehension of what environmental environments were
mentioned by whom put on manifest the relationships between the
organizational goals and the information seeking strategies using
the human sensory systems.

To sum up, this research helped on uncovering the
significance of SA in this context and it started on discovering
those environmental elements included in that SA. Additionally, it
is significant to investigate SA in a different context as usual (far
removed from the military, command and control areas). It
provided additional insights of SA referring to the employing of the
human sensory systems in the information seeking strategies used
by individuals in context. On the other hand, it is suggested that
additional research is needed to explore these issues involving
additional personnel from other organizations that were excluded in
this study and considering other major events in Mexico and
alternative countries.
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Resumen

El presente es un estudio descriptivo transversal sobre la
evaluacién ergondémica en una estaciéon de trabajo dedicada al
purificado de agua, lavado y llenado de garrafones atendida por tres
operarios para identificar riesgo de desérdenes por traumas
acumulativos (DTA’s). Se tomaron en cuenta los siguientes
factores: métodos de trabajo y condiciones ambientales
ergondémicas. Los métodos aplicados fueron (FCD) Fuerza de
Compresion al Disco, el método RULA Y ERGOTEC. Los
resultados obtenidos muestran la existencia de riesgo de dafio
musculo-esquelético, predominando la tension muscular, dolor de
espalda, lumbalgia, degeneracion de los discos, sindrome de
vibracion, bursitis, tendinitis y manguito rotador. El trabajo
presenta también propuestas para disminuir el riesgo y para mejorar
la productividad , sugiriendo cambios a corto y mediano plazo.
Palabras clave— Lesion, riesgo, puesto de trabajo.

Abstract

This is a descriptive study on the ergonomic assessment in a
workstation dedicated to purified water, washing and filling jugs
served by three operators to identify risk of cumulative trauma
disorders (DTA's). Ergonomic working methods and environmental
conditions: the following factors were taken into account. The
methods used were (FCD) Compression force to drive the RULA
And ERGOTEC method. The results show the existence of risk of
musculoskeletal injury, predominantly muscle tension, back pain,
back pain, disc degeneration, vibration syndrome, bursitis,
tendonitis and rotator cuff. The paper also presents proposals to
reduce risk and improve productivity, suggesting changes in the
short and medium term.

Keywords— Injury, risk, work.

Relevance to Ergonomics:

Contributes to the study of vulnerable groups and due to its
characteristics of being a low-paid job, is not given the importance
of injuries that can be generated in the production process workers,
but specifically for the female gender and allowed us to
demonstrate the importance of understanding the variables that
determine the productive activity of to integrate subsequently these
elements to design prevention strategies and tasks.

1. INTRODUCTION.

Ergonomics as a science or discipline helps people adapt the
environment depending on their size, needs and interaction with the
environment through scientific determination of the creation of
jobs. [1].
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Currently exist diverse research of ergonomics and outstanding
scholars such as Juan José¢ Cafas contemporary author, researcher
at the University of Granada known for its high contribution to
cognitive ergonomics. [2].

1.1 Justification

In Purifier SA de C.V. workers were suffering physical ailments,
specifically, discomfort in the arms, neck and back after a working
day of 8 hours from Monday to Saturday, arguing that their aches
and discomforts were caused by repetitive manual lifting of flagons
of 20 liters. Based on the above, we proceeded to conduct this
study to identify whether there was a risk of Cumulative Trauma
Disorders acquire, hereinafter referred to as DTA's in the
performance of their work. [3].

Contributes to the study of vulnerable groups and due to its
characteristics of being a low-paid job, is not given the importance
of injuries that can be generated in the production process workers,
but specifically for the female gender and allowed us to
demonstrate the importance of understanding the variables that
determine the productive activity of to integrate subsequently these
clements to design prevention strategies and tasks.

1.2 Objetive.

> Assess-through methods Ergonomic risk factors present
in the development and distribution of purified water.
> Provide Opportunities for improvement in the process of

production and distribution of purified water-through an
ergonomic assessment.

> Evaluating the diseases that can be derived from the
repeatability of the process of production and distribution of
purified water Having employees as references to WHO work
Within the same company.

2. METHODOLOGY.

We are analyzing the three workstations that make the company
Purifier SA are evaluated de C.V. dedicated to the production and
distribution of purified water. Each station is staffed by an
employee aged in a range of 25-40 years, of medium build. Note
that the longest duration of employees is six months.

Risk factors of the process of production and distribution of
bottled purified water, were evaluated in a working day of 8 hours.
Monday through Saturday from 10:00 a.m. to 6:00 p.m.

2.1 Process.

The customer arrives at Water Purifier and places his jug on the
counter. The jug is placed in front of the shelf and removed with a
blade seals and / or nozzle caps jug and placed in the trash.The jug
is placed in the sink and washed out with soap and soft fiber and
rinsed with purified water
The jug is visually inspected if you have any imperfection will
repeat step.

It inspects the jug not present stains, and let stand 10 to 5 min.
depending on the stain. The jug upside down and placed the tray to
rinse the area with purified water runs through the stopcock is
opened for the jug, while the jug is rotated is drained rinse. The
ozone generator Lights. [4]. Figure 1
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Figure 1. The ozone generator Lights

The jug to wash table is carried jugs and placed, by means of a
breaker trips while the jug is rotated, the jug is lifted and placed
diagonally, is introduces the jug drill brush and washed inside, the
drill is removed brush and brush handle is inserted perfectly
remove impurities. Figure 2.

Figure 2. Section soap upside down.

The jug on the table for filling jugs transported placed under the
key and the stopcock is opened so that the jug is full.
When the jug is filled, the stopcock is closed and turns the ozone
generator is pulled about 8 cm.

The jug back and the cap is placed take the jug to the receipt and
delivery area by placing it on a twister, with a cloth excess water is
cleaned outside, while the jug is rotated. [5]. Figure 3.
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Figure 3. Lights the jug is rotated.
3. METHODS

The first method to use is ERGOTEC estimating risks are
performed based on the checklist which focus on four areas:

 Execution at work

* Risk of injury by DTA

* Injuries manual material handling
* Metabolic expenditure

The possible results of this estimation are jobs classified as low,
medium or high risk, which facilitates the prioritization of
problems.

Rula McAtamney and Corlett (1993) [6] present a method known
as RULA (Rapid Upper Limb Assessment). This method was
developed to investigate the risk factors associated with upper
extremity disorders.

3.1.1 PLIBEL.

It is a method of risk analysis musculoskeletal injuries designed as
Checklist Checklist, or you just answer yes or no with relevance in
five regions of the body:

* Neck Shoulders and upper back
* Elbows, forearms and hands

* Feet

» Knees and hips

* Low back.

3.1.2 NIOSH

The back injuries attributed to manual lifting activities object
remains one of the main interests of preventive.

3.1.3 ERGOTEC.

Occupational medicine and ergonomics. Despite control efforts,
including programs for workers and methods of work, back injuries
remain a significant percentage of human suffering and economic
costs.

3.1.4 Compression force disc 15 / sl (fcd).

The biomechanical model presented by Chaffin and Anderson
(1984) may be used only to determine the compressive strength of
disc L5 / S1 during a lifting task, but does not predict the force
during a survey to pan or tilt.
Metabolic energy expenditure.

When physical activity increases, the muscular energy demand of
this chemical also increases and the body responds by increasing
cardiac and breathing rate, muscle when requirements are not met
(the metabolic energy expenditure exceeds the body's ability to
produce energy: this Aerobic capacity called Maximum Power),
physical fatigue occurs and can develop a stroke. Physical fatigue
compromises the accuracy, productivity and worker safety.
Software: Metrixx, Which Applies the technology of virtual reality
for the ergonomic evaluation of different workstations and esta can
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be Assessed by different risk of cumulative trauma occurrence of
damage or fatigue. [7]

4. RESULTS.

After performing the analysis through the DTA'S Ergonomic
methods that can originate from the workstations belonging to the
process of development and distribution of purified water that came
through the use of Metrixx Vr software. The results were Figure 4.

FCD
NIOSH ' u ERGOTEC
uRULA
PLIBEL = PLIBEL
‘ ‘ NIOSH
RULA W 250D
ERGOTEC

0% 0% 40%  60%  80%  100%

Figure 4. Section soap upside down.

5- CONCLUSIONS.

In evaluating our procedure through Ergonomic methods, the risk
factors identified in the development and distribution of purified
water, based on the results changes recommended in the process of
production and distribution of purified water that meets physical
needs of working, i.e. it ergonomic. Here are some measures are
suggested to provide opportunities for improvement in the process
of production and distribution of purified water through an
ergonomic assessment.

More effort is detected to load because the tables filling and
delivery, have a height of greater height range of the dependent, so
it is recommended ergonomically adapt those tables or adjust the
floor level with a platform to avoid that unnecessary lifting.

Adjust staffing requirements in the recruitment of staff taking into
account the physical characteristics (age, weight, gender, and
height) as study conducted it was noted that the person studied had
increased wear due to its low weight, gender and short stature.
Based on DTA's identified the following recommendations:
* Maintain a good posture when sitting or standing being.
» Exercise regularly (with proper stretching exercises before
starting).

* Maintain a healthy weight.

* Reduce emotional stress which may cause muscle tension.
» Use daily safety equipment and hygiene requirements (lumbar
belts, safety shoes, cap, surgical mask and apron), this in order to
safeguard the physical integrity of the employee and the hygiene of
the final product. [8]
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Abstract

This paper analyzes the multi-causal factors, from an ergonomic
perspective, that in the current competitive environment are
emerging and which involved and increasing in the statistics of the
MSDs, with its relative decline in the competitiveness of the
production plant and increased chance of generating health
problems in the operator which is active in the work stations
implicit in the intermittent production systems of line flow.

Keywords: Assemble, MSDs, Work.
Contribution to Ergonomics:

Maintaining a number of features and actions taken in human -
machine interaction for these are the generators of the conditions
for the emergence of MSDs allows structuring improved ergonomic
programs to reduce or minimize the adverse conditions in each
workstation, involves a pragmatic starting point and substantial
support to the science of ergonomics.

1. INTRODUCCION

The continuous interaction between the scientific - technological
and highly competitive market requirements generates a highly
demanding productivity and efficiency in current production
processes [1], which in the last link in the production line impacts
the system synergistic relationship of man — machine and the
likelihood of complications in muscle - skeletal systems generated
rises and thereby presents what is called musculoskeletal disorders
in the operator[2].

Musculoskeletal Disorders (MSDs) are work-related
occupational diseases of major social economic impact of today
[3]. However the efforts made by social security institutions, the
research centers devoted to the subject do not reflect a convincing
and appropriate response to the current needs of modern production
processes, with the requirements and needs of the production
processes flows online, mostly causing MSDs.

The data recorded in the Mexican Social Security
Institute (IMSS), in their national statistics, frames a ratio of 3.6%
of occupational hazards with respect to affiliated workers and for
the case of Sonora this ratio increases to 4.6%. In this regard the
MSDs represent 1.6% of total labor risks, coupled with the 65% of
these risks arise due to the ergonomic shortcomings of workstations
where operators do their activities [4]. This situation requires the
creation of pragmatic actions directed to the framing designs
according to ergonomic criteria[5].

2. OBJECTIVES
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This research involves the aim of describing a causal relationship
between workstations under study and Musculoskeletal Disorders
(MSDs).

3. DELIMITATION

The research work was developed in the assembly plant,
manufacturing and export industries, located in northeastern
Sonora, specifically in those intermittent production lines with
inline flow for their own requirements, was incipient need to keep
workstations where there is a synergistic and interdependent
relationship between operator and machinery.

In turn, the preliminary study development has identified
a problem situation which is defined as: "The absence of a causal
relationship between the MSDs and the ergonomics and
biomechanical systems of man - machine, workstations that
integrate intermittent production processes with inline flows”.

This implies that the research effort to establish in this
guideline, framing a pragmatic action on the target and with that,
achieve an answer to the following research hypothesis: “Is the
MSDs increase mainly due to the design of workstations, where it
is not considered ergonomic guidelines?”

4. METHODOLOGY

The scientific basis thereby validating this research is supported by
the following set of research tools:
The analysis of the general to the particular, to define the
characteristics of the object of study; from simple to complex
to describe the causal relationship workstations under study and
MSDs.
The analysis of the abstract to the concrete to the theoretical
foundation of the scientific problem.
Method of analysis - synthesis, which is used throughout the
research process for the review of the specialized literature and
synthesizes results.
Inductive - deductive method, which is used to make
generalizations about the object of study and to form the
theoretical framework used as the basis for this investigation.
For experimental development 180 workstations with manual
assembly with ergonomic assessment methods ERIN [6] and
SETEM [7] were analyzed determining scores on each workstation,
coupled with an epidemiologic study of this structure in
conjunction with the health department in the company, setting the
statistics of different pathologies that occur in the analyzed stations.

The multi- causal analysis shows that pathologies found are
directly related to scores on ergonomic assessment methods used.
The synthesis developed in research, shows sufficient evidence that
correlates the high-risk workstations where scores that are
considered high were found and the onset of MSDs were obtained.

5. RESULTS

The results obtained during the research process, reflect the
conditions under which the workstations that do not consider the
ergonomic guidelines in its design, impact negatively on the health
of workers, in generating in a short period of time, a MSDs.

The following table shows the causal relationship
between the worker’s body region analyzed detected, and
statistically significant pathology, the risk of job detected by
ergonomic evaluation methods used and a set of conditions that
somehow are generating further complications to each station
because they increase the demands on the worker.
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Conditions
that increase
occupational
hazards and
increase the
likelihood of

a MSDs

Affec- Occupa-
ted tional
region hazards

Trunk LBP Lifting Short time Cycle
loads.
Postura.l Axis rotation Extreme detail in
kyphosis under load. production.
L Committed
Sciatica posture. Long working hours.
Upper Bursitis Repetitive
limbs . work with Accelerated pace of
Celulite bent wrist. work
Use of
vibrating Production quota.
Tense neck tools
or shoulder Overload of
the spine and
Osteoar- other joints.
thritis Use of hand
Bilateral tools
carpio
Tunnel
syndrome

Fig 1. Table of multi-causal relationships.

The research carried out shows that in conjunction with
the conditions of the workstation that involve the appearance of
MSDs, which are considered -classics: repeatability, forced
movements, committed posture, movement frequency, strength and
cargo; they are implying a set of new adverse conditions to the
worker and which are generated mainly by highly competitive
environments in which they operate in today's market.

All the new conditions are given for short times and
controlled cycle times; extreme detail in production, long working
hours and overtime involving new shifts. All this together generate
the operator having less freedom of movement and decision,
leading to a more monotonous work, increasing occupational
hazards and less identification with the workstation.

6. CONCLUSIONS

The main conclusions that have been reached with the research
development of this work are given by the following:

e  The research work shows that with high scores on the
application of ERIN and SETEM there is an increase in
MSDs in work stations analyzed.

e  There is a causal relationship between the workstations in
which design is not considered the ergonomic guidelines,
and increasing the MSDs.

e The table shows that, conditions of causality between
workstations and MSDs under study involve the ability to
generate concrete strategies for ergonomic improvements
that positively impact workstations that consider
conditions framed in this investigation.

e  This results in a substantial improvement in the human —
machine interaction, which implies a significant
reduction in the probability that the operator develop a
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MSD and the productive capacity of the workstation is
increased.
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Resumen

La investigacion es tipo transversal y de aplicaciéon basica, Se
analizaron los factores de riesgo de lesiones por DTA's (Desorden
Traumatico Acumulativo); con el fin de identificar si el manejo del
montacargas afecta la salud de los trabajadores, dando lugar a
enfermedades profesionales. Con el objetivo de evaluar factores de
riesgo presentes en el manejo del montacargas, se realizo la
aplicacion de los métodos: Ergotec, Plibel y Rula. Los factores
laborales considerados fueron: procedimientos, movimientos,
posicion, frecuencia, peso, manejo del montacargas, vibracion,
temperatura e iluminacion. Los personales: edad, género,
antropometria y enfermedades cronicas degenerativas. Los efectos
se clasificaron en bajo, mediano y alto riesgo. Con la base en los
resultados obtenidos se modifico el procedimiento de uso para el
cuidado y desempefio responsable en el manejo del montacargas.

Palabras clave— Lesion, riesgo, trabajo.

Abstract

Research is transversal and basic application type, the risk factors
of injury were analyzed by DTA's (Cumulative Traumatic
Disorder); in order to identify whether the elevator management
affects the health of workers, resulting diseases. ERGOTEC, Plibel
and Rula: In order to assess risk factors present in the handling of
the truck, the application of the methods was performed. The
occupational factors considered were: procedures, movements,
position,  frequency, weight, handling forklifts, vibration,
temperature and lighting. Personal: age, gender, anthropometry
and chronic degenerative diseases. The effects were classified into
low, medium and high risk. With the basis of the results obtained
the production process was modified and workstation redesign.

Keywords— Injury, risk, work.

Relevance to Ergonomics: This study allowed us to demonstrate
the importance of understanding the variables that determine the
productive activity of to integrate subsequently these elements to
design prevention strategies and tasks.

1. INTRODUCTION

For organizations to be competitive today must maintain high
standards in quality, price and convenience, specifically focusing
the consumer. However, to achieve its objectives, it is important
that the working conditions in the different production processes
are appropriate for their relevance as important factors in
efficiency. Ergonomics as a science or discipline helps people
adapt the environment depending on their size, needs and
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interaction with the environment through scientific determination
of the creation of jobs. [1].

Frederick Taylor takes the first steps in working ergonomics with
his "scientific organization of work", which applies the basic
design working tools such as blades of different shapes and
dimensions. [2], European countries mainly worked heavily in
ergonomic research to improve the life of the worker, which served
as a reference for Mexico is interested and involved in this issue.
Currently exist diverse research of ergonomics and outstanding
scholars such as Juan José Canas contemporary author, researcher
at the University of Granada known for its high contribution to
cognitive ergonomics. [3]. Vehicles forklifts are widely used in a
lot of operations. The dimensions and capacity of these vehicles are
also highly variable.

1.1 Main problem when maneuvering the truck .

The present study was conducted in a company metalworking,
because forklift operators expressed feeling intense back pain and
muscle aches in the lower extremities and in various areas of the
body. The forklift operator job, not just about managing it, also the
worker has to lift, load and unload objects of size, shape and
different weight.

To perform its functions, the workers have the personal protective
equipment provided by the company (safety shoes, ear plugs and
safety glasses back gloves thread). The supply of materials is
performed in cardboard boxes that are placed on one side of the
machine on a wheeled base, and has side supports materials often
tend to fall is also at ground level, so that the operator must bend,
take the parts and supply the machine. Figure 1.

Figure 1. Problem position on the forklift.

This operation was considered a high risk activity, fundamental to
the operation of the service, where workers often expressed back
pain and muscle aches, different positions and repetitive
movements in the performance of their work. However, he was not
given the importance and came to be considered a "natural and
normal" consequence of work. This issue had an impact on the high
staff turnover as a central problem. Fatigue, stress and boredom
charged advantage against the desire and willingness to work, the
reduction of effort and attention daily activities.

Risk factors of injury were analyzed by DTA's (Cumulative
Traumatic Disorder); in order to identify whether the forklift
handling affects the health of workers, leading to diseases
professional. The ergonomic evaluation was performed with the
application of methods: ERGOTEC, Plibel and Rula. The
occupational factors considered were: procedures, movements,
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position, frequency, weight, handling forklifts, vibration,
temperature and lighting.

Personal: age, gender, anthropometry and chronic degenerative
diseases. The effects were classified into low, medium and high
risk. With the basis of the results obtained the production process
was modified and workstation redesign

1.1.1 Problems in the movements of the feet when handling
forklift.

The ankle joint or tarsal lukewarm, is the distal joint of the lower
limb. Determines the movements of the leg in relation to the foot in
the sagittal plane. Is not only necessary but essential for progress,
whether this takes place on level ground, as if developed in rugged
terrain.

It is a tight joint, which suffers significant limitations, since the
single-leg supports the entire weight of the body, even increased by
kinetic energy when the foot contacts the ground at speed during
walking, running or receiving the jump. Figure 2.

Toaree §

§ MOTORES CARBURADOREN

[ e

Figure 2. Problem position on the forklift.

Actually the ankle joint is the most important. This set of joints,
with the help of the axial rotation of the knee, has the same
functions as a single joint of three degrees of freedom, which can
be consulted plantar arch in all directions to suit the rugged terrain.
Determines the orientation of the foot so that lets you "look" either
directly downward, outward or inward. By analogy with the upper
limb, these movements are called pronation and supination.

The act of entering and exiting vehicles caused a significant
number of accidents. The poor design of truck drivers causes jump
and sometimes suffer sprains ankle or knee. Also bad design can
cause drivers have to stretch or bend to be able to accommodate
within the units.

1.1.2 Knee problems getting in and out of the truck.

Flexion-extension is the main knee movement its amplitude is
measured from the defined reference position. In fact, there is no
absolute extension, since in the reference position lower limb is at
its maximum elongation state. The amplitude of knee flexion is
different as the position of the hip and agree to the terms of the
movement itself.
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The knee is subject to large lateral forces and the structure of only
ends represents said mechanical violence, so when creating a
design it were that the links given the highest possible strength,
because if the actuators receive most strength then your
performance down. Figure 3.

th truck..

1.1.3 Vsibility problems maneuvering a forklift.

Poor visibility is a key issue in relation to most designs forklift. In
the field of obstructed view forward, forklift driver has no choice
but to drive back. While driving back can help solve the visibility
problem creates another problem. The Driving back requires the
operator to rotate his neck and shoulders, keeping one foot on the
pedals of a hand on the wheel, far exceeding the permissible limits
for neck positions [4]. This type of bending and twisting of the
upper body has been linked to serious long-term damage. Many
companies that use forklifts have tried to reduce some of the
problems associated with driving back through the installation of
central and side mirrors in the hope that this would allow the driver
to see the back of traveling without turning head and trunk. Figure

The side mirrors only provide a view of the back on one side of the
truck and can become dangerous if the mirrors stick out too far
from the forklift, especially in narrow aisles.

The use of mirrors not delete looking back because there are many
blind spots that fails to cover the mirror because they offer only a
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thin slice of visibility from the rear, distorts the image and depth
perception, and invite workers not to look in the direction of travel.
The location of the controls is important for comfort and less
fatigue throughout the work shift. The equipment controls are
located in the cockpit to reduce to a minimum the operator
movements and awkward postures and located within areas of
visual access. Figure 5.

Figure 5. Visibility problem on the forklift.

2. METHODOLOGY.

The workers were suffering physical ailments, specifically,
discomfort in the arms, neck and back after a working day of 8
hours from Monday to Saturday, arguing that their aches and
discomforts were caused by repetitive manual lifting of attachments
for forklift. Based on the above, we proceeded to conduct this study
to identify whether there was a risk of Cumulative Trauma
Disorders acquire, hereinafter referred to as DTA's in the
performance of their work. [2].

The following objectives are considered:

e Assess through methods Ergonomic risk factors present in the
handling of the truck.

e  Provide opportunities for improvement in the handling of the
truck. Through an ergonomic evaluation.

e Evaluating the diseases that can be derived from the
repetitiveness of the management process of the truck, with
the references to employees who work within the same
company.

2.1 Material and methods.

The study population were seventeen forklift operators in the
pressroom. Data were collected directly in the workplace and asked
that the task developed regularly, it is important to mention that
workers study showed a favorable attitude and voluntarily agreed
to participate, with availability and showing great enthusiasm.

Measuring instruments.

1 - ERGOTEC listings verification method.
2 - listings verification method plibel

3 -.listados verification method rula

Variables assessed work.
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Procedures,

* Movements,

« Position,

* Frequency

» Weight,

» Managing forklift

* Vibration,

» Temperature

* Lighting

Variables evaluated worker

* Age,

* Genre, chronic degenerative diseases
» Anthropometry.

Evaluation criteria:

« Identification of body postures.

* Time remaining cake or sitting.

* Work shift.

* Postures to make do homework.

« the metrix- vr software was used for the calculations.

2.1.1 Method ERGOTEC.

Dr. Enrique de la vega created the basis of ERGOTEC method of a
method performed by the joyce design team training institute in
1992, the ergonomic evaluation of this method is done with a
checklist for the collection and evaluation of data. The list contains
only meaningful questions. The possible results of this evaluation
are the jobs classified as low, medium or high risk.

The first study was conducted in the area of the container where the
parts below the waist of the operator and this means that each
operator has to bend too much and thus causes back pain [4].

The operator has to find the exact location of the burden of the
pieces with your hands and put down the feeder of the machine and
the weight of the pieces, movements have to do to pick up the
pieces and put them to transport feeder causes pain and tired wrists.

2.1.2 Method Plibel.

Although called a method actually plibel is a checklist given by
kemmlert (1995) to identify ergonomic hazards.
The checklist questions no detection areas most likely to risk of
injury (DTA's s) sum of responses are formatted with answers and
if they are considered higher risk of injury to the dominant muscle

group.

The checklist was designed so that the questions usually verified in
the workplace ergonomic risk assessment, are listed and is set to 5
corresponding to regions of the body (neck, back, upper limbs, feet,
knees , thighs and lower back).

The list consists of questions about working poor posture, poor
design of tools or workplace stressors or organizational and
environmental conditions. In plibel criterion no activity duration.
2.1.3 Method Rula.

McAtamney and Corlett (1993) present a method known as Rula

(RA upper extremities). This method was developed to investigate
the risk factors associated with disorders of the upper extremities.
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This system for the review of the positions in the conditions that
generate fatigue work, because the procedure involves determining
the angles between the body parts, the first step is the observation
he leaned in pictures.

The result is determined by scores of relationship also developed
taking into account the type of the applied force and muscle
activity, from which emerge the relevant recommendations
specified by the level of risk.

2.1.4 Anthropometry.

It is considered as the science that studies specifically measures
human body, in order to establish the differences between
individuals or groups. The dimensions of the human body vary by
age, sex, race and even the working group.

A key example is the difference in average height between
countries and variations within the same groups to consider a study
of the dimensions of the human body must be classified into two
main types: structural and functional.

2.1.5 Environmental conditions.

The workplace, machines, available with the environment,
interaction with other operators and how to operate significantly
affects their performance and their feelings of comfort. However,
these environmental conditions are "visible", the operator can see
and affect in terms that limit their actions, their judgment and their
immediate perceptions. [5].

But there are less tangible aspects in the environment, including
lighting, forklift handling and temperature.

2.1.6 Noise.

The sound level throughout the day is variable, from the analysis
with the physical environment and the environment as a forklift
handling section, we can see that the intensity at which operators
are subject goes beyond the limits Sound is also the speaker [6].
Despite using earplugs when operating the forklift are exposed to
harmful noise for your health.

3. RESULTS.
3.1 Noise.

The worker is exposed to 88.5 dba for a period of 5-6 hours at 100
dba for 2 hours (data provided by the department of health and
safety).

Note: The value of 0.75 was obtained by linear interpolation of the
table shows data management allowed.

3.2 Temperature.

The climate in the area is at a temperature of 27 ° ¢ with a humidity
of 45, taking global warming and the current temperature of 0.6 m /
s wind chill is warm, ventilation devices are not adequate because
no fans or air conditioning and measures implemented thus not
regulate exposure limits, workers do not wear clothes for protection
from heat.

Finally, the results highlight arms and wrists, some people
expressed their grievances to a lesser extent by the movement of
your hands. ERGOTEC = 75%> HIGH RISK When physical
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activity is increased, muscle energy demand also increases and the
body responds by increasing heart rate and respiratory rate.

3.4 Evaluating our procedure through Ergonomics Methods.

Risk factors present in the truck, based on the results changes
recommended in the method that suits physical needs of workers, ie
it ergonomic identified. Here are some measures are suggested to
provide opportunities for process improvement:

Method Plibel.

1 60-80
i 40-60
M 20-40
w020

More effort is detected to load because the delivery tables, have a
higher level of operator, so it is recommended ergonomically adapt
those tables or adjust the floor level with a platform to avoid this
unnecessary lifting.

Exposure to driving the forklift must not exceed the maximum
sound pressure level of 140 dba, and as you can see, the dose of
handling forklift is 166.67 was obtained, indicating that the worker
is prone to injuries this condition, which is derived from the shock
caused by the same presses and the sound emitted by the exhaust of
compressed air at low pressure.

Adjust staffing requirements in the recruitment of staff taking into
account the physical characteristics (age, weight, gender, and
height) as study conducted it was noted that the person studied had
increased wear due to its size and weight.

3.5 High exposure to vibration.

First, for periods of work identified: 80% of the workday operating
the forklift; secondly, by the state of the forklift, especially
functional problems and generally by the operating technical
condition (loss of damping layer tires).

Driving the truck is related to warehouse management tasks,
specifically in mobilizing product. Here, the main risk of spinal
problems are associated with exposure to vibration and maintaining
prolonged sitting posture [7].

4. CONCLUSIONS

The intensity of exposure depends on two external factors: first, the
tire condition and floors. Secondly, the position adopted work
(driving demands and position of head, back and neck) depends on
the levels of storage pallets (between ground level and 9 m,
approximately); by level several limitations in terms of visibility
and visual field available are presented, are also linked to the
presence of aid elements (especially driving in reverse). Figure 7.
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Result of ergonomic Methods, Risk of
acquiring DTAs.

@ Degeneracion de discos
® Hernia de disco

W Lumbalgia

H Lumbar estenosis

& Sindrome de vibracion

W Tension y torcedura de
cuelloy espalda

Based on DTA's identified the following recommendations:
* Maintain a good posture when sitting or standing being.
» Exercise regularly (with proper stretching exercises before
starting).

» Maintain a healthy weight.

* Reduce emotional stress which may cause muscle tension.
» Use daily safety equipment and hygiene requirements (lumbar
belts, safety shoes, cap, surgical mask and apron.), this in order to
safeguard the physical integrity of the employee and the hygiene of
the final product.

This study allowed us to demonstrate the importance of
understanding the variables that determine the productive activity
of subsequently these elements to design prevention strategies and
tasks.
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Resumen

Esta investigacion se realizo en una panaderia, donde se elaboran
donas, entre otros panes. Para su elaboracion utilizan una
herramienta de mano de lamina galvanizada, en forma de dona, con
un didmetro de 10 centimetros; la toman con la mano extendida,
abarcando la forma del disefio, para poder golpear el molde sobre la
masa y formar las donas. Anteriormente, en la investigacion
“Aplicacion del  método RULA para el redisefio de una
herramienta de mano” se plantedé una propuesta de redisefio con
acero inoxidable y con dimensiones apropiadas a los trabajadores
que la utilizan. En esta investigacion se evaltia la herramienta desde
la perspectiva del beneficio-costo.

Palabras clave— Evaluacion ergonémica, herramienta de mano,
ingenieria econdémica, panaderia.

Abstract

This research was conducted in a bakery, where donuts are made,
among other breads. For processing using a hand tool of
galvanized sheet, donut-shaped, with a diameter of 10 inches; take
it with outstretched hand, covering the design shape, o hit the pan
on the dough and form donuts. Earlier research "Implementation of
RULA method for redesigning a hand tool” a proposed redesign
was raised with stainless steel and with appropriate dimensions
workers who use. In this research tool is evaluated from the
perspective of cost-benefit.

Keywords—  Ergonomic  evaluation, hand tool, economic
engineering, bakery.

Relevance to Ergonomics: In this research tool is evaluated from
the perspective of cost-benefit, and does not increase with
increasing the production .With an example of how economically
evaluate a new hand tool.

1. Introduction

You need to apply the principles of engineering economics to
determine the feasibility of using hand tools in the development of
donuts once they have been ergonomically designed or redesigned.
When you want to calculate the return on investment [1], it is
necessary to perform three steps: a) determine what has changed
under design b) express changes in monetary units ¢) calculating
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the total benefits against the costs. The application of analysis
benefit / cost will be useful to determine the feasibility of using or
not tools have been redesigned for use in bakeries.

The organization of the subject to determine the feasibility is
as follows: 1. Detection needs 2. Problem definition 3. Finding
information and data collection 4. Determine the possible
alternatives to solve the problem 5. Physical Valuation of each
alternative 6. Select the alternatives 7. Determine costs for each
alternative 8. Determine benefits and benefits of each alternative
against 9. Calculate the benefit / cost each alternative 10.Criterio
decision 11. Deciding feasibility.

2. Methodology

Once the procedure of the benefit / proposed in [ 2] cost , where the
flowchart for analysis benefit / cost described and steps for the
feasibility study [3 ] were revised was revised proceeded to draw a
diagram (1) itself , where the steps to be taken into account in the
analysis benefit / cost of the current tool and the proposed tool are
displayed. With this information the annual yield, which serve to
decide feasibility and use will be determined.

2.1 Detection of needs

To examine the environment around us, as the demands of
performing a task, the development of technology, the economic
environment and social. Analyze a workplace or a tool to determine
whether there is a need to change or improve something. Among
the things you can change fit many options as it is a new product,
changing a process obsolete or inefficient, or redesign a new tool;
the range to make these changes is quite large and is not fully
constrained to simple and easy to implement things.

2.2 Defining the problem:

Must be clearly and concisely also should include everything
needed to define the characteristics of the problem and satisfying
the needs raised above.

2.3 Finding information and data collection

It is necessary to consider the following questions:

. What information do we find?
. To what end?

. Where can we find it?

. To what limit?
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F 3

Problem definition

A 4

Search for information and data
collection

»

v

Identify possible alternatives to solve
problems

v
Physical valuation of each altemative |

Y

Select the possible altematives

F 3

v

F 3

Determine costs for each altemnative

A 4

Determine benefits and no benefits
for each alternative

A 4

Calculate the cost / benefit ratio for
each alternative

rF 3

Y

3

REASON TO BENEFIT / COST

!

Decision

If B/IC » 1; the alternative is feasible
benefits justify costs

Diagram 1. Proposed Steps feasibility study.

Check whether the process, process or tool does not exist in
any other sector to avoid creating a project or give solution to a
problem that has been solved previously.
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2.4 Determine the possible alternatives to solve the problem

The goal is to achieve a set of possible alternatives to using them
manage to satisfy or solve the detected earlier and already raised
the issue needs.

2.5 Physical Valuation of each alternative

Must take into account the following aspects: its realization is
possible from a structural point of view? Are there inputs required
to build option?

If there is it can be made? Are there any limitations that
prevent its realization? By the size of the project, what is
alternative within reasonable limits?

2.6 Select the possible alternatives

Before selecting an alternative we must analyze if the alternative is
physically realizable without taking into account the costs that this
entails, It must analyze whether for selected alternatives which are
physically realizable inputs are needed to build such alternatives;
for labor inputs are mentioned, raw materials, and capital. If there
is it possible to manufacture?; the kind of inputs that enter here is
the raw material as they are the only ones that can be manufactured
for use later ; labor and capital cannot be manufactured only be
limited so enter the next point. As for limitations, here come the
labor and capital, labor, because they often require highly skilled
labor and there is none; in the capital constraints are given as to
what is the limit that can be spent in each of the other inputs and
other expenses contemplated. Often the materials and workmanship
are very expensive. Another limitation is taken into account is the
time because maybe the solution to identified needs are urgent and
do not have the necessary time or just because it is required for a
specific date and cannot be terminated for that day. They must
analyze the project size to select those that are within the limits
thereof either from a monetary point of view as structural or
physical. The second and all subsequent paragraph should be
indented (0.3 inches) as here with no line spacing before the line.

2.7 Determine costs for each alternative

It is necessary to economically evaluate each alternative, to
determine the costs involved in creating each alternative has been
selected in the previous step. Within the classification of costs to be
taken into account are the costs of labor, materials, maintenance,
operating costs, administrative, and facility.

These costs must be quantifiable because they are an
important part to perform after this stage. When calculating the
costs these are evaluated for each alternative have been chosen
which aims to solve the problem that has arisen, but also the costs
should assess for the procedure, tool or system with which it is
working and in which the needs were detected. When calculating
the total cost can be used equivalencies present value, annual value
or future value; the first and last option can be used to equal lives
and the second for different lives. In some cases the costs will be
accurate and elsewhere must be estimated only. Such as in the case
of labor costs are accurate and which figures of exactly what you
pay for using it. For purposes of the calculation will take into
account the sum of the present, future or annual value of costs or
expenses to net interest rate (i).

2.8 Identify benefits and benefits of each alternative against
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It is necessary that the person responsible has a comprehensive
approach that takes into account the most benefit from it as
possible to assign. In many cases the benefits gained from
implementing a new system are difficult to quantify monetarily and
often the engineer or manager to pull it must make decisions based
not on numbers, if not necessarily reasons that are not monetary but
social benefits achieved obtained. Regarding the anti-benefits is at
the discretion of the engineer take them into account or not,
sometimes it is decided to count subtracting the total profits or
adding them to the total costs as the most anti benefits are taken
into account are the administrative expenses , operating expenses ,
cost of raw material and for many these are implicated as against
profits because through them total or benefits will be achieved if
taken into account as costs but this decision depends upon the point
of view or the view of the engineer in charge , but most of the time
are counted as costs and therefore are included in total costs. The
benefits and if taken into account against benefits should also be
evaluated for the procedure, tool or system in which it is operating
and where the needs were detected. Also to calculate the total
benefits are due to use equivalences present value, annual value or
future value and must use the same equivalence was used to
calculate costs.

As noted in the previous step that costs, and the benefits
and against benefits, these are calculated even for the way that it
has detected a necessity, and although it is known beforehand that
the costs will be lower and it is an obsolete long process, these
costs will increase because by becoming a process tool or outdated
system they stop showing advantages and benefits and therefore, it
is necessary to demonstrate why it is necessary to switch to a new
process. For purposes of the calculation will take into account the
sum of the present value, future or annual net income at a rate of
interest (i).

2.9 Calculate the benefit / cost of each alternative

To calculate the benefit / cost of a single project, the following
formula [4] is used:

B VFPbenefits VAbenef VFbenaf
€~ VPcosts ~ Vdcosts  VFcosts

Where benefits act as the numerator and the costs and
benefits against the denominator. It is important to clarify that the
benefit / cost ratio should take account prices rather than market
prices because the latter do not necessarily reflect the socio-
economic opportunities for the whole community that supports the
project. It is also important to note that although there are different
calculator to calculate costs and benefits, most times this value is
used instead of the annual value or future value. Although in reality
it is optional; rather depends of the problem and the problem data.
Taking the value of money over time and as mentioned in [5 ], the
benefit / cost of a project to an interest rate ( i ) is the quotient
obtained by dividing the sum of the present value of the net income
at a rate of interest ( i ) between the sum of the present value of net
expenses to an interest rate (1 ).

2.10 Decision criteria benefit / cost:

Once it has been calculated benefit / cost ratio is reached this step
because you already have the result of a mathematical model which
can yield different results as:

e  QGreater than 1

e Equals1

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

e About 1
e Underl1

The result depends thrown the decision taken in the last
step of this methodology.

2.11 Deciding feasibility:

If greater than 1: the alternative is feasible to perform as the
benefits to be obtained justify the costs or expenses that will be
incurred.

If it is equal to 1: you can accept the application or not
alternative but this depends on the judgment of the engineer and the
decision must take into account non-economic factors.

If it is about 1: you can accept the application or not
alternative but this depends on the judgment of the engineer and the
decision must take into account non-economic factors.

If it is less than 1: definitely the alternative was rejected
because the costs or capital expenditures necessary for their
development outweigh the benefits to be obtained; ie, the benefits
do not justify the costs.

3. Results
3.1 Detection of needs

The competing needs are proposing a new way of carrying out the
process of making donuts and also create a new design tool used in
this activity because the traditional design of the tool presented in
Figure 1, is a cylindrical design, and that when used for an
extended period of time causes pain in the arm and hand, causing a
CTD’s. This is due to the repetitive circular motions that are made
to cut the dough for making donuts. The dough has a thickness of
1.5 inches , so it is absolutely necessary to make several
movements until you can cut the piece ; when a large number of
pieces this work cause arm pain more acutely in hand because the
wrist is performing circular movements and may cause injury to the
hand , known as the " carpal tunnel syndrome”.

The mold (Figure 1) which is currently used is
commercial and is only sold which is made from aluminum; with
this material, the mold is less resistant to oxidation and also as used
to prepare food, aluminum contains lead and zinc, which cannot be
used as tools for the production of products for human
consumption, since it is harmful to health.
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Figure 1. Anti - ergonomic tool.

Dimensions:

1. 9 cm (diameter of the molding).

2. 3 cm (diameter of the center hole to cut the center of the donut).
3. 5.5 cm (height of the mold).

4. 5 cm (height of the center hole of the mold).

It is noteworthy that the upper mold is closed; only the
central orifice is maintained to facilitate cutting of the dough and to
form the part.

3.2 Defining the problem

It is necessary to redesign a new ergonomic tool and a new method
to carry out the development of donuts and once put in use is to
achieve increased productivity and therefore profits. It also aims to
reduce the risk of injuries and illnesses that ultimately is reflected
in earnings. Finally donuts will be developed more quickly and
efficiently. From this point we start to search, collect and analyze
information and data required to calculate the benefit / cost study
and whether the results that she’d be favorable or not to make the
right decisions.

3.3 Finding information and data collection.

According to the standards of safety and quality, ideal for mold
material is stainless steel, although more costly, life is longer like
its resistance to oxidation. Also, if a company wants to be certified
on ISO 22000 standards are those related to food , it is necessary to
comply with all health standards which indicates that all tools must
be made with stainless steel. In a bakery located in the Valle del
Carrizo, anti - ergonomic mold was used to cut the dough for
making donuts and found that the number of parts produced was 26
parts per minute.

3.4 Determine the possible alternatives to solve the problem.

To show that if it is beneficial to use an ergonomic design, a similar
tool was developed only this already has an ergonomic design and
management is easier and more practical. This was developed
taking into account the anthropometric measurements of the hand
and the standard measure of a sample of workers. In Figure 2, is
shown only the front of the new mold and in Figure 3, the mold

shown laterally to observe changes and the front mold. The
dimensions and description of each part of the two figures are
shown below in Figure 2 and 3.

Description:

1) 9 cm (diameter of the mold) .

2) 3 cm (diameter of the center hole to cut the center of the donut).
3) 5.5 cm (height of the mold).

4) 5 cm (height of the center hole of the mold).

Figure 2. Traditional mold.

The proposed mold (figure 2) has the same dimensions as
the ergonomic anti- mold (Figure 1). Only it was added a handle
for maneuvering the mold when pregnant using I (Figure 3).

Furthermore, at the top end where the mold and between
the handle was added , a piece of rubber so that in case that the
hand from slipping from the mold, are not hit as hard when paste
was placed directly on the metal mold is made.

Figure 3. Proposed Tool.
Dimensions of the redesigned tool:

1. 9 cm (diameter of the mold) .

2. 3 cm (diameter of the center hole to cut the
donut).

3. 5.5 cm (height of the mold).

4. 8 cm (handle height added to the mold ).

5. 3.5 cm (diameter of the handle added).

6. 0.5 cm (width cork base added).

center of the
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Pagina 60



Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

3.5 Physical Valuation of each alternative.

Structurally if its realization is possible; materials (stainless steel ,
welding , rubber , lathe, electrodes) and labor ( welder and turner )
to develop the proposed tool are available in the locality and even
affordable price ; the material to be used is stainless steel because
as used in food , health standards mark this as a right for all utensils
and tools that deal with working in an establishment where food is
prepared; limitations that may exist are within the company you
want to improve the process as many times does not seem
justifiable to spend on developing a new ergonomic tool with
which they use if they are getting though not as great benefits like
improved tool ; in volume of the project, this is not great and
perform improved tool is not a big change and involving many
expenses and processes, so that at this point there is no limitation ,
so it is concluded that manufacture is viable.

3.6 Select the possible alternatives.

To select the alternative presented above was based mainly at
normal tool redesign quantifiable benefits which are further
detailed in the application made in a bakery located in the Valle del
Carrizo are obtained; the mold was used with ergonomic redesign
to cut the dough for the preparation of donuts was observed and the
number of parts produced was 34 parts per minute. Finally this tool
for analyzing benefit / cost is selected. The analysis benefit / cost
are spent in an EXCEL template and reference to the data of anti -
ergonomic tool (tool 1) and the redesigned tool (tool 2).

For the tool 1:

Data Current Tool

To the tool 1.

Life applications 12,480(300)(5)=18"720,000

Unit cost per use of | (520%100)/(5%300*12480)=
life 0.0027778

Unit cost for labor (2.3*100) / 3600 = 0.35

Cost of labor per | 0.35%2.3=0.80
second of Use

Sum of labor and unit | 0.80 + 0.0027778
cost tool usage =(.80

For the tool 2.

Life applications 16,320(300)(5)=
24°480,000

Unit cost per use of life (650*100)/(5*%300%16320)
=0.002655

Unit cost for labor (1.76* 100)/3600=0.35

Cost of labor per second | 0.35 * 1.76 = 0.61

of Use
Sum of labor and unit | 0.61 +0.002655
cost tool usage =0.61

The cost difference was calculated by using the proposed
tool. According EXCEL template, where includes rounding.

Difference in cost per 0.80 t0 0.61 =0.19
use of the tool
proposal from

Annuity formula was applied to acquisition cost equal to $ 650.00,
for a value i = 12 % per annum n = 5 Tool Proposal 2, obtaining the
following results:

Annuity as a present
A=P(A/P,i%,n)

P =650

i %=0.12

Number of uses per day

26*60*8=12,480

n =5

A =180.32

working days a year 300
Number of years 5
Cost Tool $520.00

Time use in seconds

60/26 = 2.3 seconds per

3.8 Identify benefits and benefits of each alternative against.

For purposes of this analysis, saving is considered as the profit.
This was determined by taking into account the data of the
proposed tool 2. It is considered as present value to the product
obtained by multiplying the following amounts,
((34*60*8)*300*5)*(0.19) = 46512. If this present value is applied
the formula to determine the annuity, considering a value i = 12 %
for n =5, we obtain that:

Annuity as a present
A=PA/P,i%,n)

P =46512

i %=0.12

n=5

piece

Cost of labor $12.50
For the tool 2:
Data Proposed tool
Number of uses per day 34*60*8=16,320
working days a year 300
Number of years 5
Cost Tool $650.00
Time use in seconds 60/34 = 1.77 seconds per

piece
Cost of labor $12.50

A =12,902.88

3.7 Determine costs for each alternative.

The acquisition cost of the anti - ergonomic tool is $ 520.00, while
the proposed tool is $ 650.00. The costs of cleaning and
maintenance are considered irrelevant. In both alternatives the sum
of labor and the unit cost of tool use was calculated.
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3.9 Calculate the benefit / cost of each alternative.

Finally get the benefit / cost expressed as an annual performance is
obtained by dividing the profit (savings) / cost:
Yearly=12,902.88/180.32=71.55

3.10 Decision criteria.
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Taking the decision criterion when it says that for a project feasible
is having used the benefit / cost, this should be greater than 1. As
taking the case at hand, the annual output is turned 71.55.

3.11 Deciding feasibility

From the results, it is concluded that the proposed tool is feasible to
be used as widely investment is recovered and greatest benefits are
obtained, for n =5 and a value of i = 12%.

3.12 Conclusions

Within bakeries very useful tool to tiring work but instead is used.
The mold for making donuts is a tool that is frequently used in
bakeries; this mold commercially sells only aluminum but which is
less durable and less resistant to oxidation. It was necessary to
redesign the existing tool and thus modify the procedure to carry
out such work and thus to avoid injury to workers and consequently
improve productivity which carries a higher profit margin. In this
case only counted with an alternative for comparison with the anti -
ergonomic tool; data were obtained and with this information the
benefit / cost ratio was calculated;

Only in this way it was determined to be optimal, once
the outcome benefit / cost was 71.55; ie , greater than 1.
With this result, it is possible to interpret that investment is feasible
and that every dollar invested in the redesigned stainless steel tool,
an annual savings of § 71.05 will be obtained. From the results
obtained when evaluating the performance of the tools subject to
this study shows that if the proposed tool is used, although it has a
higher cost, performance is higher as her most parts are produced
by day with a difference of 3840 parts with respect to the current
tool; so the profits from the difference of parts pay the cost of
developing the new tool because if each piece is sold at $ 6.00,
multiplying (3840 * 6), obtained $ 23, 040 of additional income. If
this is subtracted production costs and the cost of the tool is still
even superior utility to that obtained by using the current tool? If
the decision by the non-economic benefits is taken, may be
mentioned as non-economic benefits that an atmosphere of comfort
for the operator is encouraged and, therefore, its efficiency is
higher, there is less risk of work. Also, consider the ergonomic
design of the mold that this benefits both the operator and the
owner, as the operator will help you avoid injuries and poor
performance and reflects the owner not to pay insurance for injuries
work or accidents and is therefore reflected in more profits. The
purpose of this study is to demonstrate that although it is more
expensive to acquire or develop tools based on ergonomic
principles at the end to have these tools running operator generates
more satisfaction and more efficiency in conducting its activities.
Therefore, we choose to implement the alternative proposal
because through it is able to meet the needs arising in the problem
and thereby improve the profits of the company which is the
common goal sought by all companies. Is viable and feasible
redesign ergonomic tool for manual preparation of donuts in
bakeries.
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ABSTRACT

Following the need to install a new production line for a new
product in manufacturing industry arises, results in a production
area without ergonomics analysis for new employees who work in
this line, so it does not have identified risks that may cause muscle
area, muscle risks, physical effort, stretching or awkward postures,
etc that may cause the area.

Keywords
1. INTRODUCTION

This work was developed in a new production line of a
manufacturing company of electronic boards by the need to
implement an ergonomic analysis using the method that best suits
your needs and it is not counted on an evaluation of ergonomics,
not it had identified.

One checklist for identifying risks was designed and based on
the results obtained using the REBA (Rapid Evolution Full Body )
method was established since it was appropriate for the activities
carried out , to make assessments chose by the use of an online
platform and this led to the results can be established by them
corrective actions. It will provide the company with the evidence of
the existence of ergonomic hazards in the work area to eradicate
them in the near future, and meet the standards required corporate
organization.

An example is as Jose[3], in Mexico IMSS reported in 2000
that musculoskeletal injuries constituted only 0.6% of cases of
occupational diseases evaluated during that year, but otherwise
these lesions generated 20% all cases of workers who were
pensioned disability. The great economic impact of these injuries is
because these problems originate many days off for their difficult
treatment and a significant number of relapses and difficult for
workers to be reinstated in their posts. The relationship between
direct and indirect costs of these injuries is 1: 4.

Today, musculoskeletal disorders [4] are among the most
common injuries suffered by workers in developed countries.
Specifically in 2012, the 38.38% of accidents with low, were
caused by overexertion. Ergonomic hazards apart from generating
injury to workers, also raise the economic costs of business,
because they disturb the workplace, resulting in sickness and
incapacity.

The main ergonomic risks are generally produced by the
adoption of stress positions, performing repetitive movements,
manual handling of loads and forces applied during the workday.
The main ergonomic risks are generally produced by the adoption
of stress positions, performing repetitive movements, manual
handling of loads and forces applied during the workday.

1.1 STATEMENT OF THE PROBLEM
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Based on the needs of the manufacturing company has about a new
line without ergonomic evaluation , chooses to implement the
REBA method to identify ergonomic hazards that may affect
employees in the area and in accordance with the requirements
established by the Secretary of Labor and social welfare , in
addition to the health secretary , all areas of a manufacturing
company exposed, should have an ergonomic analysis to identify
the risks to which they are exposed , either awkward postures ,
handling charges , repeatability , stretching, etc.

1.2 JUSTIFICATION

The purpose of this work is to have specific ergonomic risk
assessments for workers who work in this industry, plus get better
benefits in numbers of accidents ergonomic health secretary. To do
ergonomic assessments methods were applied without interrupting
work activities.

1.3 OBJETIVE

The objective of this project is to evaluate the jobs using the REBA
method for detecting ergonomic risks that may affect both the
employe, business productivity and product quality. Identify
awkward postures based motion repeatability etc.

1.4 DELIMITATION

Ergonomic analysis is based on each of the operations making up a
production line.

2. METODOLOGY
2.1 Under study subject:

UTC Building & Industrial Systems is a manufacturing company of
electronic products such as fire alarms and security alarms,
dedicated to the export of its products to countries like the US and
Europe, is currently the largest producer of his company because it
covers more than 60 % of the division.

The project developed in the company, focus on a new
production line, satisfying the need to identify ergonomic hazards
in the line, identifying possible causes that may affect employees in
different workstations that encompasses the line.

2.2 PROCEDURE

The REBA[ 1] method is one of the tools for evaluating
major risks that it covers the whole body, its implementation is
simple, fast and includes both static and dynamic work. The REBA
(Rapid Entire Body Assessment) method has been developed by
Hignett and McAtamney (Nottingham, 2000).

The method presented is a new tool to analyze such positions;
is emerging and is in validation phase although the reliability of the
coding parts of the body is high.

Bears a strong resemblance to the RULA (Rapid Upper Limb
Assessment) method but as it is aimed at analyzing the upper
extremity and works in which repetitive movements are made, the
REBA is more general. In addition, there is a new system of
analysis that includes factors of dynamic and static postural load,
the person - load, and a new concept that incorporates consider
what they call " assisted gravity" for the maintenance of posture
interaction the upper extremities, ie aid that can make gravity itself
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to maintain the position of the arm, for example, is more expensive
to maintain arm raised to have it hanging down but the position is
forced.

2.3 REBA OBJETIVES

e Develop a postural analysis system sensitive to risks
skeletal muscle in a variety of tasks.

e Divide the body into segments to encode individually,
with reference to the planes of movement.

e Provide a scoring system for muscle activity due to static
postures (body segment or a body part), dynamic
(repeated actions, for example greater than 4
times/minute repetitions, except walking), unstable or
rapidly changing stance.

2.4 EVALUATION OF REBA
The parts of the RULA (McAtamney and Corlett, 1993 ) method
body; the group A as shown in Fig.1 includes trunk, neck and legs

and group B is formed by the arms and wrists as shown in Figure 2

Figure 1. Group A.
Hignett y McAtamney (Nottingham, 2000).
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Figure 2. Group B.
Hignett y McAtamney (Nottingham, 2000).

Group A has a total of 60 combinations postural trunk, neck and
legs. The score of Table A shall be between 1 and 9; this value
must be added the score resulting from the load / force whose
range is between 0 and 3 as expressed in Table 1.

Table 1. Load / Force.

¥V load/fueza

[ ] [ 1 | 2 | +1 |
[ inferiorto_ 5%g [ 5-10Kg | >10kg [ rapidor sudden onset |

The B group has a total of 36 combinations for postural upper arm
, lower arm and wrist , the final score of this group , as stated in
Table B is between 0 and 9; this result should be added into the
table obtained grip, ie , from 0 to 3 points as shown in Table 2.

Table 2. Bite.

forearm

1 | 2

wrist 1 2 3 1 2 3

1 1 2 2 1 2 3

2 1 2 3 2 3 a
s 3 3 4 5 4 5. 5
i 4 4 5 5 5 6 7

5 6 7 8 7 8 8

6 7 8 8 8 9 9

- Bite
0 -Otay || 2 - bad | 3- ]

Good zrip asd zrp i I acoeptable grip [ Butno acceptable eTip hmcom fortable without acceptable hand zrip nsing
xrremsth may other bodv party

Results A and B are combined in Table C for a total of 144 possible
combinations, and finally the result of the activity is added to give
the final DRINK result showing the level of risk and level of action,
as shown in Table 3.

Table 3. Activity.

Apuntiacion B

Apuntiacion A

L=0 =0 ] -0 Ul 8 (580 L Ol

P =0 el ] - N (P ) By )
i
=l on |~ fun [ & fu|ra 4

S22 e|m ]~ | fu ha | ===
Sl213e]e|~le o e jwn]< |0

(=]

activity

The score refers to the activity (+1) is added when:
e One or more body parts remain static for example,
sustained for more than 1 minute.
¢ Short Repetitions of a task: for example, more than four
times per minute (not walking included).
¢ Actions that cause large and rapid postural changes.
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When the position is unstable.
2.5 FINAL SCORE

As previously mentioned, the end 144 postural combinations must
be added to the concept corresponding Rating scores load coupling
and activities; This will give us the final score REBA that will fall
within a range of 1 to 15, which will indicate the risk involved in
developing the kind of task analyzed and will indicate the action
levels required in each case, as classified in Table 4.

Table 4. Action levels

action lavel punctuation Level of risk Intervention and analysis positions
(1] 1 n0t pecessEry
1 2-3 Low not necessary
2 47 EaVE me required
3 8-10 stop required soon
4 11-15 very high i i 101

2.5 MATERIALS
The analysis was performed by using a platform of the Institute for
Safety and Health at Work[2]  holding ergonomic assessment

based on the REBA method, which showed us the results more
efficiently, as shown in the picture.

[ @i = Om

wman s e = 'I__'
g
- i S L .

Arsptaars irguserto

Fipwdo del antetnacy cosedn < B0 fexidn °:

Figure 3. Analysis Awkward Postures

It should display a table showing the results of the evaluation are
the risk, if an intervention and traffic light colors qualify through
our risk level is necessary. (Red = high risk, medium risk Yellow =
Green = no risk).

The risk score is rated on a 1-15 scale up in the level of the
same, while the level of action or intervention is measured on a
scale of 0-4 the same ascending order.

3. RESULTS
The analysis was carried out because the line did not have an

ergonomic assessment by reason of being recently implemented a
new process in the company.
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As a result of ergonomic analysis was observed that none of
the workstations has a high level of ergonomic risks generated as
results were favorable.

A checklist was developed based on the activities of each
operation.
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Image 3. Touch up
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Image 5. Production Technician
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4. CONCLUSIONS
Image 8. Assy 2
To implement this analysis was studied afond the REBA method
was instrumental that helped identify with greater certainty the
levels of ergonomic risk that exist in each area, to define more
effective operations with serious ergonomic hazards affecting

Ca) =) Ty Ty o] o
]
o © fwma | o

frumas o presca |

i
ame
eecs

= productivity of staff working in manufacturing industry, this will
— e e help us as a precedent for future ergonomic projects in the
PP | oo sl T IR 7 O company and laid the foundations for better productivity and
e fitness for workers working inside the plant, because they are the
e I i O N engine more important for each organization.
=l = s — e 5. CONTRIBUTION TO ERGONOMICS
e
7 WU S B As time has progressed, technology grow uncontrollably bringing
p— =3 I i B new problems for the safety and health of people, hence the
B fundamental importance of ergonomics as an interdisciplinary

- T
fume ey

== science to address problems that arise every day. It is important to
know the proper methods and techniques work to help workers
increase their quality as a person through this can improve

organizational productivity and improve working conditions.

frumas o pesc |

5
1
o
[Ee—— Fr—— Tl I o s
f
T

eraa

ey

ST
i © fuma | o

frumas o peesce |

oz
Game

-

REFERENCES

cuioa posum

[ 3] Instituto Nacional de Seguridad e Higiene en el Trabajo.
http://calculadores.insht.es:86/An%C3%A 1lisisdeposturasforzadas/
— s — s | Entradadedatos.aspx

[ 4] Silvia Nogareda C. (2001). Evaluacion de las condiciones de
trabajo: carga postural. Método REBA (Rapid Entire Body
Assessment)
https://www.estrucplan.com.ar/Producciones/imprimir.asp?ldEnt
rega=1055
[3] José Luis Vallejo G. (2002). Ergonomia Ocupacional — (lesiones
muscoesqueleticas)
https://www.estrucplan.com.ar/Producciones/imprimir.asp?ldEnt
rega=1055
[4] Prevalia, S. (2013). Riesgos Ergondmicos y Medidas
Preventivas en las Empresas Lideradas por Jévenes Empresarios
http://prevalia.es/sites/prevalia.es/files/documentos/aje_ergono

micos.pdf

Image 9. Tester

e

e e s s s e [ =

v
'
[

e v foms
T

[
Jzic

[F—
T

s b

=y T [omes

o

=

Image 10. Packing

et s e B
SR TG Ty e o R

o
[T

o fmrea | o

Jrucmza o pamca |1

ceeapruss o st an s oo i I
Py Jaaimas
—

=

=

T
el =

© s | o

Imasco Jrucmz o pamca |1

ac carne

:
'

s afncon pia manca zssisnss L [Freremse

b ferts S Tl = o fmes

= l

fmezs

Jomea

Tnage 11. Packing 1

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C. Pagina 67



Ergonomia Ocupacional. Investigaciones y Soluciones. Vol 8 | 2015

Ergonomic analysis of evaluation in a solder
workshop using the Method REBA

Juan Heberto Valenzuela Contreras®., Luis Carlos Montiel
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Resumen

El proposito de esta actividad es identificar los riesgos y posturas
ergondmicas que tienen una soldadura trabajador, en este trabajo se
utilizé el método REBA para evaluar las distintas posturas de los
trabajadores, tales como troncales posiciones, cuello, piernas,
brazos, antebrazos y mufiecas. Con el fin de proporcionar una
mejor seguridad en el empleo en el momento de realizar sus
actividades, reduciendo los riesgos ergondmicos en la postura de no
tener como consecuencias que afectan a sus problemas de salud.

Palabras clave— Ergonomia, Método REBA, Riesgos.

Abstract

The purpose of this activity is to identify risks and ergonomic
postures having a worker solder, in this work the REBA method
was employed to evaluate the different postures of workers such as
position trunk, neck, legs, arms, forearms and wrists. In order to
provide better job security at the moment performing their
activities, reducing ergonomic risks in posture to not have as
consequences that affect their health problems.

Keywords— Ergonomics, REBA Method, Risks.

Relevance to Ergonomics:

This method allows the valuation of muscle activity and determines
the level of risk to minimize or eliminate, to improve the workplace
and increase quality.

1. INTRODUCTION

The method allows the joint analysis of the positions taken by the
upper limbs (arm, forearm, wrist), trunk, neck and legs. It also
defines other factors considered decisive for the final assessment of
posture, such as loading or handled strength, grip type or type of
muscular activity of the worker. Allows to evaluate both static and
dynamic postures and incorporates novelty noted the possibility of
the existence of sudden changes in posture or unstable positions.
Note the inclusion in the method of a new factor which
assesses whether the position of the upper limbs is adopted for or
against gravity. It is considered that this circumstance accentuated
or attenuated, as a stand for or against gravity, the risk associated
with the position. The techniques used to perform a postural
analysis have two characteristics that are the sensitivity and
generality; high generality means that it is applicable in many cases
but probably has a low sensitivity, ie, the results obtained may be
poor in details. However, those techniques with high sensitivity in a
very precise information on the specific parameters being measured
is needed, often have a very limited application. But known to this
day, none is particularly sensitive to assess the amount of stress
positions that occur frequently in the tasks that have to manipulate
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people or any type of animated loading. The method presented is a
new tool to analyze such positions; is emerging and is in validation
phase although the reliability of the coding parts of the body is
high.

2. OBJETIVES

Evaluate employee positions adopted by using the REBA method
to identify and prevent ergonomic risks in the activity. Determining
the risks in a sector of welding.

3. DELIMITATION

The project will be limited, only to evaluate the risk of the postures
of a job and applied separately to the right side and the left side of
the body.

4. METHODOLOGY

The REBA method evaluates the risk of specific positions
independently. Therefore, to assess a post you must select the most
representative positions or for its repetition in time or its
precariousness. The correct selection of the positions determined
evaluates the results provided by the method and future actions.

For the definition of body segments, a series of simple tasks
were performed with load variations and movements. The study
was conducted by applying various methodologies, reliability
widely recognized for ergonomic community, such as the NIOSH
method [7], the Scale of Perceived Exertion [1], the OWAS method
[3]. The application of RULA was central to the development of
the ranges of the various parts of the body the REBA method
encodes and values, hence the great similarity can be observed
between the two methods.

As a previous step to the actual application of the method
should be [4]:

* Determine the period of observation since considering, if
necessary, time cycle.

* Perform, if necessary due to the excessive duration of the task to
evaluate.

* Register the various positions taken by the employee during the
development of the task.

* Identify from all positions recorded those considered most
significant or "dangerous" for further evaluation with the REBA
method.

» The REBA method is applied separately to the right side and the
left side of the body. Therefore, the evaluator at their discretion and
experience, must determine, for each selected position, the body
side that "a priori" means greater postural load. If there are doubts
it is recommended to evaluate both sides separately.

It is necessary to note that for evaluating jobs using the REBA
method should be selected postures more representative of the task
and the work cycle time [2]. The method is applied to the right side
of the human body to the left at to be determined for each position
side exerting greater force for lifting the load.

Application Method [4]:

1. Divide the plane of the human body into two groups:
A = trunk, neck and legs.
B = arm, forearm and wrist.
2. Look at the table of group A and B correct individual score.
3. Modify the score A depending on the load.
4. Modify the score B depending on the type of grip.
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5. According to both final scores will be looking at Table C's

new global score.

6. Modify the score C according to muscular activity.

7. Evaluate the level of action and corresponding risk to the final
value.

It should be emphasized that the REBA method must be
made in each posture on the task chosen. After the evaluation, you
must decide if the position redesign merits thereof or a worker
induction good postures.

The information required by the method is basically as follows:

The angles formed by the different parts of the body (trunk,
neck, legs, arm, forearm, wrist) with respect to certain reference
positions. Such measurements can be performed directly on the
worker (protractors, electrogoniometers or other devices angular
measurement) or from photographs, provided these ensure correct
measurements (true magnitude of the angles measured and
sufficient views).

The load or force handled by the worker to take the position
under consideration in kilograms.

Gripping type cargo handled manually or by other body parts.

The characteristics of the muscular activity of the worker
(static, dynamic or subject to possible abrupt changes).

The application of the method can be summarized in the
following steps [6]:

e Dividing the body into two groups, with group A
corresponding to the trunk, neck and legs and the B group
formed by the upper limbs (arm, forearm and wrist).
Individual score of members of each group from the
corresponding tables.

e See Table A for obtaining the initial score of group A from the
individual scores of the trunk, neck and legs.

e  Group B rating from the scores of the arm, forearm and wrist
using Table B.

e  Modification of the score assigned to the group A (trunk, neck
and legs) according to the applied loads or forces, hereinafter
"Score A".

e  Correcting the score assigned to the body area of the upper
limbs (arm, forearm and wrist) or group B according to the
type of cargo handled grip, hereinafter "Score B".

e From the "Score A" and "B Score" and by consulting Table C
a new score called "Score C" is obtained.

e  Changing the "Score C" depending on the type of muscular
activity developed to obtain the final score of the method.

e See the action level, risk and urgency of action corresponding
to the final value calculated.

After the application of REBA method is recommended:

The comprehensive review of the individual scores for
different parts of the body, as well as strength, grip, and activities,
in order to guide the evaluator about where corrections are
necessary.

Redesign of the post or making changes to improve certain
critical positions if the results obtained so recommends.

In case of changes, reevaluation of the new conditions of the
post with the REBA method for testing the effectiveness of
improvement.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

Group A
Ratings of the trunk, neck and legs.

The method begins with the assessment and individual score of the
group A, formed by the trunk, neck and legs.

-Punctuation trunk

The first member to evaluate the group A is the trunk. It should be
determined if the employee performs the task to erect or trunk, the
latter indicating the degree of flexion or extension observed.
Adequate score table 1 is selected.

Figure 1. Positions of the trunk

Table 1. Positions of the trunk

Points Position
1 The trunk is erect.
2 The truck is between 0 and 20 degress of
flexion or between 0 and 20 degrees of
extension.
3 The truck is between 20 and 60 degress of
flexion or more than 20 degrees of extension

4 The truck is flexed more than 60 degrees.

-The score trunk will increase in value if there twisting or lateral
bending of the trunk.
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Figure2. Positions of the trunk

Table 2. Positions of the trunk
Points Position

+1 There twisting or lateral
bending of the trunk.

-Score the neck

Secondly the neck position will be evaluated. The method

Figure 4. Positions that modify the score the neck

Table 4. Positions that modify the score the neck

Points Position
+1 There twisting and/or lateral
bending of the neck.

Points Position
1 Bilateral support, walking or
sitting
2 Unilateral support, light stand or
unstable posture.

considers two possible positions of the neck. In the first neck is
bent between 0 and 20 degrees and in the second there is flexion or
extension of more than 20 degrees.

Figure 3.Positions of the neck

Table 3. Positions of the neck

-Punctuation of legs

To finish assigning scores of members of group A leg position will
be evaluated. Consulting Table 5 allow to obtain the initial score
assigned to the legs depending on the weight distribution.

s

Figure 5. Rating legs

Table 5: Rating legs

-The score of the legs will be increased if there is bending of one or
both knees. The increase may be up to 2 units if there flexion 60 °.
If the worker is granted, the method considers that there is no
bending and thus increases the score of the legs.

Figure 6. Bending of the legs

Points Position
Table 6. Bending of the legs
1 The neck is between 0 and Points Position
20 degrees of flexion. +1 There bending one or both
knees between 30 and 60.
P The neck is flexed or +2 There bending one or both
extenden more than 20 knees of 60°( except sitting
degrees. posture).
-The score calculated for the neck may be increased if the
employee presents twisting or lateral bending of the neck, as
indicated in Table 4.
g H¢ ) +1
ﬁx . J’h hL I /h
L - x n - L g - I ! E ¥
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Figure 7. Position the worker

Group B:
Ratings of the upper limbs (arm, forearm and wrist).

-Score the arm

o 1 =
Figure 8. Positions of the arm
Table 7. Positions of the arm
Points Position
1 The arm is between 0 and 20

degree of flexion and 20

degrees or 0 extension.

2 The arm is between 21 and 45

degrees of flexion or more than
20 degrees of extension.

3 The arm is between 46 and 90
degrees of flexion.
4 Arm is bent more than 90
degrees.

The score assigned to the arm may be increased if the worker has
the abducted arm or rotated or if the shoulder is raised.

Figure 9. Modifications on the score arm.

Table 8: Modifications on the score arm.

Points Position
+1 The arm is abducted and rotated.
+1 The shoulder is elevated.
-1 There is support or stand for
gravity.

-Forearm score

Next will be analyzed forearm position. Consulting Table 9 provide
the score depending forearm bending angle, Figure 9 shows the
angles measured by the method.

Figure 11. Position of the arm the worker.

-Score for the Wrist

To end with the score of the upper limbs the wrist position is
analyzed. Figure 10 shows the two positions considered by the
method.

1 g 2 A
ﬂ:w‘ ——
15° 4

Figure 12. Positions of the wrist
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Table 9. Positions of the wrist

Points Position
1 The wrist is between 0 and 15
degrees of flexion or extension.
2 Wrist is flexed or extended over 15
degrees.

-The value calculated wrist

& -

Figure 13. Twist or desviation of the wrist.

Table 10. Twist or desviation of the wrist.

Points Position

+1 There twisting or lateral deviation
of the wrist.

5. RESULTS

The welder must weld anywhere on the plant that is required,
which means that chemical pollutants, high temperatures, noise,
radiation, fire risk, just as if it adopts forced to weld exposed
positions such as: inclinations , stretching bending - trunk
extension, flexion - extension of the neck and weight lifting loading
pieces.

That's why their positions were analyzed with the
implementation of the REBA method to reduce ergonomic risks to
not be affected in the future health of the worker welding. And with
this study will help prevent risks.

The REBA method to estimate the risk of bodily disorders
related to work based analysis of the positions taken by the upper
limbs (arm, forearm, wrist), trunk, neck and legs. It also defines the
load or run strength, grip type or type of muscular activity of the
worker. Although it was initially designed to be applied to analyze
the kind of awkward postures that often occur among health care
workers, caregivers, therapists, etc. and other service activities, is
applicable to any sector or work activity.

Assesses both static and dynamic postures and incorporates
novelty noted the possibility of the existence of sudden changes in
posture or unstable positions. A new factor that assesses whether
the position of the upper limbs is adopted for or against gravity is
included in the method.

Group A

Position Trunk: This between 20 and 60 degrees of flexion or more
than 20 degrees of extension. The score is 3.

Increase your trunk punctuation that there is lateral flexion or
torsion of the trunk 1. Punctuation: 4

Position Neck: The neck is flexed at more than 20 degrees.
Increase your punctuation that exists lateral flexion or lateral
inclination The neck 1.Puntuacion: 3

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

Position Legs: The legs have unilateral support or any light
stand. Increase your punctuation +2 because there is flexion of one
or both knees more than 60 degrees. Punctuation: 4

e ]

Table 11. Results Group A

Group B

Arm Position: It's between 46 and 90 degrees of flexion its
punctuation is 2 +1 It increases because the arm is rotated.
Punctuation: 3.

Position of the forearms: The forearm is between 60 and 100
degrees of flexion. Punctuation: 1

Position wrist: wrist is between 0 and 15 degrees of flexion
and extention. Punctuation: 1, the punctuation that exists be
incremented torsion or lateral deviation of the wrist +1. Su
Punctuation: 2

Table 12. Results Group B

TABLA B

]
2
2
2
4
5
7
8

Rating load or force.

The load or force managed modify the score assigned to
group A (trunk, neck and legs), except if the load does not exceed 5
kilograms in weight, in which case the score will not increase. The
following table shows the increase depending on the applied load
weight. Also, if the force is applied abruptly should increase one
unit.

Henceforth the score of group A, duly increased by the load
or force, is called "Score A".

Tabla 13. Score for the load or force.

Points Position
+0 The load or force is less than 5 kg.
+1 The load or force is between 5 and 10 Kgs.
+2 The load or force is greater than 10 Kgs.

Table 14. Changing the score for loading or forces
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Points Position
+1 The force is applied abruptly.
-Score the type of grip.

Gripping type increases the score in Group B (arm, forearm
and wrist), except that the type considered good grip. Table 16
shows the increases to apply depending on the type of grip.

Henceforth the score of group B modified by the type of grip
will be called "Score B".

Table 15. Rating gripping type.

Points Position

+0 Good grip.
The grip is good and grip strength
midrange

+1 Regular grip.
The hand grip is acceptable but
not ideal or grip is acceptable
using other body parts

+2 Grab Malo.
The grip is possible but not
acceptable.

+3 Unacceptable grip.
The grip is awkward and insecure,
it is not possible hand grip or grip
is unacceptable using other body
parts.

Results final Group C

This table shows the results of the AYB table which gives us the
end result is.

The result of Table A is 9, so that if the load or force is
greater than 10kg. Increase your punctuation 2 and the final
punctuation is 11.

Table 16. Results final Group C

TABLA C
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8 8
9
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Final Score
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The final evaluation of the method REBA is a score of 11. This
indicates that the task performed has a very high level of risk and
action is required immediately.

Table 17. Results the risk

Nivel de y R
| e | i
0 Inapreciable No es necesaria actuacion
: Puede ser necesaria la
f Bajo actuacion,
2 Medio Es necesaria la actuacion.
Es necesaria la actuacion
3 Alto cuanto antes.
Es necesaria la actuacion
4 Muy aito de inmediato.

The following diagram summarizes the application of the method.

Puntuacio
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Grup [Puntuacio Grup |Puntuaciéon Antebraz
o A |n Cuello oB |o
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actuacion

Nivel de
riesgo

Figure 14. Diagram summarizes the application of the method

6. CONCLUSIONS

According to the results obtained by the REBA method, we found
that the risk of welding work to eliminate the high level of risk, so
it is necessary to take immediate measures to safeguard the
integrity of the worker in the study.

The REBA method guide the evaluator on whether or not to
propose corrective actions on certain positions. Moreover, the
individual scores for body segments, the load, the grip and the
activity may guide the assessor on aspects with more ergonomic
problems and thus target their prevention efforts accordingly.

If finally posture corrections / s were applied evaluated are
advised to check the correct action to the implementation of REBA
method to the proposed solution, ensuring the effectiveness of the
changes.

In regard to health protection is sought in ergonomics reduce
or prevent diseases generated by work. Many of the diseases that
appear in older people, are not due to aging of the body but are the
consequences of a number of sobresolicitaciones, such as unnatural
postures, repetitive movements or unsuitable, exposure to noise,
vibration, gases , lighting, etc., which over time affect the body, so
that it seeks to reduce and compensate such on sub solicitations
solicitations.

Social adaptation is also seeking in order to guarantee social
norms, when you are or you are prescribed by laws, ordinances,
regulations, internal policies or collective agreements; fostering
right human relations.

7. IMPROVEMENT PROPOSALS
Assistance to the Medical Service workers periodic hearing tests
performed for control and monitoring. Structural changes in those
areas where equipment operation produces awkward postures.

Perform thorough studies awkward postures and lifting of
loads using the REBA methods to obtain a more detailed
assessment.

Train staff on issues related to hearing protection, respiratory
protection, protective skeletal muscle.

Perform and monitor environmental measurements taken at
different plant operating states.

The implementation of activities will be proposed
complementary to help workers improve their posture perform
activities and to remember that actions should or should not to do.

Another proposal for the worker welding workshop serious
when a repetitive activity is done take a break for exercise and
movement in his hands and wrists.

It is necessary for strengthening exercises and physical
examples of manual loads are performed before exercising their
activities. this Thing improve the working positions, rhythms and
forces exerted.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

REFERENCES

[1] BORG, G., 1985. An Introduction to Borg's RPE-Scale.
Movement Publications, Ithaca, NY.

[2] Hignett, S., 1994. Using Computerised OWAS for postural
analysis of nursing work. In: Robertson, S. (Ed.), Contemporary
Ergonomics. Taylor & Francis, London, pp. 253-258.

[3] Karhu, O., Kansi, P., and Kuorinka, L., 1977, Correcting
working postures in industry: A practical method for analysis.
Applied Ergonomics, 8, pp. 199-201.

[4] NTP 601: Evaluation of working conditions: postural load.
Method REBA (Rapid Entire Body Assessment). INSHT.

[S] VALENCIA, Adolfo, 2012-Y. Industrial Ergonomics. Teaching
material. Lima: Pontifical Catholic University of Peru. Faculty of
Sciences Engineering. Consultation August 15, 2012.

[6] VALLEJO GONZALEZ, José Luis (2002) Occupational
Ergonomics SC Occupational musculoskeletal injuries origin.
Consultation 15 January 2014.

[7] Waters, TR, Putz-Anderson, V., Garg, A., Fine, LJ, 1993.

Revised NIOSH equation for the design and evaluation of manually
lifting tasks. Ergonomics 36 (7).

Pagina 74



Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

Analysis and redesign of workstation in turning
brake and tire balancing to ergonomically
improve their operation

Rigoberto Zamora Alarcon®, Victor Nuiio Morenob, Edson Pérez
Noyola®, José Mario Pérez Talamantes®

*Universidad Autonoma de Baja California-Instituto Tecnologico
Mexicali, zamora@uabc.edu.mx, Mexicali, Baja California,
México.

°Universidad Autonoma de Baja California, vnuno@uabc.edu.mx,
Mexicali, Baja California, México.

“Universidad Auténoma de Baja California,
edson.aem@gmail.com, Mexicali, Baja California, México.
4Universidad Auténoma de Baja California,

jperezl8@uabc.edu.mx, Mexicali, Baja California, México.

Resumen

Analisis aplicado en taller automotriz dedicado a servicio de frenos,
alineacion, balanceo y cambio de llantas.
Previamente se determinaron los trabajos con condiciones
ergondmicas criticas en su operacion.
Se evalu6é el confort del operador con matriz de riesgo, se
realizaron mediciones antropométricas para obtener indicadores de
percentiles utiles a la aplicacion de frenado y balanceo en las
respectivas maquinas de torno y balanceo correspondientes.
Se evaluaron las condiciones a partir de los indicaciones marcadas
por las normas Mexicanas correspondientes, asi como de la matriz
de de riesgo y listas de verificacion para validar el confort en el que
se encuentran los operadores en esas areas de trabajo.
Se aplicaron los métodos de Evaluaciéon ergondmica en las
estaciones con RULA (Rapid Upper Limb Assessment) y Sue
Rodgers

Para aplicar los cambios, se necesito implementar un
analisis y evaluacion de los procesos, con diagnosticos y sistemas
de mejora industrial.

Palabras clave— Matriz de Riesgo, RULA, Sue Rodgers

Abstract

Analysis applied in automotive workshop dedicated to service
brakes, alignment, balancing and tire change.

Previously determined work with ergonomic conditions critical in
its operation.

Assessed risk matrix operator comfort, anthropometric
measurements were performed to obtain indicators of useful
percentiles to the application of braking and rolling in the
respective corresponding lathe and rolling machines.

We assessed the conditions from the indications marked by
Mexican standards, as well as the matrix of risk and checklists to
validate the comfort in which operators are in those areas of work.
Applied methods of ergonomic evaluation in stations with RULA
(Rapid Upper Limb Assessment) and Sue Rodgers

To apply the changes, is need to implement an analysis and
evaluation of the processes, with Diagnostics and industrial
improvement systems.

Keywords— Risk matrix, RULA, Sue Rodgers

1. INTRODUCTION
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Analysis applied in automotive workshop dedicated to service
brakes, alignment, balancing and tire change.

Previously determined work with ergonomic conditions critical in
its operation.

Assessed risk matrix operator comfort, anthropometric
measurements were performed to obtain indicators of useful
percentiles to the application of braking and rolling in the
respective corresponding lathe and rolling machines.

We assessed the conditions from the indications marked by
Mexican standards, as well as the matrix of risk and checklists to
validate the comfort in which operators are in those areas of work.
Applied methods of ergonomic evaluation in stations with RULA
(Rapid Upper Limb Assessment) and Sue Rodgers

To apply the changes, is need to implement an analysis and
evaluation of the processes, with Diagnostics and industrial
improvement systems.

2. OBJECTIVES

Evaluate the ergonomic conditions in balancing tire and brake lathe
operations with checklists of risks, ergonomic evaluation and
improvement of productive systems, to benefit the comfort and
working conditions that operate on the workstations of the
workshop

3. DELIMITATION

Improved ergonomically with design templates, the operations of
turning brakes, but it will take more time analysis of disassembly
and Assembly of tires , because the workshop is located in
remodeling.

4. METHODOLOGY

Began with risk map, then matrix of risk on workstations, then
measurement of the operating conditions and the ergonomic
evaluation Sue Rodgers and Rula in each case before and after
operational improvement

4.1. Matrix of risks in workstations and equipment

Table 1 shows the matrix of risks in work stations and equipment
with priority significant, such as change of tire, tire balancing, and
turning drum and disc. The risk matrix determines alterations in the
comfort of the users in your workstation, displays only the
significant conditions to analyze of the workstations in the process.

(1]

Table 1. Matrix of risks

Actividad Torneado (Discos Tambor)
(Estaciones) Balanceadora
Magquina para llanta
Tipo y clase .ErNgonomlco Fisico Ruido
de peligro diseflo de puesto
Altura de puesto
. de trabajo, ubica Motores, sonido de corte
Origen del ) .
: control, equipo, en tambor y en disco al
peligro . .
mesa, superficie, cortar metal con acustica
etc.
Alteraciones de la No se tapan oidos, sin
Riesgo salud (lesion 6seo embargo, el peligro esta
muscular, fatiga, latente s6lo en caso de no
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alteracion colocar cinturones de piel
vascular, en piezas a tornear.
accidente de Alteraciones de la salud
trabajo) (efecto audicion baja,
trauma acustico,
alteraciones del suefio y
descanso, estrés, etc.)
Careos Torno de frenos
& Cambia llanta Torneado de Frenos
expuestos
Balanceadora
Numero de
3 3
expuestos
Horas ] ]
expuestas
Probable 500 200
Consecuente 200 500
Requisito 10 10
legal
Cralpal 710 710
1mportancia
Prioridad Significativo Significativo

4.2. Measurements of environmental conditions of operation
Table 2 shows the average measurement of the intensity of
illumination in Lux, registration took place without artificial light,

the workshop works until 15:00 hours.

Table 2. Registration of measurements of lighting

Intensidad de luz (lux)
Magquinaria Real Ideal
Grua principal 210 300
Balanceadora 150 300
Monta llantas 140 300
Torno 210 300

Artificial lamps, are very dirty, is cleaning and maintenance
problems.

Table 3 shows the average measurement of the intensity of noise in
db. They were performed with the compressor off and without the
use of another machine, working only the specified machine.

Noise levels do not represent risk of working in any of the stations
from the Centre of machining since they are low according to the
provisions of the occupational safety and health administration
Noise levels do not represent risk of working in any of the stations
from the Centre of machining since they are low according to the
provisions of the Occupational Safety and Health Administration
(OSHA). [2]

Table 3. Registration of measurements of lighting

Magquinaria Ruido (db)
Grua principal 70-85
Balanceadora 65
Monta llantas 54-86
Torno 71

Temperatures in the workstations were on average the same (by
having everything in a short space, and by the height of the
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workshop is that temperature control of 31.5C within the
workshop). This temperature contributes to fatigue and employee
productivity. [3] [4] [5]

4.3 Ergonomic analysis Sue Rodgers and RULA

Figure 1 and figure 2 show the operator by removing the tire from
the car, can be seen in the evaluation having score of 10 (very high
value) in shoulders, , with moderate values of 6 in neck, back,
arms and elbows and wrists, hands and fingers

Quitar Tornillos
o
52| e
G o c 9
c © IS c
23| 5|¢&
g |0 a
Cuello 2 3 1 6
Hombro 313|110
Espalda 2 3 1 6
Brazo y Codo 2 13 |1 6
Mufeca, mano, dedo 2 3 1 6
Piernas y tobillos 1131 3

Figure 1. Remove the Lug Nuts and Wheel

Quitar Llanta

Intensidad
Duracién
Por minuto
Puntaje

Mufieca, mano, dedo

2 1 1 3
Hombro 3|11 4
Espalda 31111 4
Brazo y Codo 3111 4
3 1 1 4
3111 4

Piernas y tobillos

Figure 2. Remove the tire

Figure 3 shows the operator by removing the tire and place new
tire, can be seen in the evaluation having score in of 9 ( high
value) in shoulders, neck, back, arms and elbows and wrists, hands
and fingers

Empujar llanta y apalancar con barra
= v e

Intensidad
Duracién
Por minuto
Puntaje
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Cuello

Figure 4. Balancing process
Hombro

Espalda

Brazo y Codo
Mufieca, mano, dedo

Colocar Llanta

et ] ¥\

wlwlw|lw|[n| N
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I
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Piernas y tobillos
Montaje de llanta nueva

o i "’%\

Intensidad
Duracién
Por minuto
Puntaje

Intensidad
Duracién
Por minuto
Puntaje

Cuello 2111 3
Cuello >l 211 ] 4 Hombro 3|11 4
Espalda 4
Hombro 3121 9 : s3;111 3
Espalda 3 > 1 9 Brazo y Codo 2 1 1
Murieca, mano, dedo 31111 4
Brazo y Codo 2 121 4 : . 7
Mufieca, mano, dedo 3] 2|1 9 Piernas y tobillos 3 1|1
Piernas y tobillos 2121 4 Figure 5. Placing new tire
Figure 3. Remove and placing tire
Figure 5 and figure 6 show the operator by placing the new tire,
can be seen in the evaluation having score of 10 (very high value)
Figure 4 shows the operator in balancing process, can be seen in in shoulders, with moderate values of 6 in neck, back, arms and
the evaluation having score in of 9 (high value) in, hands and elbows and wrists, hands and fingers.

fingers Atornillar Llanta
Colocar y roscar contraurca

Intensidad
Duracién
Por minuto
Puntaje

Intensidad
Duracién
Por minuto
Puntaje

Cuello 2 3 1 6
Cuello 21211 4 Hombro 313|110
Hombro 2121 | 4 Espalda 2 3]1] 6
Espalda 2l 211]| 4 Brazo y Codo 21311/ 6
Brazo y Codo 2 2 1 4 Mufieca, mano, dedo 2 3 1 6
Mufieca, mano, dedo 3121 9 Piernas y tobillos 1131 3
Piernas y tobillos 2 12| 1 4

Figure 6. Placing new tire

Colocar llanta en maquina
-vf =

Figure 7 shows the operator by turning brake surface, can be seen
in the evaluation having score of 4 (Low value)

Intensidad
Duracién
Por minuto
Puntaje

Colocacién de freno de tambor en torno
i s | | e
Cuello 21 2|1 4 Slo|l 2L
219 E g
Hombro 2 1 2|1 4 S| 5| S| 5
E|la| o |
Espalda 2 2 1 4 = o
Brazo y Codo 112 |1 2 Cuello 2 11 4
Mufieca, mano, dedo 4
: : 21211 Hombro 2 1| 4
Piernas y tobillos 2 1211 4
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Espalda

Brazo y Codo
Mufieca, mano, dedo
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Piernas y tobillos

Figure 7. Turning Brake Surfaces

Table 4. RULA method, the overall score of each group and which

activity
— ] o =
< =
Puntuacién | E £ % g g £ | 8¢ g 8
global grupo | & = g = ;? = S = S g
A 7 4 5 7 4
B 2 6 4 2 4
C 10 6 7 10 5
D 8 6 5 5
Final 7 7 6
Nivel 4 4 3

Table 4 shows the results of the RULA method, the overall score of
each group and which activity is evaluated score, are levels where
mainly recommended urgent changes in the job or task related to
tire change, tire balancing and tire placement. Thus also perceived
a requirement in the design of task; where it is necessary to carry
out research activities, for the activity of turning brakes [6]

4.4 Anthropometric measurement

Table 5. shows the anthropometric measurement of operations in
automotive workshop. The Anthropometric measures allow to
design templates and mobile bases to improve operations.

The three operators working in the automotive workshop were
measured, two have almost the same anthropometric measures.

Table 5. Anthropometric measurement of operators

Descripcion Percentil

de Medicion (Cm) 5 50 95
Estatura 168.4 173.7 179.0
Altura de la vista al suelo 154.6 160.3 166.1
Altura hombro al suelo 138.3 143.0 147.7
Altura codo al suelo (brazo
colgando) 108.3 109.5 110.7
Altura cadera al suelo 95.0 95.0 95.0
Altura Rodilla al suelo 46.4 50.5 54.6
Extension brazo doblado,
pegado a cuerpo 36.9 37.8 38.8
Extension hacia el frente
(desde espalda) 78.2 80.7 83.2
Extension ambos brazos 165.0 174.3 183.7
Ancho de codo a codo 457 48 50.3
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4.5 Process reengineering

Table 6 shows the workshop performance measures when

evaluating ergonomically activities.

The performance measures are pieces per hour, production

capacity, utilization, availability and inventory in process
Table 6. workshop performance measures

Medida de Torno Balancedora
Rendimiento
Razén productiva
(Piezas/hora) 636 2
Capacidad
Producida 53 116
(Piezas/dia)
Utilizacion
o) 52.34 24.11

The table 7, shows the percentage in each of the activities that take
place in the automotive workshop. This is a concentrate of
diagrams of process of each activity, with operations, transport,
delays and inspections.

Table 7. Percentage of each activity workshop

,::’ =

g g S | 3

Descripcion 2 2 g 2

o = 2 &

= [=] =

< Ll

Torneado 65 27 5 4

Desmontar llanta 40 40 20 0

Cambio de llanta 423 20.1 37.6 0
Balancear llanta 15.5 44.6 27.5 12.4

Montaje de llanta 31 43.7 254 0

The figure 8, shows the percentages in each of the activities that
take place in the automotive workshop, with high percentages of
delay and transportation that cause unnecessary movements in the
respective workstations.

Coincidentally many unnecessary movements caused discomfort in
the evaluated operational management.
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56.3
Montaje de llanta Montaje de llanta
43.7 1
43,
Balancear llanta No opera
Balancear llanta 146
33 M Prepara
Cambiode llanta B Opera
40.9
Cambiode llanta 376
R 201 . 60
423 Desmontaje de
. llanta
Desmontaje de 20 B [nspeccion
llanta 0 bemora Torneado
40
B Transporte
Torneado 3 Opera 0 20 40 60 80
27 |
65
T T T T 1
0 20 40 60 80 Figure 9. Percentage of each activity workshop

Figure 8. Percentage of each activity workshop 4.6. Application of Order and SMED
External setup improvements include refining the storage and
transportation of parts and tools [7] [8].

Table 8. Percentage of each activity worksho
& ty P Implement a template tools to reduce management and create an

order, on a work table with tire and comfortable measure for the
Descripcion Opera Prepara No reduction or elimination of delays and transport.

opera Figure 10 shows a template of tools grouped by products (brake
Torneado 65 17 18 disc and drum), ordered in sequence of use, that allows to view the
Desmontaje de llanta 40 0 60 tools and or equipment to be used in the specific process [8] [9].
Cambio de llanta 40.9 21.2 38
Balancear llanta 15.5 40.7 43.8
Montaje de llanta 31 12.7 56.3

The table 8 and figure 9, show percentages in each of the activities
that take place in the automotive workshop. This is a concentrate of
diagrams of process of each activity, with operations, non operation
and preparation.

To reassess the processes it was necessary to separate the activities
in times of operation, non operation and preparation with the
purpose of applying improvement tools that enable you to respond

to every need. Figure 10. W

f brake

process

Figure 10 shows:

e  The work table with wheels for their management, compliance
with measures for the convenience of the operator, without
unnecessary movements.

e  Templates with the necessary tools in order to make the
turning.

e  C(lassification of internal and external activities necessary for
fast setup.
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e Itis noted as the operator looks for the tools you need for the
process, instead of having them on hand, in the process before
applying quick preparations, proposed template and designed
work desk [10].

Improved work sequence of operator:

1. Place drum to start turning.operar torno.
2. Go for a second drum.

3. Back to lathe.

4. Remove finished drum.

Indications of fast preparation 3 phase [7] [11]

SMED phase 1

. a. separate setup internal and external. Discover the activities that

can be performed while the machine is operating.

b. checklist of functions. Do it before the start of the preparation,

must be for each machine or operation, to avoid mistakes that could

hamper and delay the task once started the internal preparation.

c. improvement of transportation and useful parts. Implement the

work table and template tools to use the useful parts, maintain order

and improve transportation.

SMED phase 2[8].

Convert setup internal to external. With machine off will make the

process of setup, all the installation steps are internal, but we can

make the internal setup steps in external.

5. Results

1. Environmental temperatures exposed to extreme temperature

2. Noise levels optimal

3. Lighting adequate

4. Heat and humidity with good ventilation

5. Necessary ergonomic changes at stations Unnecessary
movements inside and outside station

6. Increased production capacity will be given reduced
movements, unnecessary  effort  producing  shorter

manufacturing time.

7. Implemented organization, order and cleanliness of the
workspace will also notice these improvements in the results
that are displayed after applied the analysis of rapid
preparations [8] [10] [12].

8. New activity in the process of turning, when the operator
activates the automatic. The operator takes another drum to
have a piece over time becoming external setup.

Table 9 and Table 10 show the results of application of Industrial

improvement systems in the process of machining of brake and

rolling, reduces fatigue and unnecessary movements.

Table 9. Performance measures implementation of improvement

systems.
Med.lda.l de Torno Balancedora
Rendimiento
Razén productiva
(Piezas/hora) 7 30
Capacidad
Producida 61.460 249
(Piezas/dia)
Utilizacion
%) 455 11.2

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

Table 10. Results of improvements in types of time in the
process of turning

. Porcentaje
C t Ant D )
oncepto ntes espués Mejora
Demoras 27 9 66.7%
Inspeccion 14 7 50.0%
Manejo 152 104 31.6%

6. Conclusion

1. Rehabilitation of material handling cars Figure 10 and figure
11

2. Regulation of neutral positions of work operations

Redesign of stations of turning brakes

4. Will improve the comfort of the operators figure 12 and table
11.

5. The Organization of the work area and order get one would
improve the process as well as in the comfort of our operator.

6. Redesign of tires rolling operations

w

Figure 11. Improved turning process

Quitar Tornillos (Sue Rodgers)
(%]
g |§|¢g
= o =
g |2
A
Cuello 6 4 33%
Hombro 10 4 60%
Espalda 6 4 33%
Brazo y Codo 6 4 33%
Mufieca, mano, dedo 6 4 33%
Piernas y tobillos 3 2 33%

Figure 12. Improved to remove the Lug Nuts and Wheel

Table 11. RULA method, the overall score(Improved)

Quitar 1lanta Tornear tambo

Puntuacion
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lobal grupo

g grup . 2 . 5 7 .

Q = ) Q = o

E o 5 = o 5%

< |18 | = < & | =
A 7 3 57% 4 2 50%
B 2 2 0% 4 2 50%
C 10 6 40% 5 3 40%
D 5 5 0% 5 3 40%
Final 7 0% 6 3 50%
Nivel 4 4 0% 3 2 33%

7. Diagnostics with reengineering and measures of performance
before and after improvement allowed us to identify areas of
opportunity to improve

8. When applied SMED achieving the process to be best
performance based on the production of parts

9. Complexity of the process was reduced by applying the
template in sequence order

10. Increase the ability of the company to meet 7 cars to 8 cars
daily, creating a new 1 increase automobile capacity journals
Table 12.

Table 12. Results of measures of performance improvement

systems.
Medida de Porciento Mejora
Rendimiento Torno Balanceado
Razon de
Produccion 14.8% 50%
Capacidad
Produccién 15.1% 65%
Utilizacion -13.1% -53.5%

11. Reduce material handling loaded by hand and at considerable
distances from the use.
12. Better organization of the workplace
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Resumen

El proposito de este trabajo fue evaluar las condiciones
ergondmicas en una empresa de manufactura de calzado para
identificar oportunidades de mejora. Se aplicaron los cuestionarios
de Yoshitake y Corlett, tambien se realizaron evaluaciones con el
método RULA, REBA ademéas de cuestionario con diferentes
preguntas para identificar los riesgos y las mejoras.

Palabras clave—manufactura, salud laboral, factores de riesgo.

Abstract

The purpose of this study was to evaluate the ergonomic conditions
within a shoe manufacturing company while identifying
opportunities for improvement. A survey of Yoshitake and Corlett
was applied also evaluation with the RULA and REBA method, as
well as cuestionary with diferent kind of questions to identify risk
and improvements

Keywords— manufacturing, occupational health, risk factors.
Relevance to Ergonomics:
1. INTRODUCTION

When evaluating a company’s performance the measure of worker
productivity is one of the most significant factors. Collectively, the
health and capacity of workers has been directly correlated with an
ergonomically proper working environment.

Within a limited threshold workers can adapt to the working
condition. An ergonomic study based on their individual task can
be beneficial in further increasing worker productivity through the
prevention of debilitating accidents and redundancy related
injuries.

2. METHODOLOGY

A transversal, exploratory and descriptive study of workers from a
footwear manufacturing company was made in which 34 volunteer
employees participated figure 1 shows manufacturing company.
The study population consisted of: 23 males and 11 females, with
an age range between 17 to 67 years. All jobs were assessed and
rated for ergonomic exposure based on an established baseline.

0 |

Figure 1. Manufacturing company

Direct observations of the processes and conditions in the
work area were performed. The instruments used to obtain
information regarding working conditions used a symptomatic list
and map for fatigue by Yoshitake [1] and Corlett. These tests were
applied to the 34 workers twice a day for a week. Also, the RULA
[2,3] and REBA method was applied, as well as, video recording to
analyze the subjects’ routines [4,5].

In addition, we found it beneficial to conduct an open
questionnaire to determine if the habits beyond regular working
hours contributed to the presence of any pain or fatigue in workers.
Moreover, unstructured interviews were applied in order to obtain
the opinion of the workers and identify opportunities for
improvement and potential solutions.

3. RESULTS

The results revealed that 58.82% of the workers reported “fatigued
legs”, with occurrences more common with women at 81.81%,
figure 2 shows task in a standing position of the worker. 44.11%
reported themselves as “easily losing patience” (54.54% women
and 39.13% men), 41.17% reported “eye-strain”, 38.23% reported
unspecified “body fatigue”, and 35.29% reported “back pain”.

We discovered that 73.53% of the workers were not wearing
protective equipment such as suitable gloves and goggles, as
relegated by the task to prevent injuries as shown in figure 3.
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The results of the study revealed that 38.23% of the subjects
reported discomfort due to awkward body positioning while
working and 29.47% reported suffering from fatigue at least once a
week, figure 4 shows different task positions.

Figure 4. Positions of the workers

Furthermore, it was found that light, temperature and
vibration were not reported as detrimental, but exposure to solvents
and noise proved to be harmful. Analysis of the video recordings
identified the postural risks related to their specific activity.

4. CONCLUSIONS

Incidents of fatigue in the legs were more commonly reported. Risk
factors which involved the inhalation of solvents or other vapors
were identified. One of the main causes of fatigue was related to
workers performing secondary activities including; second jobs and
household related tasks. While other causes are correlated with the
monotony of the task.

Mitigation activities include: task-rotation, motivating
incentives which include personnel integration, the proper use of
protective equipment, and health breaks. Increased worker
productivity is directly correlated with a positive work
environment, so efforts should be directed towards activities which
reduced employee turn-over, dissatisfaction and accident
prevention.
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Resumen

En el presente documento, se presenta un analisis ergondmico
donde se evalta el puesto de trabajo en una empresa del sector
Industrial-Servicios, dentro del area de produccion de lentes. El
propésito, identificar el nivel de riesgo del tipo musculo-
esquelético y los factores de riesgo para los trabajadores. En el
estudio, se utilizd el método RULA (Rapid Upper Limb
Assessment) que fue desarrollado para evaluar la exposicion de los
trabajadores a factores de riesgo que pueden ocasionar trastornos
musculo-esqueléticos en los miembros superiores del cuerpo, tales
como las posturas adoptadas, la repetitividad de los movimientos,
la fuerza aplicada o la actividad estatica del sistema musculo-
esquelético. (Asensio-Cuesta, Bastante-Ceca, & Diego-Mas, 2012)

Palabras clave—Evaluacion ergondmica, Posturas, Riesgo.

Abstract

This document, features an ergonomic analysis where the job in a
company's Industrial Services sector within the area of production
of lenses is evaluated. The purpose of identifying the level of risk of
musculoskeletal and risk factors for workers. The RULA (Rapid
Upper Limb Assessment) method was developed to evaluate worker
exposure to risk factors that can cause musculoskeletal disorders of
the upper limbs of the body, such as the positions taken was used in
the study, the repetitive movements, applied force or static activity
of the musculoskeletal system.

Keywords— Ergonomic evaluation, Positions, Risk.
Relevance to Ergonomics:
1. INTRODUCTION

Currently, the assessment of the work area is critical to determine
the most effective and efficient way of working, which is directly
reflected in productivity. These studies range from tools and
equipment used in that area, lighting and amount of noise as well as
the burdens and body postures.

To perform the risk assessment of postural loads generated in a
particular job, there are several methods with a specific focus and
conclusive results.

The RULA (Rapid Upper Limb Assessment) method was
developed by McAtamney and Corlett doctors at the University of
Nottingham in 1993 (Institute for Occupational Ergonomics) to
evaluate worker exposure to risk factors that can cause disorders in
the upper limbs of body, such as positions, repeatability of
movements, forces applied static activity of the skeletal muscle
system. (McAtamney & Corlett, 1993)

2. OBJECTIVE:

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

Analyze the positions taken in the area of production of lenses,
identifying the degree of risk of such positions by RULA method to
develop strategies for improvement.

3. DEFINITION:
The study was conducted within the area of production of lenses.
4. METHODOLOGY

The subject under study, is an operator that performs its work in the
area of production of lenses, during a working day of 8 hours
divided in two shifts of four hours respectively. During this time,
repetitive positions and angular rotations occur.

4.1 Materials
e (Camera

e  Field sheet method RULA

4.2 Process

RULA. Assesses the exposure of workers to risk factors that can
cause disorders in the upper limbs: postures, repetitiveness of
movements, applied forces and static activity of the
musculoskeletal system. (Barba Moran, 2007)

This technique ergonomic evaluation. Study individual positions
and occupational risk factors that have been associated with
musculoskeletal disorders. Using RULA results in a risk factor
between 1 and 7, where the score factor or higher means more risk.
RULA is an assessment tool used to detect positions of work
requiring attention or modification. (Universidad Catdlica Andrés
Bello, 2006)

The RULA method allows assessment of the positions' of the
upper limb including the trunk, neck and legs. (Llaneza Alvarez,
2007)

This method of measuring rapid movements of the upper limbs,
is used to assess the status of the configuration of the workstation
with a system of evaluation points with a range that spans four
levels of action. (Rivas, 2007)

A great advantage of RULA is that it allows a rapid initial
assessment of large numbers of workers.

It is based on direct observation of the positions taken during the
task by upper extremities, neck, back and legs.

Identifies four levels of action in relation to the values that have
been obtained from the evaluation of the exposure factors
mentioned above.

The analysis can be performed before and after an intervention to
demonstrate that such action has influenced decrease the risk of

injury.
Evaluates specific positions; is important to evaluate those which
involve a higher postural load. The application of the method

begins with the observation of the worker's activity over several
cycles. From this observation should be selected tasks and most
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significant positions, may be in duration, priority or greater
postural load.

The measurements to be performed on the positions taken are
fundamentally angle. These measurements can be performed
directly on the worker using protractors or any device for making
angle data (you may use photographs of the worker taking the
position studied and measuring angles on them).

The RULA divides the body into two groups: A group that
includes the upper limbs (arms, forearms and wrists) and group B,
comprising the legs, trunk and neck.

By the tables associated with the method, a score to each body part
(legs, wrists, arms, trunk) is assigned, based on these scores, global
values are assigned to each of the groups A and B.

The method determines for each member in the fi
measurement. Subsequently, overall scores of groups
modified depending on the type of muscular activity d
the force applied during task performance. Lastly, the
obtained from such global modified values.

The final value provided by the RULA is proportior
involved in performing the task, so that higher valu
greater risk of skeletal muscle injury.

The proposed performance levels ranging from level 1, which
estimates the posture assessed acceptable, level 4, which indicates

the urgent need for changes in activity.

The material used in this study are the rubrics of different groups,
camera to capture the positions taken and video camera.

Group A: Ratings of the upper limbs (arms, forearms and wrists).

Score arms:

Fig. 1 Rating arms.

Score Pg on |

1 F
2 E
4

Table 1. Score arms.

The score assigned to the arm may be modified.

M6 o+l

JL 3

o

1
|

Fig. 2 Positions that modify the score arm.

Score Position

i If the shoulder is raised or
arm rotated.

+1 If the arms are abducted.

-1 If the arm has a fulcrum.

Table 2. Changes on the score arm.

Rating forearm:

Fig. 3 Forearm positions

| Score Position |

Flexion between 60° and
100°

2 Flexion < 60° or > 100°

Table 3. Score forearm.

The score assigned to the forearm can be increased in two cases:
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Fig. 4 Positions that modify the :

[ Sore [ ]

+1 If the vertical pr
beyond the vertic
+1 If the arm crosses

Table 4. Modification of the sc

Rating wrist:

+1

Fig 5. Positions of the wrist.

1 If it is
2 e
3 For ben:

Table 5. Rating 1

The wrist calculated value will be mod
deviation.

Fig 6. Deviation of't

Ifyc

Al

Table 6. Changes to score wrist.

Once the score wrist rotation thereof will be assessed.

~“
=

\_J

]
——

102

Fig. 7 Rotating of the wrist.

Score Position

1

2

If there pronation or supination midrange.

If there pronation or supination at extreme

range.

Table 7. Score roating of the wrist.

Group B: Ratings for the legs, trunk and neck.

Rating neck:

1

Fig. 8 Neck position.

Score Position

1

If between 0° and 10° bending.
If are flexed between 10° and
20°.

For flexion greater than 20°.

If are extended.

Table 8. Neck score.
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Fig. 10 Trunk position.

| Score Position |

) 1 Sitting, Wel} supported and a
The score of the neck may be increased trunk-hip angle> 90°
or rotation. 2 Flexion between 0° and 20°
Flexion between 20° and 60°.
+1 , ) 4 Flexion more than 60°.

Table 10. Trunk score.

¢
b '

Trunk score will increase in value if the trunk twisting or
lateralization.

I (O [ (RTHIL R

Fig. 9 Positions that modify the

e ||

+1 ]
+1

Table 9. Changes to the scc

Fig. 11 Positions that modify the score of the trunk.

Score Position

+1 If there trunk torsion.

If there lateral flexion of the
trunk.

Rating trunk:
+1

Table 11. Changes to the score of the trunk
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Rating legs:

5. RESULTS:

GROUP A

\ |

4 ]

Fig. 12 Legs position. Arms (1-6) 3
Forearms (1-3) 2
Score Position
— - Wrist (1-4) 3
1 Sitting with feet and legs
11 rted.
v%,e s1%pp0 - . Twist of the wrist (1-2) 1
Standing with the weight
distributed symmetricall —
1 and spaceyto change v Score the type of muscle activity (0-1) 1
position. i
If your feet are not Ratmng nge { 3102(1 (0-3) X 0
2 supported, or if the weight is able 1. score group A.
not distributed
symmetrically. .
GROUP B Score
Table 12. Legs score
Neck (1-6) 4
Some of the pictures of operator workspace.
Trunk (1-6) 3
Legs (1-2) 2
Score the type of muscle activity (0-1) 1
Rating force / load (0-3) 0

Table 14. Score group B.
Levels of risk and performance by RULA System:

Final score RULA (1-7): 7

Level of risk (1-4): 4

This activity takes place indefinitely during a working day of eight
hours, divided into two shifts of four hours. The results obtained
using a preset software generates a Performance Level 4. This
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means that it is immediately necessary changes in the design of the
task and / or job.

Actions: Analysis and changes required immediately

6. CONCLUSIONS:

The job and the position adopted by the operator, was really
affecting its productivity.

An urgent change in the design area or place of work is needed to
perform the activities in an efficient manner and that this will be
reflected in operator productivity, preventing fatigue, injuries,
downtime, unnecessary burdens and poor posture.

This method is extremely important because it allows us to
identify if you really have the appropriate ergonomic conditions for
carrying out any work.

6.1 Contribution to ergonomics:

In the previous study, you can see a not very common job that has
many areas of opportunity where you can make an ergonomic
assessment to establish new strategies and ways of working or even
better, new tools or machinery that support in carrying out the
activities of companies such as industrial development lens
rotation.
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Abstract

This article describes the activities carried out by the Capitulo
Universitario (CAPUNI) of the Autonomous University of Baja
California campus Tijuana in matters related to the project of the
new laboratory of Anthropometry, ergonomics and Biomechanics
(LAEB-104) equipment.

Our chapter has been commissioned to manage the access to this
lab and offer guidance, advice and training to new users. Users are
professors who conduct researches; usually they do not know the
equipment and its operation. We can help these researchers to use
this equipment in order to get the most outof’it under the
supervision of our faculty counselor. Among users, there can also
be found scholars and research assistants. It is expected that,
gradually, this laboratory access extends to other researchers,
especially in the Northwest of the country, since it is the only one
that has this equipment in this region.

The most important subject during this course is the promotion and
diffusion of the LAEB-104 with different sectors of society. This
working space has what, according to the Federal Regulations on
Safety and Health at Work, it is needed for the productive sector
which requires to comply with the new requirements of the
published in the official journal of the Federation. One of the
objectives we pursue in our CAPUNI is to support researchers who
have access to the LAEB-104 to the establishment of the provisions
in the field of safety and health to be carried out in the workplace,
to have conditions enabling to prevent risks and, in this way,
ensure workers carrying out their activities in an environment that
ensures their life integrity and health, as well as prevent damage to
the work center.

Keywords— Anthropometry, Biomechanics, Ergonomics.

Relevance to Ergonomics: Practical Industrial case.
1. INTRODUCTION
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The project of this equipment was developed at the Faculty of
Chemical Sciences and Engineering in the 6G building at the 104
area. In addition, our acquired experience with the acquisition,
training and implementation underway. The LAEB-104 has 5 work
stations: station of central monitoring, anthropometric and
biomechanical analysis station, station design of workplace,
production with semi-automatic tools station, and station booths of
experimentation. There is also a room of oxygen consume,
metabolic energy wastage and the necessary equipment to carry out
the required studies inside and outside the laboratory, the
equipment has the ability of telemetry. The fact that the people’s
needs are transformed lets us know that we could never be
oblivious to these changes. Whereby, we care every day about the
quality of workers life’s so they will not harm their health demand.
We can understand, as well, that an industrial engineer is required
to know and to apply the ergonomic principles, not only to design
but also to perfect his job or the worker's activity. We also must
keep in mind that technology of automated processes is in
development and change. For this reason, the equipment must be
under permanent research.

PROBLEMATIC

This work represents our interest in how productive you will
disseminate Laboratory Ergonomics 104, Anthropometry and
Biomechanics of industrial engineering career in relation to schools
or programs that, usually, the curricula are routed to theorize about
the human factor leaving the practical side. In other words the
study of Ergonomics focuses on the knowledge of prevention and
detection of risks, generally, rather than on whether the safety and
health of workers in their work area as many companies are not
made aware of the importance this entails in the industry. These
systems should be a little more sensitized since there must be a
mutual benefit, which allows both parts win, without neglecting the
responsibilities incumbent on each. A very difficult goal to achieve
is that workers could see physical and mental exhaustion as a game
and these conditions lead you to not only accept responsibilities,
but also, to find them in order to obtain better results.

The first thing we are looking for is to instruct students from
UABC for their preparation and performance in future through a
computer simulation work environment which provides them a
quality education. [1] This project anticipates the needs of
education in occupational health and the federal provisions on
human factors and ergonomics factors.

We believe that this article is a sample of the interest you could
have for students to acquire the skills that the sector are requesting.
Authors of this paper have been proposed to develop a virtual
scenario to potentiate their skills and abilities, same that will be
very necessary in view of the entry into force of RFSST.

2.  METHODOLOGY

The working method consisted on the following steps in
chronological order: supervision of the work of enabling the
physical space that houses the equipment, monitoring of the
discharge of the equipment and introduction to the space,
supervision of installation, verification of operation, calibration of
equipment, tests start running, training. On this last point below are
described very succinctly seen.
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Figure 1.1 Discharge of the equipment and introduction to the
space inside of the LAEB-104

Figure 1.2 Supervision and Installation of equipment, with the
security and proper precautions, during a period of 3 days.

Figure 1.3 Training. During this one, academic advisers were
present, engineers, technical staff in the instruments, professionals
at the stations where they did manuals delivery, with applicable
learning activities for any course, so much like licentiate as
graduate.

2.1 Stations
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Figure 2.1 Central of monitoring station.

6)) Central of monitoring station, designed for analysis and
overall supervision of the laboratory through its internal work and
equipment of monitoring as well as working groups with the main
purpose of studying methods of production lines and balance of
operations focused on the improvement of processes from semi-
automatic assembly for the improvement of manufacturing
processes, the relationship man/machine, etc. The care of hygiene
that must be in this area is very simple: from surface cleaning with
special detergents, to have ranked station. Students that have been
set in this season to be able to organize manage and to control other
stations; a basis of control, acquired in its software to carry out a
registration of all practice at any other station. They are also
targeting practices from professionals to research of postgraduate
or introduction to a workshop in progress. It’s kind of
manufacturing for extruded aluminum.

Integrated operating systems are: System of monitoring digital,
Data acquisition system, Control of pan, zoom for camera, Dual
screen for viewing, Multiplex screens ion and stereo sound. With
accessories as: Furniture with drawers, Dome camera, Video
projector and projector screen, Router, Multifunctional printer.

a'|r

Figure 2.2 Biomechanical and anthropometric analysis station.

?2) Biomechanical and anthropometric analysis station,
specifically devoted to the anthropometric study and biomechanics
of the human being, has a strong focus on the application of
theories, principles and methods to adapt spaces, tasks and tools to
the characteristics, skills and labor needs of the worker. The care of
this station is rigorous due to it is provided with many pieces of
work and a table of measurement of the finished body like: Section
of Heights, Section of Widths, Mixed section, Station of record
and monitoring.
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The included accessories are: Ergonomic seat, Semiprofessional
Chamber with tripod, Scales of movable apartment of comfortable
use, Anthropometry type lafayet, Goniometry and tape measures.

The integrated operation systems are: Straight measurements,
Measurements sedates, Supine measurement, Photogrammetry

This team is of supreme importance in the laboratory since he
evaluates the portions of the human body and creates designs and
statisticians in samples really for the size that is. There can be
realized professional practices and projects of scientific
investigation.

= = -
Figure 2.3 Production station with semi-automatic tools.

A3) Production station with semi-automatic tools,
dedicated specifically to the design of productive tasks. As all other
stations, it also uses specially developed software to interpret data
time cycle, standard time, line balancing, etc.

Teams that compose them:
Workstations “Analyst®, Stations of "Collaborating" work Turret.

The accessories that shape it are: Ergonomic seats and banks it
attires, Interior trays for materials, Arm articulated with containers
of storage, Levelers of steel and wheels antistatic, Professional
auditory diadems, Digital chronometers, Didactic work kit

At this station there can specialize the engineering of methods,
investigation of operations and automation and control. Where, in
these courses, the pupil is allowed to know in detail the production
line in a company, to follow procedures, to create an article, to
assemble laity pieces, to have a control of times and specific
movements, to take care of the work environment and the position
of the pupil, and to simulate to be a worker.
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“) Station of workplace design, focused on the simulation
and study of ergonomic conditions of workplaces, among other
applications is useful to determine rates of ergonomic risks and
factors affecting benefit or prevent any (DTA) cumulative trauma
disorders. Here the student evaluates the fatigue, the intensity of the
lights, and the height of the table.

This station is complemented with the experimental arrays because
it creates the ideal design for the worker, under what conditions
should work, time and how many cycles you can perform in a
given time simulating a common labor day. The student can
practice of risk assessment, and control of health for the worker,
creating activities of assemblies and positions. Under that repetitive
motion is and how long is this exposed, with dimensions of Breadth
150 cm gave 122 cm Height 209 cm.

With integrated systems of: System of automatic elevation, System
of manual inclination, Board for the process control, Board of
visual devices, Relation of scope of spaces, System of lighting
LED type RGB, Unit of acquisition and prosecution of information,
System of digital videotaping, Signs multiplexer, Didactic board.

Accessories: Ergonomic seats, Digital chronometer, Containers
with articulated arm, Transfers kit for panels, Didactic work kit.

Figure 2.5 Experimental cabins
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Q) Experimental cabins are used to study the performance
and productivity of users under specific environmental conditions.
It simulates different working environments by manipulating
controlled variables as noise, humidity, temperature, lighting, and
ventilation, among others. Some of the competencies and topics
addressed with this laboratory module were the development of
innovative practices, analysis and controls employment,
movements, energy expenditure, environmental ergonomics,
analysis and use of the meters, measuring times and movements,
layout, analysis MTM/MOST/MODAPTS say some. Teams that
compose them are: 1 Cabin Gilbreth, 1 Cabin Taylor, 1 Central
Module

With specific dimensions of:
* Cabins, Breadth 145 cm / Gave 165 cm / Height 235 cm
» Wide central module 190 cm / Gave 115 cm / Height 215 cm.

Compound of material of abstracted aluminum. It is provided with
integrated systems of operation that are: Lighting - Incandescent /
fluorescent, Sound - Analogical / digital, Environmental
temperature, Relative moisture, Physiological conditions, Folding
workstation, Visualization of digital video of cabins.

In addition account with ergonomic seats. As these cabins allow it,
the student can experience the most common conditions until the
most extreme in the workplace. Doing, at the same time,
internships in Assembly with a design specifically study the health
of the worker, to understand causes and common reactions of the
human body and make designs and reports from the environmental
conditions for the worker.

Figure 2.6 Spirometry room

(6) Spirometry room, in this room is located within the LAEB-
104. Here are the pulmonary function tests in the laboratory or in
industry thanks to which the team has wireless telemetry system.
These studies serve as guideline to issue recommendations to
workplaces in terms of whether to keep or not to workers in certain
physical conditions. The clinical appearance of the diagnostics
required will be covered by specialists of the occupational
medicine of the UABC or external which are signed collaboration
agreements, in this way it is ensuring that the recommendations are
reliable for those who receive them.

Spirometry measures the flow of air. Measuring the amount of air
you exhale and what it does so quickly, with spirometry can
evaluate a range of lung diseases. The most important issue is to
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have the test always in the same position. This area focuses on
projects of scientific research and graduate programs. Spirometry is
also used to objectively evaluate the response of airway to bronco
stimuli (allergen, aspirin, inhalants industrial) specific or
nonspecific constrictor (meth choline, histamine, cold air). This
way is possible to reveal and to measure the bronchial
hyperactivity. In the LAEB-104 students can create activities and
practices related to applications that you can give them scientific
research with the spirometer is evaluation of mechanisms of
bronchial obstruction, graduation of the functional capacity,
measurement of the physical disability (legal industrial) among
others.

3. RESULTS

The most important subject during this course is recognize that
cach Member of the human capital must be aware of the
importance of their work within the Organization since they are a
component of the large structure, making relevant selection of jobs
carried out according to the skills and characteristics of the person,
but mostly keep motivated personnel based on the treatment and
satisfaction within the organizations. A staff motivated, satisfied,
and identified with the company and its equipment allows that the
delegated responsibilities are met in their entirety. Working
environment harmonizes the situations that may arise and
streamlines communication in general, we must remember the
personnel is not an instrument, it is a tool at the service of
enterprises. Therefore, as students, we realized the task the
promotion and diffusion of the LAEB-104 with different sectors of
society. This working space has what, according to the Federal
Regulations on Safety and Health at Work; it is needed for the
productive sector which requires complying with the new
requirements of the published in the official journal of the
Federation. [1] Companies must perform projects according to the
federal decree [Art. 42 and chapter II of the RFSST 43del] in order
to analyze ergonomic factors in its facilities. One of the objectives
we pursue in our CAPUNI is to support researchers who have
access to the LAEB-104 to the establishment of the provisions in
the field of safety and health to be carried out in the workplace, to
have conditions enabling to prevent risks and, in this way, ensure
workers carrying out their activities in an environment that ensures
their life integrity and health, as well as prevent damage to the
work center.

The LAEB-104 will be able to be needed for multiple uses of
investigation, from licentiate up to graduate, so much like
specializations, qualified, certifications, even workshops, courses
and seminars for projects with the industry, projects of scientific
and technological investigation. All of this, under the supervision
of the person in charge of the laboratory to take a record of the new
projects and giving emphasis to which will be available for student
public and academician interested by the study of the ergonomics
and as to use it in the studies and disciplines of our career, and
public or private organizations.

4. CONCLUSIONS

Institutions of higher education in the country must be updated of
these new provisions due to employers will resort to them in search
of advice and proposals which ensure compliance with the law
requirements and the UABC is ready to meet the northwestern
region of the country. Our CAPUNI has engaged in a
comprehensive way in everything what has to do with three main
topics: anthropometry, ergonomics and biomechanics. It has been
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required a huge effort, planning and support work of our academic
authorities for proper installation and operation of the society of
students, CAPITULO UNIVERSITARIO, wanting to get clear
missions and objectives for the upcoming projects in the future.
There are many pending tasks but we are already on the road and
we are moving forward on it. We thank the unconditional support
of the Dr. Juan Andres Lopez Barreras for their tireless academic
work and management to get everything we needed to begin this
big project. Currently we already have our own website and an
institutional email which will be useful to publicize our activities.
We must mention that it is needed the support of the Society of
Ergonomists from Mexico for the fulfillment of our objectives, in
order to ask the SEMAC mutual commitment to endorse and
continue this work on a permanent basis.
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Resumen

La conducta humana en un ambiente laboral provoca riesgos
en la seguridad y la salud que constituyen un problema social. Las
caracteristicas propias y Unicas de la industria de la construccion y
el mantenimiento de edificios ocasionan, por lo general, mas dafios
a las personas que la mayoria de actividades productivas. El
objetivo del presente estudio es conocer y analizar las condiciones
de seguridad y salud en el trabajo prevalecientes en el caso
particular del mantenimiento de edificios. Finalmente, conocer las
repercuciones negativas en las partes del cuerpo del trabajador
expuestas poniendo en riego de sufrir desordenes musculo
esqueléticos.

Palabras clave—Desordenes Musculo Esqueléticos, Riesgos
Laborales, Siniestralidad.

Abstract

Human behavior in a work environment cause safety hazards
and health that constitute a social problem. The own unique from
the construction industry and building maintenance characteristics
cause, usually, the more harm to people than most productive
activities. The aim of this study is to understand and analyze the
safety and health at work prevailing in the particular case of
building maintenance. Finally, knowing the negative repercussions
on the parts of the worker's body putting at risk of musculoskeletal
disorders.

Keywords— Disorders musculoskeletal, occupational hazards and
accidents.

1. INTRODUCTION

The Mexican worker weighs approximately 2496 hours per
year in the workplace. It is not surprising that all these hours have
their negative repercussions primarily in the eyes, back, hands and
neck.

In addition to time spent at work, exposure to adverse working
conditions can result in momentary pain or long-term injuries.
Also, workstations, equipment and poorly designed tools contribute
to lower efficiency and production, loss of revenue, a greater
number of medical claims, and permanent disabilities.

This occurs when the work has not been designed under
ergonomic principles, which are based on the need to adjust the
tools and stations to the worker. Ergonomics according to its
definition is used to help remedy the conditions which cause
disorders and occupational injuries and offers numerous solutions
that make the workplace and tools more favorable for employees
since its objective is to design methods of work in a way that adapt
to human capabilities to prevent problems such as injuries.
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One of the main concerns of an organization should be
controlling risks that threaten the health of their workers, however,
in the field of construction and maintenance of buildings, industrial
accidents and occupational diseases are factors that often interfere
with the normal development of activities.

The concept of maintenance has been widely developed by
many authors because of the need to conserve and maintain not
only the buildings but everything can deteriorate within its useful
life.

There are authors like Bebé, [1] for whom maintenance is
nothing more than the work that should be undertaken in a cyclic
manner to the attention of the components of the constructions in
order to correct its deficiencies, and maintain an effective services
that deliver with special emphasis on those spaces which by its
continuous use or its location are more exposed to deterioration.

According to Loria, [2] maintenance is considered as works,
papers and all actions aimed at the physical and functional
conservation of a building along the lifecycle of it. Keep generally
means conserving and improving the original performance of an
element, machine, installation or building over time.

Among the works that includes maintenance, may be
mentioned the following: painting, fixing chipped and surface
cracks in plaster and plaster, in soldering roof, replacing tiles,
waterproofing areas covered, fixtures floor slabs or baseboard,
lubrication pumps or other engines, cleaning tanks and cisterns,
septic tank cleaning, placement of Shoes keys, valve adjustments,
settings electrical switches, door and window settings, replacement
of windows and fittings, etc. These works, in depending on when
performed, may be considered preventive or corrective [3]

It is estimated that globally, workers in the construction and
maintenance encompassing the 5 to 10% of the workforce [4]. In
Mexico, represent 8.3% of the economically active population [5],
constituting the fourth source of work, after the trade (19.5%),
manufacturing (16.4%) and agriculture (14.5%). In our country the
number of construction workers is approximately 4.8 million.

1.1 Objectives.
Describe the current state of security and health in the sector of the

construction and maintenance of buildings, emphasizing the aspects
related to the management of prevention of occupational risks.

1.2 Delimitation

The study wills only bibliographic research on the subject of the
application of ergonomics in building maintenance.

2. STATE OF THE ART

The human being is related entirely to the elements of the
world in which he lives, which intervenes directly dictating the
physical and mechanical laws that will be submitted, affecting it
over time. It is imperative that the analysis with the right tools, to
determine the damage that can be generated on the worker.

2.1 Ergondmics.
Natural and instinctive, human being, individual aspect,

usually behaves in a certain way; however, the complex interaction
between individuals living in society means that some risks
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affecting simultaneously generate many others; hence the lack of a
safe conduct of an individual may bring about social dimensions.
The work environment is perhaps the best example of how the joint
action of a group of individuals leads to behaviors and unsafe
environments for many members of an organization.

The magnitude of the social problem of the lack of safety and
health at work has been quantified at the global level by the
International Labour Organization [6] in 337 million of victims of
accidents and 2.3 million people who die each year because of
accidents or occupational diseases. In Mexico, the Mexican Social
Security Institute [7] has reported 490 thousand cases of accidents
and diseases work and 1 368 deaths; it is important to note that in
Mexico approximately half of the workers are not affiliated to the
IMSS, therefore, they lack of occupational risk insurance and are
not considered in the statistics.

The postures that are adopted at the time of the jobs are part
of occupational risks, to maintain alignment of the whole body;
worker continuously performs physical exertion during labor
dynamics, mainly to move the body, transporting objects and
maintaining posture; to respond to these demands the body
performs complex mechanisms that end in contraction and muscle
relaxation, therefore, postural hygiene aims to implement measures
of protection, and recognition of consequences by adopting an
inadequate stance preventing musculoskeletal problems to appear
[8]..

Occupational safety includes a set of activities for the
protection of the worker and the physical property of the company,
all through the prevention and control of the actions of men,
machines and the working environment, in order to prevent injury
[9]. To evaluate the physical positions taken in the work should be
considered factors related to the occupational environment: works
that are made repetitively; the uprisings of weights; the positions
maintained in the work, as well as rotations and push-ups, which
are harmful to health. The causes of forced postures depends,
mainly from factors related to the working conditions such as the
design of workplaces; the Organization of work; lighting; the
demands of both physical and Visual tasks; knowledge of the
worker, among others. It is important, as a preventive measure of
musculoskeletal injuries, maintain a correct posture of work [10].
The consequence of inadequate working postures are muscle-
skeletal problems, slow emergence and harmless character in
appearance, so are ignored until damage occurs in chronic form
[11].

Static working postures are isometric positions, in which case
little movement, and to cause overload muscle; they occur in all the
jobs that require moving times prolonged standing or sitting, and
have influence tested in the development of lumbar and cervical-
brachial problems, as in the case of civil construction workers who
have long working hours in positions of risk to health [12].

With the industrialization new risks and accidents at work,
hence appear the work of many scholars, who have proposed the
hypothesis that "there is an interaction between the number of
accidents occurring in the enterprise and in the same unsafe
conditions; as well as some socio-economic, cultural and technical
characteristics of its workers. In this way, the best conditions of
safety and hygiene and the characteristics mentioned in relation to
workers, the lower the number of accidents and injuries of a
company", [13].

There is no doubt that the continuous development of science
and technology, has allowed the constant change in the methods
and processes of human work, in all levels and areas. Such
developments multidisciplinary activity called ERGONOMICS
emerged.
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The International Labour Organization (OTI) defines
ergonomics as "The science which seeks to optimize the interaction
between the worker, machine and working environment, in order to
match the posts, environments, and the organization of work to the
capabilities and limitations of the workers, in order to minimize
stress and fatigue, and thereby increase the performance and safety
of the worker", [14].

The construction or maintenance of buildings have been and
continue to be one of the sectors of major accidents, by the lack of
specific rules on how to combat these ergonomic hazards. The
causes are varied, highlighting the bad image of this sector or poor
training of its workers, [15].

In the area of building maintenance workers face daily risks
which, they materialize in a crash, could cause great damage to
your health. Also most of the works are performed outdoors, which
makes that workers may be exposed to extreme environmental
conditions. In this type of activity should work against time to try
to meet initial planning of time that does not take into account
weather conditions. So the time lost would have to retrieve it, all
this without taking into account that sometimes worked piece.
These "rush" are not good partners of respect for safety rules, as are
imposed on the completion of work in time to the work carried out
in the proper, ergonomically and safely.

Certainly there are high odds, because of the danger of an
accident to cause death to a worker, but it is also important to know
what other irrigations, minor, a worker faces. Frank E. Bird
developed in 1969 a study with more than 1,750,000 accidents that
concluded: that for each fatal accident took place 10 minor
accidents, in which the worker did not require low, 30 which
caused only material damage and 600 incidents, no bodily injury or
material damage. With these data, he developed the famous
pyramid of accidents or pyramid of Bird (Figure.1).

10

Minor Injury
30
Property Damage

Figure 1: Accident Pyramid or Bird Pyramid

In many countries including Mexico, it is still necessary to
create a preventive culture of safety and health at work, conducive
to employers, workers and government acquire a firm commitment
to cooperation and concerted action.
2.2 Classification of risks at work

The risks of workers in the construction and maintenance of
buildings according to Weeks, [16] as well as in most of the work
can be classified into 4 classes, as shown below.

2.2.1 Chemical risks
Usually present in the form of fumes, vapors or gases are
therefore mainly transmitted through the air, the most common is

by inhalation exposure, although some risk carried by the air can be
attached and be absorbed by the skin.
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According to studies by Weeks [16], several diseases have
their origin in a chemical risk have been associated with the
construction trades and maintenance of buildings is among them:

e  Silicosis applicators generated by sandblasting, digging
tunnels and drillers.

e  Asbestosis formed by applicators asbestos insulation,
vapor system installations and building demolition
workers.

e  Bronchitis occurs more frequently among welders.

Skin Allergies among masons working with cement.
Neurological disorders that occur mainly among painters
exposed to organic solvents.

e  Lung cancer and other respiratory organs most commonly
among asbestos insulation installers, welders and
carpenters.

e Lead poisoning among painters.

2.2.2. Physical risk

Most risks in construction are physical. The most important
and common are: noise, vibration, climate agents, radiation,
barometric pressure and skeletal muscle disorders.

Skeletal muscle disorders may be the result of a traumatic
injury, repetitive forceful movements, poor posture or violent
efforts. The most common injuries to construction workers are of
this type; such as sprains, fractures, tendinitis and lumbago. Falls
due to unstable positions, open excavations, slip on scaffolding and
ladders are frequent causes of these disorders.

2.2.3. Biological risk

Biological risks presented by exposure to infectious
microorganisms, toxic substances of biological origin or animal
attacks. Excavations workers can develop histoplasmosis caused by
a fungus commonly found in soil.

The risks of toxic substances derived from plants ivy, nettles
and poisonous shrubs, causing skin rashes. Some wood sawdust
can cause allergies and even cancer.

2.2.4 Social risks

Social risks occur mainly by stress [17], which are subject
workers and their job security depends on many factors they cannot
control, such as the state of the economy, climate, solvency of the
builder or investor, etc. Due to the need that you have to work hard
to make up the days that do not work, they can also suffer pressure
in the quest to be productive.

2.3 Health and Safety in Civil Works

The civil works is a nomadic activity, therefore one of its
main features is the site where you perform productive processes
regularly and frequently change location [18]. Thus, the
transformation of inputs into products develops almost always in an
environment where the production system is being implemented
without generally a state of stable operation. The safety and health
of workers in civil works are inserted into this particular scheme,
which affects the quality management and process productivity.

One of the key points for security is particularly developed to
identify unsafe acts [19]. These are defined as those in which there
are elements, events, environments and human actions that
represent a potential ability to cause injury or damage and whose
probability of occurrence depends on the elimination or control of
aggressive element [20].
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The unsafe act in construction can be caused by different
causes; as examples include among others: the use of tools or
machines in disrepair, lack of personal protective equipment and
the omission of signs to alert workers of the risks.

An accident at work is generally the result of an unfortunate
combination of factors and circumstances. A study of five hundred
accidents in works in the United Kingdom [4] concluded that the
principal causes of mishaps were attributable to the planning
process problems (were present in 29% of accidents), problems
directly with the execution of processes (88% of accidents),
attributable to the control problems in construction (17% of all
accidents) and situations related to workplace conditions (6% of
accidents).

While the legal and direct responsibility for safety at work is
of the firm, some authors have highlighted that the owner of the
property under construction or maintenance must play a significant
role in preventing accidents (Huang, et. al. 2006). This can be
achieved by imposing builder’s security requirements in contracts
and carefully monitoring their subsequent performance.

3 RESULTS

The construction worker has a pattern of exposure to very
particular risk due to constantly changing work and work alongside
workers in other trades that generate different risks. For a given
job, the severity of each risk depends mainly on the concentration
and duration of exposure.

There are common risk exposures to almost all construction
projects, such as heat, the factors causing muscle skeletal disorders
or fatigue. Table 1 [16] presents the primary risks to which workers
in specific occupations major construction and maintenance can be
seen exposed. It is important to note that some of the exhibits can
affect both workers and professionals who do work direction and
control; in the latter case passively. The -classification of
construction trades presented in Table 1 corresponds to the set in
the System Standard Occupational Classification, developed by the
United States Department of Commerce (2005).

Table 1 Primary Risks job in construction [16]

OFFICE RISK

Bricklayers Cement dermatitis, awkward postures, and
heavy loads.

Welders Steamers Pasta adhesion, heavy metal
welding fumes, dermatitis, awkward
postures.

Carpenters Sawdust, heavy loads, repetitive
movements.

Attaching drywall Gypsum powder, awkward postures.

Electricians Awkward postures, heavy loads, asbestos
dust.

Painters Fumes from solvents, toxic metals from
pigments, additives for paints.

Plumbers Fumes and lead particles, welding fumes,
asbestos dust.

Polishers Awkward postures.

Insulation installers Asbestos, synthetic fibers, awkward

postures.

Assemblers of metal | Awkward postures, heavy loads, working
structures at heights.

Rock drillers Fatigue, isolation.

Crane Operators Fatigue, isolation..

Operators of trucks Dust, vibration, heat, noise.
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and machinery

Road Construction Asphalt fumes, heat, smoke from diesel
Workers engines.

Demolition workers Dust, asbestos, lead, noise.

As can be seen in Table the lesions depend greatly on the type
of work being performed, which can be in the building industry or
maintenance of buildings, so that both activities cannot be analyzed
separately since they are intimately linked with the activities and
ways of working.

4. CONCLUSIONS

The work done in the construction and maintenance, is among
those who produce more risks and factors that may endanger health
are highly variable. The risk exposure is different from office in
office, from work to work, and constantly changing from day to
day and even from hour to hour. Risk exposures in building and
maintaining their main features that are intermittent, repetitive and
short duration.

According to the indicators of the Mexican Social Security
Institute (IMSS) in Mexico branch of the construction industry and
building maintenance is the second most risky for the worker, only
surpassed by the extractive industry. The total number of injuries
increased by 2% during the period from 2005 to 2006 [21].

So here foregoing essential to create a preventive culture of
safety and health at work, requiring employers and government to
acquire a firm commitment to cooperation and concerted action for
the protection of workers by meeting in our country safety
requirements established in the contracts
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Resumen

Los tornos desempefian un papel muy importante en los talleres de
las industrias del sector metalmecanico. Alrededor de la décima
parte de los accidentes registrados en este sector se deben a los
tornos, lo cual representa la tercera parte de todos los accidentes en
que intervienen maquinas.

Mediante la aplicacion del método OWAS (Ovako Working
Analysis System) se analizaran las estaciones de trabajo y el
impacto ocasionado a la salud de los empleados de una empresa
dedicada a la elaboracion de productos de fierro y acero.

Palabras claves: Método OWAS, Redisefio, Riesgo ergonémico.

Abstract

Machining lathes play an important role in the workshops of the
metal-mechanical industries sector. Around the tenth of accidents
recorded in this sector are due to lathes, representing one third of
all accidents involving machines.

By applying the OWAS (Ovako Working Analysis System)
method, the workstations and the damage to the health of the
employees of a company dedicated to the manufacture of iron and
steel impact is analyzed.

Keywords: OWAS method, Redesign, Ergonomic Risk.

1. INTRODUCCION

The most common accidents in the industry are related to the
exposure of workers to mechanical forces inanimate, such as a
machine, a tool, a forklift and even an explosive material, such
accidents are related to shock, crushing or explosion arising from
work with equipment, heavy objects or substances flammable
[3]. According to [1], ergonomics is a set of multidisciplinary
character knowledge applied to the suitability of products,
systems and artificial environments to the needs, limitations and
character of its users optimizing efficiency, safety, and welfare.
According to [8], one of every five accidents is on average,
originated by machines, engines and drives.
The company that represents the case of this research study is
dedicated to the manufacture and installation of various products of
turning. The staff turnover is practically zero and currently has
three employees. The employees of the company have presented
different types of injuries such as hernias caused by manipulation
of inappropriate tools, forced postures, excessive forces and bad
design of workstations, because of this, this project will analyze
jobs to determine the ergonomic impact of risks to which operators
are exposed and propose improvements in the redesign of jobs.
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1.1. Approach to the problem

The application of the checklist of the Biomechanics Institute of
Valencia identified different types of ergonomic hazards in each of
the jobs of the operator, since they are operating machinery
constantly. Some of the risks that are evaluated are as follows:
postures, movements, and Manual handling of loads.

Due to lack of design at work stations, employees are more
prone to injuries minor and severe, which could cause permanent
damage to your physical health.

1.1. Objetive

Assessing ergonomic risk in a work station by using the OWAS
methodology to make a proposal for ergonomic improvement,
reducing musculoskeletal injuries caused by poor posture that
adopts by operator.

1.3. Justification

What you want with this research is to obtain a clear assessment of
the ergonomic risk that workers in this industry are exposed.

The importance of ergonomic assessments is to promote the
health and well-being of the worker, identifying risk factors and
accidents of every job in the company, so the advantage of
providing security to the worker allowing to reduce or eliminate
accidents and illnesses that put their health at risk.

1.4 Delimitation

The study only delimits the assessment of body postures and
movements of operators in certain area / job due to poor
repeatability and incorrect positions taken.

2. METHODOLOGY

According to [7 Jthe OWAS method bases its results on the
observation of the various positions taken by the employee during
the course of the task, allowing to identify up to 252 different
positions as a result of the possible combinations of the back
position (4 positions), arms (3 positions), legs (7 positions) and
lifted (three intervals).

2.1. Coding of the observed positions

The method begins with collection, previous observation, the
different positions taken by the worker during the performance of
the task. Should be noted that the greater the number of observed
positions less is the possible error introduced by the observer (it is
estimated that with 100 comments is introduces an error of 10%,
while for 400 possible error is reduced approximately to half 5%).

The method assigns four-digit to each position observed
depending on the position of the back, arms, legs and load
supported, thus configuring your code or "Code position".

To those observations divided into stages, the method adds a
fifth digit "Code position", the digit determines the phase in which
the encoded position has been observed.

Back Position of | Position of Loads Phase
position arms the legs

Figure 1. The observed positions (position code) coding scheme.
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2.1.1. The back positions: Prime digit ""Code position"'.

The first member to encode will be back, to set the value of the
digit that represents it is must determine whether the position taken
by the sword is right, bent, with twist or folded with twist. The
value of the first digit of "Code position" get consulted the table
displayed below table 1.

Table 1. Coding of the back positions.

Investigaciones y Soluciones. Vol 8 | 2015
An arm and the
other high

An arm of the worker \ g \

is located below the 2

level of the shoulders #
and the other one, or

part of the other, is |

First digit of
Back position code position
Right back
The axis of the trunk of the g -
worker is aligned with the | 1

axis hips-legs.

The two raised arms
Both arms (or part of
arms) of the worker
are located above the
level of the shoulders.

located above the
\.¢ /

level of the shoulders.
]

Bent back
This bending of the trunk. .
Although the method does
not explain from that angle
is given this circumstance,
can be considered which
occurs for slopes greater
than 20 ° (Mattila et al.,
1999).

Back with twist
There is a twisting of the o
trunk or side exceeding 20 \ 3

° inclination. %

-

Back bent with twist
There is a flexion of the &

trunk and turn (or tilt) ’

simultaneously.

2.1.2. Positions of the arms: second digit of ""Code position"'.

Will be then analyzed the position of the arms. The value of the
second digit of "Code position" will be 1 if the two arms are low, 2
if one is low and the other high and, finally, 3 If both arms are
elevated, as shown in the following table of encoding table 2.

Table 2. Coding of the positions of the arms.

Second digit of
the code's
position

Position of arms

The two lower arms
Both arms of the
worker are located

below the level of the H 1
shoulders. 1
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2.1.3 Positions of the legs: third digit ""Code position"'.

The coding of the position of the legs, will complete the first three
digits of the "code position" that identify the parts of the body that
is analyzed by the method. Table 3 provides the value of the digit
associated with the legs, whereas 7 different positions as relevant.

Table 3. Coding of the positions of the legs

Fourth digit
of the code's
position.

Position of the legs

Sitting

Stand with both legs
straight with weight
balanced between both

Standing with one leg
straight and the other

bent with the weight %\ 3
balance between the
two
-®
Standing or squatting
with both legs bent and
weight balanced
between both O

Although the method \
is not explicit from L

what angle this :%'
circumstance occurs, it
can be considered to
occur for angles less
than or equal to 150 °
muslo-pantorrilla
(Mattila et al., 1999).
Larger angles will be
considered straight
legs
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Standing or squatting
with both legs bent and
weight balance
between the two

It can be considered to
occur for angles less
than or equal to 150 °
muslo-pantorrilla
(Mattila et al., 1999).
Larger angles will be
considered straight
legs.

Kneeling
Worker supports one
or both knees on the
ground.

Walking

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

2.1.4. Loads and forces supported: fourth digit "Code
position".

Finally, you should determine to what range of loads, from among

the three proposed by the method, belongs which worker raises
when it adopts the posture. Table 4 query will allow the evaluator
to assign the fourth digit of the code in configuration, ending at this
point encoding of position for a single task (simple assessment)
studies.

Table 4. Coding of supported load and strength

Loads and forces supported Fourth digit code
positions.
Less than 10 kg. 1
Between 10 and 20 kilograms. 2
More than 20 kg. 3

2.1.5. Phase encoding: fifth digit ""Code position".

The fifth digit "Code position", identifies the phase which has been
observed in the stance, therefore, this value only makes sense to
those observations in which the evaluator, typically for reasons of
clarity and simplification, decides to divide the task object of study
in more than one phase.
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2.1.6. Risk categories.

The method classifies different codes in four levels or categories of
risk. Each category of risk, in turn, determines what is the possible
effect on the musculoskeletal system of the worker of each
collected posture, as well as corrective action to be considered in
each case.

Table 5. Table of categories of risk and corrective actions.

Risk Effects on the
category | musculoskeletal system

Corrective action

Normal position without | Does not require action.
1 harmful effects on the
musculoskeletal system.

Position with the | Required corrective
2 possibility of causing | actions in the near future.
damage to the
musculoskeletal system

Position with harmful | It is required to take
3 effects on the | corrective actions
musculoskeletal system. immediately.

The burden caused by
this stance have
4 extremely damaging
effects on the muscle
skeletal system.

Once Calculated the category of risk for each posture is possible an
initial analysis. The statistical processing of the results obtained so
far will allow interpretation of the values of the risk. However, the
method is not limited to the classification of the positions according
to the risk they present on the musculo-skeletal system, also
includes the analysis of the relative frequencies of the different
positions of the back, arms and legs that have been observed and
recorded on each "code position".

Therefore is must calculate the number of times that recurs
every position back, arms and legs in relation to others during the
time of observation, i.e., its relative frequency.

As indicated previously, method does not apply to the
calculation of the risk for the supported load, however, since the
handling of loads is reflected in "Position codes" obtained, a
percentage analysis of the ranks of cargo handled by the worker can
alert the evaluator on the need to deepen the study of loads by
applying specific methods for this purpose.

The procedure of application for the method is as follows:The
procedure of application for the method is as follows:

Step 1. Determine if the observation of the task must be divided
into several phases or stages, in order to facilitate it observation.
Step 2. Set the total observation time of the task (20 to 40 min.)
Step 3. Determine the length of the time intervals in which the
observation is divided (the method proposed time intervals between
30 and 60 seconds.)

Step 4. Identify, during the observation of the task or phase, the
different positions taken by the worker.

Step 5. Encode the observed positions, assigning each position and
load the values of the digits that make up its "code position"
identifier.

Step 6. Calculate for each "code position" risk category to which it
belongs, in order to identify those critical positions or higher level
of risk to the worker.
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Step 7. Calculate the percentage of repetitions or relative frequency
of each position of the back, arms and legs with respect to the
other.

Step 8. Determine, based on calculated risks, and corrective actions
required redesign.

3. RESULTS

OWAS analysis method was performed by shooting the operator,
which were obtained every 30 seconds to determine the analysis of
the positions taken by throwing the following:

Step 1. Determine if the observation of the task must be divided
into several phases or stages. At this stage the operator which
presented a repetitive activity, as shown in Figure 2 was evaluated.

Figure 2. Operation evaluated

Step 2. At this stage the operator is observed for 50 minutes, which
is able to collect samples or images necessary for performing this
analysis method. See Figure 3.

IMAGEN #1 | IMAGEN #1 | IMAGEN #3 IMAGEN 100

Figure 3. Collecting Data
Step 3. To perform this activity takes photographs were performed

in a time interval of 30 seconds, yielding a sample of data 100,
which are presented in Table 6.
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Table 6. Sample data concentrating

Numero | Observaciones | Espalda | Brazos | Piernas | Carga
Imagen #1 1 1 4 1
Imagen #2 2 1 3 1
Imagen #3 F 1 3 1
Imagen #4
Imagen #5
Imagen #6
Imagen #7
Imagen #8
. Imagen #9
100 Imagen #10

W =l v W | W R e

Step 4. A sequence of images to establish each of the positions
identified in the process was established; using the Coding Postures
presented in this method which is shown in Figure 4.

Numero | Espalda | Brazos | Piernas | Carga | Frecuencia | % Frecuencia | Riesgo
1 1 1 2 1 T T% 1
2 1 1 3 1 8 8% 1
3 1 1 4 1 1 1% 2
4 7 1 2 1 30 30% 2
5 2 1 3 1 28 28% 2
[3 2 1 4 1 1% 3
7 3 1 3 1 4 4% 1
8 4 1 2 1 1% 2
9 4 1 3 1 20 20% 2

Total= 100
Total= 9 Observaciones
posturales

Figure 4. Coding Method OWAS postures

Table 7. Postures observed the operator.7

PIERNAS

ESPALDA
T¥ey
SEmbpalcliata debaie

Liwrbe
BBl ali s al

FASE DE TRABAJO

BRAZOS
B b oo ey spedled ol e b
lans s
MU TIERI P )
lmmtinm
L R LT R L b i
t

|5 e e

Step 5. At this stage each position taken by the operator, of which
the various code frequencies were determined with their respective
percentage and level of risk, as presented in table 7 was coded.
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Step 6. Table 19 could identify their most critical operator
positions, which are presented by their risk level and the frequency
with which the operator present this position, considering the

Posturas de los brazos

0%

W Los dos brazos bajos

W Unbrazo bajoyel
otro elevado

® Los dos brazos
elevados

above position 4,5 and 9 representing the riskier.

Step 7. Back postures, positions of arms, legs and postures load or
stress, which yielded the following results: Step 7. The percentage
of repetitions of the positions taken by the operator, which were
calculated:

Posturas de las
piernas

HDe pie con las dos piemas
rectas conel peso
equilibrado entre ambas

M De pie conuna piemay la
otra flexionadacon el
peso desequilibrado
entre ambas

Back postures

The following table shows the frequency positions back by the
worker and you can see that most often with his back bent with
59%, making this activity in that position as shown in Figure 5.

Posturas de la espalda

M Espalda
derecha

M Espalda
doblada

4%

i Espaldacon
giro

Figure 6. Graph of results frequency positions of the back.

Posture of the arms

This table is achieved observed that 100% of the worker positions
were observed with the lower arms, which are presented in Figure
6.

Figure 6. Frequency arm postures adopted by the worker.
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Posture of legs

The following table shows how often and leg positions can be seen
that the highest frequency is standing with one leg and the other
bent with the weight balance between the two with 60%, making
this activity in that position which is presented in table 23, the
results were represented in a pie chart as shown in Figure 7.

Figure 7. Graph of results frequency posture of the legs.
Force / Load

In this table we can see that 100% of lifting loads by a worker were
less than or equal to 10 kg, as shown in Figure 8.

Fuerza/carga

0%

® Menoroiguala 10 kg
B Entre 10y 20 kg
® Mayorde 20 kg

Figure 8. Graph of results force / load.

Step 8. Based on the results yielded in step 6, you can determine
that the job requires a redesign, which could bring benefits to the
worker or to the same company as it would reduce injuries that
generate bad postures adopts the worker.

4. CONCLUSIONS AND RECOMMENDATIONS

Evaluation conducted at selected job results showed levels of
postural loads to which workers are exposed, together with the
results of the factors evaluated on direct observations operators. By
applying the method OWAS 9 different positions which the
operator spent most of the time with back bent which is harmful to
the spine and neck were obtained, which recommended a redesign
in the workplace as up the machine.

It can be concluded that the exposure level of ergonomic risk
assessed by OWAS method has a score of 2 corresponding to a
lower level of postural risk in the work area nailamin hub for auto
zipper. Risk factors of muscle disorders related to postural load on
these areas of work are: repetition and static postures performed by
the operator.

It recommends a redesign in the workplace as:

*Raise the height of the machinery.

*Having a Chair sitting-stand

*Constant assessments and take steps to reduce future injury to the
operators.

5. REFERENCES

[1] AEE. (2011). Spanish Ergonomics Association. Retrieved on
October 30, 2013, International Ergonomics Association:
http://www.ergonomos.es/junta.php

[2]Castello Merce P., O. P. (2010). Ergometal. Ergonomics manual
for machines of the Sector of Metal. Retrieved Institute of

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

biomechanics of Valencia:
http://1aboral.ibv.org/index.php/es/publicaciones/publicacion/show
_product/47/171

[3] Martinez, r. (2011). Most common accidents in the industry.
MANUFACTURING STRATEGIC INDUSTRY
INFORMATION, 1.

[4] Padrén, 1. C. (February 2010). Model of the job post in the
metalworking industry based on the theory of processes, theory of
machines and ergonomics. Retrieved on October 29, 2013, of
national Open University:
http://biblo.una.edu.ve/docu.7/bases/marc/texto/t36881.pdf

[5] Ricardo Lopez, J. Z. (2010). Handbook of occupational risk
prevention for freelancers in the sector of metal in the Region of
Murcia. Retrieved from regional Federation of employers in the
metal of Murcia: www.fremm.es

[6] STPS. (2012). self-management in safety and health at work.
Retrieved on November 21, 2013, Secretary of labor and
prevention  Social.:  work:  http://autogestion.stps.gob.mx:
8162/estadistica.aspx

[7] University of Valencia. (2013). evaluation OWAS method.
Retrieved on October 30, 2013, ergonomic assessment of jobs:
http://www.ergonautas.upv.es/metodos/owas/owas-ayuda.php

[8] International Labour Organization. (2002). recording and
notification of occupational accidents and occupational diseases.
Retrieved from International Conference of work 90 meeting. V.
report

Principal author's name: She is a industrial engineer student

Pagina 104



Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

Risk assessment using the RULA method in the
process of ingrown Nails for Water Pump

Alexia Cecilia Anaya Flores®, Mauricio Lopez Acosta®, Lizette
Marcela Rodriguez Moncayo®, Jesus Enrique Sinchez Padilla®.

Instituto Tecnologico de Sonora, C.P. 85860,
alexiiac92@hotmail.com, Navojoa, Sonora, México.
® Instituto Tecnologico de Sonora, Departamento de Ingenieria
Industrial, Navojoa, Sonora, México.

Resumen

Actualmente la industria manufacturera juega un papel muy
importante en el desarrollo tecnoldgico de nuestro pais, por lo que
es necesario utilizar equipos y maquinaria adecuada al operador con
el fin de reducir riesgos laborales, esto serd posible si las maquinas
o equipos de trabajo cuentan con un buen mantenimiento, sea
correctivo o preventivo.

En este estudio se pretende conocer el motivo de la alta tasa
de accidentes en la industria metalmecanica y el porqué de lesiones
fisicas que sufren los trabajadores, produciendo esta investigacion
muchos beneficios a este importante sector de la economia, ya que
se podran prevenir riesgos, enfermedades y accidentes de trabajo,
disminuyendo el ausentismo del trabajador.

La importancia de realizar un proyecto ergonémico en dicha
empresa, es promover la salud y bienestar del trabajador,
identificando los factores de riesgos y accidentes de cada puesto de
trabajo en la empresa, para ello la ventaja de proporcionar medidas
de seguridad al trabajador permitiendo reducir o eliminar accidentes
y enfermedades que pongan en riesgo su salud.

Palabras clave Ergonomia, Posturas, Riesgos.

Abstract

At present the manufacturing industry plays a very important role in
the development of our country, so it is necessary to use equipment
and machinery adapted to the operator in order to reduce
occupational risks, this will be possible if the machines or work
teams have a good maintenance, corrective or preventive.[1]

This study seeks to know the reason for the high rate of
accidents in the industry, metalworking and why physical injuries
suffered by workers, producing this research many benefits to this
important sector of the economy, since risks, diseases and accidents
at work, you can prevent reducing worker absenteeism.

The importance of ergonomic design in the company, is to
promote the health and well-being of the worker, identifying risk
factors and accidents of every job in the company, so the advantage
of providing security to the worker allowing to reduce or eliminate
accidents and illnesses that put their health at risk.

Key words Ergonomics, posture, risks.
1. INTRODUCTION

The metalworking industry constituted an essential industrial
activity for centuries. Despite the continuous technological
progress, is presented a large number of risks to the health and
safety in this type of companies.

Around of the tenth parts of the accidents in this sector are to
lathes, which represents one third of all accidents in that it involved
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machines. According to a study on the relative frequency of
accidents per machine carried out in a small electrical equipment
and precision parts manufacturing plant, winches occupy fifth
place behind the machines for the working of wood, saws for
metals, mechanical presses and boring machines. Thus, there is no
doubt about the necessity of implementing protection measures for
lathes.[ 5] This project will analyze the workstations and the
impact caused to the health of the employees of a company
dedicated to the production of iron and steel products,
improvements to these stations will be raised through an
ergonomic design. [ 6] The company that represents the case of
this research study is engaged in the manufacture and installation
of various products of turning. The staff turnover is practically zero
and currently has three employees, which have presented different
types of injuries such as hernias caused by manipulation of
inappropriate tools, forced postures, excessive forces and bad
design of workstations.

1.1 Approach and definition of the problem.

The application of the checklist of the Biomechanics Institute of
Valencia identified different types of ergonomic hazards in each of
the jobs of the operator, since they are operating machinery
constantly. Some of the risks that are evaluated are as follows:
body dimensions, posture and movements, Manual handling of
loads, information and control devices design and interaction with
the physical working environment.

I divide the lack of design at work stations, employees are
more likely to introduce minor and severe injuries due to lack of
ergonomic design in the jobs, which could cause permanent
damage to your physical health..

1.2 Objetive

Assess current problems presenting a company dedicated to the
tournament and welding, as well as the type of conditions in which
they work operators, such as facilities where works, machinery and
equipment, which are exposed and loads any situation that alters
the physical health of the worker, and thus through the use of the
different tools and the application of different methodologies
enhance avoiding more operators working conditions accidents and
occupational injuries.

1.3 Justification

This Diagnostics allows determine the impact caused to the health
of the employees of a company dedicated to the development of
iron and steel products, and thus to propose improvements to these
workstations to a better ergonomic design.

1.4 Delimitation

The analysis is only declaratory to the evaluation of positions and
body movements of the workers in the process of elaboration of
ingrown nails for water pump.

2. THEORETICAL FRAMEWORK

2.1 Definitions of ergonomics:
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According to the International Association of ergonomics,
ergonomics is the set of applied scientific knowledge for work,
systems, products and environments suited to the capabilities and
physical and mental limitations of the person.

According to the Spanish Ergonomics Association (2010),
ergonomics is a set of multidisciplinary character knowledge
applied to the suitability of products, systems and artificial
environments to the needs, limitations and character of its users
optimizing efficiency, safety, and welfare. [ 7]

3. METHODOLOGY:

The Rula method was developed by Drs. McAtamney and Corlett
of the University of Nottingham in 1993 (Institute for Occupational
Ergonomics) to assess the exposure of workers to risk factors that
can cause disorders in the upper limbs of the body: positions,
repetition of movements, applied forces, static activity of the
musculoskeletal system. [ 8]

Evaluates specific postures; It is important to evaluate those
that pose a higher postural load. The application of the method
begins with the observation of the activity of the worker during
several work cycles.

Measurements to be performed on the adopted positions are
basically angular, (angles forming by different members of the
body with respect to certain references in the studied posture).
These measurements can be done directly on the worker using
angles, electro goniometer conveyors, or any device that allows
taking of angular data. [ 9]

The RULA divides the body into two groups, Group A that
includes the upper limbs (arms, forearms and wrists) and Group B,
which includes the legs, trunk and neck.

The process for the application of the method is, in summary, the
following:
e Determine the work cycles and observe the worker during
several of these cycles
e Select the positions that were evaluated
e Determine if the left side of the body or the right will be
assessed for each position
e Determine the scores for each part of the body
e  Get the final score of the method and level of action to
determine the existence of risk.
e  Review scores from the different parts of the body to
determine where it is necessary to apply corrections
Job redesign or introduce changes to improve if necessary
In case of any change, re-assess the posture with the
RULA method to check the effectiveness of the
improvement. [ 10]

4. METHOD

The methodology applied for the development of this research
begins with the assessment of activities carried out at workstations
that are involved in the process of ingrown nails for water pump,
analyzing each of these activities with the support of images.
Identified the position that represents a specific critical stance and it
would weigh according to the criteria established by the RULA
method. (Pattern)

The following procedure is used to perform the ergonomic
risk assessment:

4.1 Recognize job.
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This stage will perform an analysis of the different jobs through
the implementation of the checklist of the Biomechanics Institute
of Valencia to determine job where the operator suffers most at
risk of contracting some type of injury.

4.2. Identify the positions adopted by the operator.

They will be observations of the activity that the worker held on
various work cycles, taking pictures and analyzing the most critical
positions adopted by this. Choose a single image by choosing
position that involves greater risk of injury and subsequently will
be evaluated through the method.

4.3 Identify the value in tables according to the position
adopted and the method of analysis.

By supporting images, the angles of the positions of each of the
members will be evaluated with the support of the AutoCAD
program, thus giving the measures of the angles will proceed to the
evaluation.

e  The method begins with the assessment of the upper limbs
(arms, forearms and wrists) called Group A.

e  The first member to be evaluated will be arm and depending
on its angle formed with respect to the trunk get your score by
referring to the table.

e  The next member to be evaluated will be the position of the
forearm; the score assigned will again be with respect to the
function of your position. Evaluated once it determined the
score.

e  And finally, to finish the evaluation of the members of Group
A will discuss the position of the wrist; the flexion angle will
first be determined to proceed to the election of the score that
corresponds according to the values in the table.

e  The value calculated for the doll will be modified at a point if
there is radial or ulnar deviation.

e In the same way the turn taken by the wrist will be evaluated,
this value is independent is not added to the previous scores,
is globalizing for Group A score.

e  Completed the evaluation of the members of Group A will be
to assess to the B group formed by the legs, trunk and neck.

e  The flexion exercised by the neck will be first evaluated, the
score will be assigned according to the table.

e The second member to evaluate will be the trunk, must
indicate the degree of Flex that it is exercising and if the
operator is standing or sitting. Such a good score.

e  To conclude the evaluation of the members of the Group B is
evaluated the position of the legs, in this case the evaluation
would focus on the distribution of weight, the support and the
position in which are. The value according to the table is
assigned.

e [t will proceed to make the overall score in both group A and
B.
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4.4 Review scores to determine where it will be necessary to
apply corrections.

To get the final score Group A shall be called Group C due to
muscle activity and the applied forces. Similarly, the score obtained
by the Group B will be called Group D according to activity and
applied forces. The end result will be obtained from scores C and
D.

4.5 Apply or introduce changes to improve job if necessary.
At this stage the different scores given by the method will be

analyses and the most critical positions will be chosen to give the
recommendations of changes that must be made in the workplace.

Figure 2. The arm angle.
Table 1. Scores arm.

4.6 Jobs redesign or introduce changes to improve if necessary. Points Position

. . 1 From 20 ° to 20 ° of flexion extension
Based on the results given by the method rula, at this stage only } )
will give recommendations as to the measures that should be for the 2 Extension > 20 © or bending between 20° and 45°
redesign of the workplace. 3 Flex between 45 ° and 90 °
4 Flexion > 90 °

4.7 Materials to use

*  RULA field sheet Similarly to the score of the angle of the arm is added an additional
*  ERulasoftware point for rotation in the arm and be separated from the trunk. See
* Camera table 2.
e AutoCAD software Total score: 2+1=3
5. RESULTS Table 2. Changes in arm position.
5.1 Recognize Job
Th ducti lvzed i der 1o defermine th Points Position
e production process was analyzed in order to determine the S
risky positions. Follow figurel. +1 Yes the rotated arm or shoulder this high.
+1 If the arms are abducted
-1 If the arm has a point of support

5.2.2. Position of the forearm.

The analysis of the position of the forearm indicates that they are
within the permissible range giving a score of 1. See Figure 3,
table 3.

Score: 1

5.2 ANALYSIS GROUP A.
5.2.1Arm position.

You can see that the right arm is at a 30° angle, which indicates that
the operator is in a position acceptable but little favorable, this
position was very repetitive and constant throughout the job cycle.
See Figure 2 and table 1 to see scores.

Total score: 2

Figure 3. The forearm angle.
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Table 3. Scores forearm.

Table 6. Twist of the wrist score.

Points Position Points Position
+1 If the vertical projection of the forearm is 1 If pronation or Supination in midrange.
beyond the vertical projection of the elbow. 2 If pronation or Supination at extreme range.
+1 If the forearm crosses the center line of the
body.

However are located beyond the vertical protection of the elbow by
what one point more to the original score is increased. See table 4.
Total score: 1+1=2

Table 4. Changes in forearm position.

Points Position
1 Between 60 and 160 degrees flexion
2 < 60° or > 100° flexion

5.2.3 Position of the wrist.

The position of the wrist is at an angle of 10 °, rotating work of the
machine makes the operator may need to move your wrist at angles
greater than is permitted. See Figure 4 and table 5.

Total score: 2

Figure 4. Angle of the wrist.

Table 5. Scores Wrist

Points Position
1 If you are in neutral position on Flex.
2 If this flexed or extended between 0 © and 15
o
3 For flexion or extension greater than 15°

At the time of operating the machinery worker exerts radial
deviation from motion in the wrist, so the original score given is
added one more point.

Total score: 2+1=3

Once obtained the score of the wrist, is valued the same
rotation. This new value will be independent and not added to the
previous score. It will serve in the rear for the overall assessment of
Group A. In the case of the position under study is assigned a score
of 2 since there is pronation at extreme range. See table 6.

Score: 2
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5.3 IDENTIFY THE TABLES ACCORDING TO THE
ADOPTED GROUP A POSITION VALUE.

We analyzed the positions of the group to give the following
results:
e The total position of the arm had a score of 3.
e  The position of the forearm had a score of 2.
e The position of the wrist had a score of 3
e  The twist of the wrist has resulted a sum of + 2 to the
score of previous positions, since the worker performs
movements of pronation and Supination constantly.
After scores of members of Group A was the allocation of the
overall score, this was obtained using table 4 resulting in the total
of 4 points.

Table 7. Scores Group A results
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5.4 ANALYSIS GROUP B.
The position of the neck.

In Figure 5 you can see that the operator Flex your neck above the
20 °, this is due to the lack of good lighting in the work area and
the machinery that does not adapt to the measures anthropometrics
of the same, both neck and eye injuries can be caused. In Figure 5
Total score: 2

Table 8. Score position neck.
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Points Position
1 If there is a flexion between 0 © and 10 °
2 If this flexed between 10 ° and 20 °©
3 For higher than 20 ° flexion
4 If it is extended

5.4.2 Position of the trunk

The operator adopted a stance with the trunk bent to 42° and
slightly rotated, this is due to the lack of ergonomic design between
the machinery and the operator. See Figure 6 and table 9.

Total score: 3

Figure 6. Angle of the trunk.

Table 9. Scores position trunk

Figure 7. Position of legs.

Table 11. Score position legs.

Points Position
1 Sitting with feet and legs well supported
1 Standing with the symmetrically distributed
weight and space to change position.
2 If the feet are not supported, or if the weight

is not symmetrically distribution.

Points Position
1 Sitting, well supported and hip > 90 °©
angled
2 If it is bent between 0 © and 20 °©
3 If it is bent between 20 ° and 60 °
4 If more than 60 degrees is flexed

The score of the trunk increases a point since the operator presents
a slight twist. See table 10.
Total score: 3+1=4

Table 10. Changes in trunk position

Points Position
+1 If there is torsion of trunk.
+1 If side-bending of the trunk is

5.4.3 Position of the legs.

The operator is in standing position, this position is acceptable
because its weight is distributed on both legs and gives you space to
change position comfortably. See Figure 7, table 11.

Total score: 1
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5.5 IDENTIFY THE TABLES ACCORDING TO THE
ADOPTED GROUP B POSITION VALUE.

Therefore analyzed the positions of Group B, the results were as
follows:

e In the posture of the neck was obtained a score of 2.
e The position of the trunk had a score of 4.
e The position of the legs resulted in a score of 1.

The results of Group B giving a total score of 5 points were

introduced. See results table 12.
Table 12. Scores of Group B results

Piernas Piernas

¢ 2 1 2.4 2 1 2 4 2
(3] 2 (3|3 ]afs 5|6 [6][1]7
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5 IR EBREEEREEBEBE
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5.6 SCORE THE TYPE OF MUSCULAR ACTIVITY AND
THE APPLIED FORCE.

The overall score of the Group A and B have not been increased

according to the type of muscular activity, since the load lifting the
operator is less than 2 kg. See table 13.

Pagina 109




Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

Table 13. Type of muscular activity and the applied force score

Points Position

0 If the load or force is less than 2 Kg. and
perform intermittently.

1 If the load or force is between 2 and 10 Kg
and lifted intermittently.

2 If the load or force is between 2 and 10 kg.
and it is static and repetitive.

2 If the load or force is intermittently and more
than 10 kg.

3 If the load or force exceeds 10 kg, and is
static or repetitive.

3 If shocks or sharp or sudden forces occur.

The final result was obtained from scores of C and D. See table 14.

Table 14. Final result.
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5.7 THE SCORE END OF THE METHOD AND LEVEL OF
ACTION TO DETERMINE THE EXISTENCE OF RISK.

Given in table C final score was 5-point determined as well that the
job is risk for the operator and need a redesign of the task,
modifying it so that the operator does not suffer further injury. The
results are presented in Figure 8 field sheet.

Método R.U.L.A. Hoja de Campo

h—— =
| PUNTUACION FIRAL: 16 3: Aeptabie: 3 6 & Ampliar o satucio: § 0 §: Amplar ol ssluio § moSfica: proaio; T selutiar § SoSfics nmedutinests

Review scores from the different parts of the body to determine
where it is necessary to apply corrections.
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You can see that in Group A adopted postures of greatest risk are
in the area of the arm and wrist.

In Group B adopted postures of greatest risk are found
mainly in the trunk which tells us that in those areas necessary to
make changes to avoid future injury.

The image below shows the final results and score of each of
the positions of the members of the operator. See Figure 9.

Resultados del método - RULA {Rapid Upper Limb Assessment)

Antebrazo = 2 Brazo= 3 Cuello=2

Mufieca =3 Giro Mufieca =2 Tronca=4 Pieras = 1

[] []
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Mlsculo =0 hdsculo =0
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To correct the risks that have been given in this analysis it is
necessary to redesign job adapting machinery to anthropometric
measures of increasing the height of this and worker placing better
lighting to prevent visual and body worker effort.

6. CONCLUSIONS AND RECOMMENDATIONS

Assessments carried out in the selected jobs resulted in levels of
postural loads to which they are exposed workers of the company,
in conjunction with the results of the factors evaluated in direct
observations to operators. Through the application of the method,
we can conclude that evaluated ergonomic risks exposure level was
5, he tells us that there is a great risk in postural load exerted by the
operator at the workplace of felons to pump. To correct the risks
that have been given in this analysis it is necessary to redesign job
adapting machinery to anthropometric measures of increasing the
height of this and worker placing better lighting to prevent visual
and body worker effort.

Risk factors of muscle disorders associated with postural
load exerted in these areas of work are: repetition, static postures
and lack of better lighting.

It must be a redesign at the workplace of the operator since it
performed repetitive activities, which can cause permanent damage
but this has not been presented yet and thus prevent future injury to
other workers.
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Resumen

La evolucion de la tecnologia relacionada a los aparatos telefonicos
ha mostrado un répido ritmo de cambio; desde los teléfonos fijos de
los primeros dias hasta la aparicion de los teléfonos celulares, la
interaccion hombre-maquina ha cambiado significativamente.
Actualmente, el uso de teléfonos inteligentes es una practica comun
por la mayoria de la poblaciéon y dado que su forma de uso es
variante, la gente ha desarrollado habitos que afectan su salud. Esta
fue la principal razén que motivo la realizacién de este estudio
cualitativo en una muestra de 23 individuos en la que se recolectd
informacion sobre sus habitos, la medida de sus manos y la forma
en que interactiian con su teléfono. Los resultados mostraron que
87% de los participantes sufre molestias relacionadas al uso del
aparato, 100% de ellos adoptan posturas que incrementan la presion
en el cuello en un rango que va de 4.54 y 5.44 hasta 12.25 kg y el
60.87% dedica mas de 4 horas al uso de teléfono. Con esta
informacién se pudo demostrar que los participantes desarrollan
practicas que generan malestar y los hace proclives a enfermedades
como WhatsAppitis o TextNeck. Ademas, esta investigacion
muestra que la relaciéon mano-teléfono, el disefio y la ergonomia no
son factores considerados al comprar un teléfono. La gente ignora
estas variables y prefieren el disefio y la tecnologia a la comodidad.

Palabras clave— Teléfonos celulares, enfermedades tecnologicas,
Whatsappitis.

Abstract

The evolution of technology regarding telephonic devices has
shown a fast pacing of change, from the early days of dial phones
to the disruption of mobile phones, the human-machine interaction
has changed a lot. Nowadays, the use of smartphones is a common
practice by most of the population and because its mode of use is
varied, people have created habits that compromise their health.
This is the main reason that lead us to conduct a qualitative study
with 23 volunteers, in which we collected information about their
habits, the measures of their hands and their positions to interact
with the device. The results showed that 87% of participants had
discomfort related to smartphone use, 100% of them took awkward
postures that increased the neutral muscle strain in the neck from a
range between 4.54 and 5.44 to 12.25 kg, and the 60.87% spent
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four hours or more using them. With this information it could be
demonstrated that participants perform practices that have
generated them discomfort and are prone to diseases like
WhatsAppitis or Text Neck. Furthermore, our research shows that
the proportional ratio between hand and smartphone size,
ergonomics and design issues are not the main issues considered
at the time of buying a new smartphone. People ignore these
relevant issues and consider mainly novelty and technology over
their own comfort.

Keywords— Mobile phones, Smartphones, Technology illness,
Whatsappitis.

1. INTRODUCTION

1.1 Problem statement

Throughout history, it has been proved the innate interest of the
man in acquiring knowledge and the development of technology;
nevertheless the ergonomic integration of technology to the man
has not follow the same rhythm. [1] While the smartphone has
been useful, it has also affected certain aspects of the health of
users.

The main issue of this project is the inadequate use of
smartphones that despite of its numerous advantages also generate
illnesses that compromise the well being of users, from fatigue and
headaches to musculoskeletal disorders and ear canal issues. [2]
Moreover, these devices have been related to a new group of
pathologies called technology illnesses, and one of the most
common is WhatsAppitis, [3] also known as BlackBerry Thumb,
iPod Thumb, Wiitis or Nintenditis. [4]

One of the most important causes to develop this project is
the widespread use of this device across a vast majority of the
population, which is exposed to the risk involved of its use; in
addition, the lack of information of the problem increases the risk.
Moreover, in Mexico there is not much research done on the
subject, despite multiple reports of cases of tendinitis, which could
be related to the use of these devices. [5]

1.2 Literature review

In modern times, mankind uses technology for the development of
their daily activities so that these will be simpler; one of the most
used tools, and which has submitted more technological advances
is the cellular phone, now called Smartphone. They received this
name because of the multiple functions that can be done with them,
from sending a message to control home appliances remotely,
which is why there have been several ergonomic studies on their
impact on the human body.

Studies has determined texting as an activity that could be
harmful, due to the unnatural postures the body acquire, and the
repetitive movements of thumbs, representing a highly risk for all
the users who often practice this activity. [6] Moreover, since in
the US it was determined that 80% of the users send and receive
messages, and the 50% check their email, a significant part of
population are exposed to this risk. [7]

In a study done in Canada, it was observed how users hold
their devices resolving two principal ways to do it: with one or
both hands. When users use one hand to hold it, the thumb is
forced to do a larger amount of repetitive movements, on the
contrary holding with both hands, stress is distributed in both
thumbs achieving a higher performance. [8]

In India, a research showed some of the possible effects of
using smartphones as thumbs and forearms sore, numbness and
tingling, wrist and hand stiffness, and tendinitis thumb. This study
also prove that thumbs are affected by the size of the device while
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writing, and that this may lead to the development of
musculoskeletal disorders. [9]

In 2010, it was determined that the most frequent symptoms
related to cell phone use are pain, fatigue, stiffness and weakness in
the hands, and in some cases difficult to write and to hold small
objects. It was also possible to identify in a population of students
aged 20-29 years, that 18.5% of them have cumulative trauma
disorders of the upper limb, identifying the overuse of cellphone as
the main cause of these symptoms. [10]

Other studies found that there is a direct relationship between
the amount of text messages that are sent and sore thumb, as well as
between the speed of writing, the design of mobile key pad, and the
experience of pain and weakness at the base of the thumb/wrist,
giving a positive result in the diagnosis of De Quervain's tendinitis.
[11]

Associated with cell phone use, there have been diagnosed
diseases like WhastAppitis [3] that was recently identified, and is a
way to call Quervain's tendinitis caused by excessive cell phone
use. This condition causes pain at the base of the thumbs and has
received other names like BlackBerry Thumb, iPod Thumb, Wiitis
and Nintenditis. [4] It is considered an emerging disease because
these symptoms were characteristic of sports and work injuries, not
to the use of smartphones.

Since it has been determined that a key factor to operate a
smartphone is the movement of the thumb on the touch screen, the
performance of users with a conventional QWERTY keyboard was
evaluated as well as other designs with differences on the keyboard
layout. The results showed poor performance when using the
traditional design, which could contribute to discomfort in users.
[12]

Other illnesses related to the use of smartphones deal with the
unnatural exposition to the light emitted by these devices. Given the
fact that in all of these devices is possible to read in total darkness
or in dimly lit rooms, this has become a common practice among
users, which, according to studies by the Mayo Clinic, [13]
represents another factor of risk associated with alterations in the
sleep cycle. Other research has demonstrated that the exposure of
two hours in[ithe light of smartphones and tablets significantly
reduces levels of melatonin, a condition that causes sleep disorders.
[14]

Other of the most common syndromes related to the use of
smartphone is the Text Neck, which is a chronic pain in shoulders
and neck, due to the tension of keeping the same inclination of the
neck while using the device. [15] In 2014, Hansraj determined that
an inadequate posture dramatically increases the muscle strain of
the neck, which regularly is between 4.5 and 5.4 kg, to 27.22 kg.
[16]

With the purpose of reducing or eliminate the impact of an
inadequate operation of mobile devices on the human body, there
have been developed diverse strategies; one of them is the design of
ergonomic devices which adapt the mobile appliances to the man;
however many users consider expensive or unnecessary getting
these kind of products. [17]

As part of these measures, the department of Environmental
Health and Safety released a series of practices and guidelines to
prevent musculoskeletal injuries from the use of mobile devices and
promote ergonomics in the office. [18] While other organizations
such as the European Commission, have done assessments about
the impact of these mobile devices in the workplace, considering
both the physical and psychological impact, in order to promote
ergonomics and the creation and implementation of norms that
regulate the use of mobile devices in the workplace. [19]

Moreover, on 2014 the Wall Street Journal published an
article based on previous works of Hedge and Greiner in which, it
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became known a method for the selection of the ideal screen size
of a smartphone, in order to reduce discomfort and prevent
injuries, In this method, two measures are required, the thumb
length and length of the separation between thumb and forefinger.
[20]

2. OBJECTIVES
Main objective:
To diagnose risk practices done by smartphone users.

Specific objectives:
e  to gather information of how smartphones are used
e to evaluate the postures that users acquire
e to verify if users use a suitable device according to the
size of their hands

3. DELIMITATION
This research was established as a descriptive cross-sectional study
with a qualitative focus, so we decided to work over a non
representative sample.

Given the fact that this field has the potential for future
studies, further research is considered on a wider sample and with
different demographic profiles as gender, sample and age.

4. METHOD

A study was conducted with a non-quantitative 23 people sample,
in an age rank from 20 to 30 years old. The research consisted in
four stages:

1) Survey: a survey was applied to the participants in order
to obtain data about their Smartphone and if there has
been any discomfort related therewith.

2) Measurement of the hand: taking the hand anthropometry
considerations developed by Alan Hedge at Cornell
University [21] and Thomas Greiner in the U.S. Army
[22] as a base, we took two measures. The first was the
length of the thumb in order to determine the maximum
reach of it over the screen of the device, and the second
was the distance between the thumb base and the index
finger first phalange.

3) Measurements of the cell phone: Participants' cell phone
measures were taken with a Vernier caliper, with an
accuracy of 0.01 mm, measuring the length, width and
thickness of the device with and without cell case or
protector.

4) Front-side pictures: we took front-side pictures of the
participants using their smartphone. They were put in
two situations: in the first one the participant was asked
to write a message, and in the second to look for an app,
this in order to observe the neck's inclination, which was
measured using squares and protractors, and then
determine the pressure that is exerted in the "backbone"
[16].

5. RESULTS

After the analysis of the information from the survey with the
sample of 14 men and 9 women ranging from 20-30 years old, we
observed that of the 23 main sample, 7 chose their smartphone by
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the price as the most frequent factor, followed by other factors like
screen size, as shown in the table 1.

Table 1: Factors to select of the Smartphone.

Factors to select of the Smartphone

Screen Design Price Brand Other Total
size

4 3 7 3 6 23

Also, we found that of the total participants, 60.87% daily
spend 4 hours or more using their smartphones.

As shown in Table 2, more than half of those surveyed said
that it is easy to hold and manipulate the device but despite the
above, Table 3 shows that only 3 of the 23 people polled do not
have discomfort associated with the use of smartphone.

The discomforts more mentioned by participants were pain in
thumbs and pain in finger, followed by other ailments shown in
Table 4.

Table 2: Manipulation of the device.

Comfort to hold Easy to operate

Yes No Yes No
13 10 14 9
. Have Have discomfort
discomfort
11 12

Table 3: Frequency of user with discomforts

With discomfort Without discomfort

20 3

Table 4: Symptoms presented

Symptom Frequency
Pain in thumbs 9
Pain in wrist 3
Pain in arms 1
Pain in fingers 4
Numbness in hand 1
Numbness in thumbs 2
Numbness in fingers 3
Numbness in arm 1
Visual discomfort 1

Regarding the use of a smartphone case, we found that 11
participants used it and 6 of them mentioned to have felt a positive
influence with the cover when handling the device.
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Following with the steps described in the Method section,
with the acquired information in stages 2 and 3 shown in Table 5,
it was determined if the size of smartphones were appropriate to
the size of each respondent's hand according to the length of the
thumb and the separation between the base of the thumb and the
first phalanx of the index finger. With the first measurement is
determined the percentage range of the screen, which may be the 5,
50 or 95% of'it, and the second is use to establish the Smartphone
grip, which also is classified into 5, 50 or determined 95%.

According to the indicated method, first the extent of thumb
is determined to set the size of the ideal display, between 4, 5 and 6
inches for the 5, 50 and 95% respectively. Then it is established
whether the second measurement is greater than 5%, if this
condition does not happen, then the size of the device must be
smaller than the correspondent of the first measurement.

Table 5: proportional ratio of hand measurement.

Hand size (cm)

Number | Thumb | % Separation %
1 6 50 7 95
2 6.5 50 6.5 95
3 6.5 50 7.5 95
4 6 5 7.5 95
5 6.8 50 6.4 95
6 6.5 50 6.5 95
7 6.5 5 5.8 50
8 5.5 5 6.5 95
9 6.5 50 5.5 50
10 6.5 50 7 95
11 7.9 95 7.5 95
12 7 95 8 95
13 7.5 95 6.8 95
14 5.5 5 8 95
15 6.5 50 7 95
16 7 95 7 95
17 5.7 5 8 95
18 6.8 50 7 95
19 7 95 7 95

20 6.5 50 8 95
21 6.2 5 5 5
22 6 5 6.5 95
23 6 5 7 95

Table 6: relation real vs ideal size and presence of discomfort.

Screen size (in)
Ideal Real
1 5 4.99 No

Number Discomfort

Pagina 114



Ergonomia Ocupacional. Investigaciones y Soluciones. Vol 8 | 2015
2 5 No C 45°-59° 22.23
3 5 No D 60° - 89° 27.22
4 4 3.8 Yes
5 5 5 Yes
6 5 4.5 Yes
7 4 3.5 Yes
8 4 4 Yes
9 5 3.2 Yes
10 5 3.7 Yes
11 6 3.5 Yes
12 6 4 Yes
13 6 5.5 Yes
14 4 4 Yes
15 5 3.5 Yes
16 6 4 Yes
17 4 3.5 Yes
18 5 Yes
19 6 Yes
20 5 Yes
21 4 4.3 Yes
22 4 4.5 Yes
23 4 43 Yes

As seen in Table 7, only 6 persons used a device of right size,
nevertheless the 83% of the sample presented discomfort to use
them.

Table 7: Discomfort related to the Smartphone’s size

Large Ideal Small Totals
2 6 15 23
Yes No Yes No Yes No
2 0 5 1 13 2 23 |

With the pictures taken in the stage 4 of the method
proposed, as seen in the example of Figure 1, and with the Table 8
as a base, it was possible to determine that more of the 50% of the
participants took a position in which their heads tilt exerts a tension
of 18.14 kg in the neck, in the first situation, as shown in Table 9.

Meanwhile that in the second situation a 43% were located in
the group A, like in the B, this represented in Table 10.

Table 8: inclination and weight ratio.

Inclination angle Weigtﬁz zﬁ:;?d in
Neutral 0°-14° 4.54-5.44
A 15°-29° 12.25
B 30° - 44° 18.14
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Table 9: Situation 1, texting.

Situation 1

A 9
B 13
C 1
D 0

Table 10: Situation 2, looking for an App.

Situation 2

A 10
B 10
C 3
D 0

CONCLUTION

After analyzing the information acquired, it was determined that
although respondents suffered discomfort and several symptoms,
they were unaware that the cause was the use of the smartphone.

It was also determined that the size of the smartphone and
the amount of time spent using it daily, are correlated variables on
the problem; this means that even though the users were using a
suitable smartphone for their hands, if they spend a huge amount of
time in continuous use, the probability of pain and discomfort
increases. In an opposite way, even with a device not suitable for
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their hands, if users spend a reasonable time using it, they will not
suffer pain or discomfort.

Also it was possible to determine that the users adopt risky
positions while using the smartphone, especially at the moment of
writing text messages, so they are exposed to suffer
musculoskeletal injuries like the Text Neck.

It was not possible to determine if the smartphone cases made
the manipulation of the device easier, so that a further more detailed
study on the topic would be needed later.

5. REFERENCES

[1] Ip, W., 2012, Ergonomics in a changing world, Industrial
Engineer, Engineering and Management Solutions at Work, 44(11),
p40-44.

[2] Szyjkowska, A., Gadzicka, E., Szymczak, W., Bortkiewicz, A.,
2014, The risk of subjective symptoms in mobile phone users in
Poland-An epidemiological study, International Journal of
Occupational Medicine & Environmental Health, 27(2), p293-303,
DOI: 10.2478/s13382-014-0260-1.

[3] Fernandez, 1., 2014, WhatsAppitis, The Lancet, 383(9922),
p1040.

[4] Minter, T., 2013, January 1, Ergonomics & the Mobile
Environment, American Society of Safety Engineers.

[5] ISSSTESON: Instituto de Seguridad y Servicios Sociales de los
Trabajadores del Estado de Sonora, April 17 2014, Alerta
ISSSTESON por lesiones en tendones por uso prolongado de
teléfonos inteligentes, [Online] Recovered from
http://www.isssteson.gob.mx/index.php/articulos/ver/491

[6] Occupational Safety and Environmental Health. Texting and
Smartphone ergonomics, October 25 2014, Recovered from
http://www.oseh.umich.edu/pdf/ergonomics/Texting%20and%20S
martphone%20Ergonomics.pdf

[7] Duggan, M., Rainie, L., 2012, Cell phone activities 2012, Pew
Internet and American Life Project, Washington, D.C.

[8] Trudeau, M., Young, J., Jindrich, D., Dennerlein J., 2012,
Thumb motor performance is greater for two-handed grip compared
to single-handed grip on a mobile phone, Proceedings of the human
factors and ergonomics society annual meeting, 56(1), 1887-1891
DOI: 10.1177/1071181312561274.

[9] Deepak, S., Ajeesh, P., 2012, Risk factors and clinical features
of text message injuries, IOS Press, 41(1), 1145-1148 DOI:
10.3233/WOR-2012-0294-1145.

[10] Eapen, C., Kumar, B., Bhat, AK., 2010, Prevalence of
cumulative trauma disorders in cell phone users, Journal of
Musculoskeletal Research, 13(3), p137-145, DOLI:
10.1142/S0218957710002545.

[11] Ali, M., Asim, M., Danish, SH., Ahmad, F., Igbal, A., Hasan,
SD., 2014, Frequency of De Quervain’s tenosynovitis and its
association with SMS texting, Muscles Ligaments Tendons J., 2014
May 8, 4(1), 74-78.

[12] Trudeau, MB., Sunderland, EM., Jindrich, DL., Dennerlein,
JT., 2014, A Data-Driven Design Evaluation Tool for Handheld
Device Soft Keyboards, PLoS ONE, 9(9): ¢107070,
DOI:10.1371/journal.pone.0107070.

[13] Mayo Clinic Health Letter, 2013, Avoid sleep difficulties
associated with mobile devices, Mayo clinic Health Letter, 31(11),
4.

[14] Wood, B. Rea, M., Plitnick, B. y Figueiro, M., 2013, Light
level and duration of exposure determine the impact of self-
luminous tablets on melatonin suppression, Applied Ergonomics,
44, p237-240.

[15] Wood, L., 2013, Mobile's new ergonomics, Computerworld,
47(20), p19-21.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

[16] Hansraj, K., 2014, Assessment of stresses in the cervical spine
caused by posture and position of the head, Surgical technology
international, 25, 277-279.

[17] Stawarz, K. y Benedyk, R., 2013, Bent necks and twisted
wrists: Exploring the impact of touch-screen tablets on the posture
of office workers, The 27th International British Computer Society
Human Computer Interaction Conference: The Internet of things,
London, England.

[18] Environmental Health and Safety, 2013, Ergonomics
Guidance for Mobile Devices, Sanford University, Recovered from
https://web.stanford.edu/dept/EHS/prod/general/ergo/documents/la
ptop_guide.pdf.

[19] Directorate-General for Employment, Social Affairs and
Inclusion, 2010, The increasing use of portable computing and
communication devices and its impact on the health of EU
workers, Luxembourg, European Commission, DOI:
10.2767/29806.

[20] Fowler, G., 2014, Find the Best Phone-Screen Size for You,
The Wall Street Journal, March 26, 2014, Recovered from
http://www.wsj.com/articles/how-to-find-the-phone-that-fits-your-
hand-1395795606.

[21] Cornell University Ergonomics Web, 30, March 2015,
Ergonomics: Human-Centered Design, Cornell University,
Recovered from http://ergo.human.cornell.edu.

[22] Greiner, TM,. Hand Anthropometry of U. S. Army Personnel,
Massachusetts, 1991.

Edith Ivonne Martinez Salazar: She attends undergraduate
studies at the Instituto Tecnologico de Cd. Madero in Mexico,
where she pursues the degree of Bachelor of Sciences with a major
in Industrial Engineering. She is an active member of the Institute
of Industrial Engineer Chapter 965.

Juana Esmeralda Castillo Hernandez: She attends
undergraduate studies at the Instituto Tecnologico de Cd. Madero
in Mexico, where she pursues the degree of Bachelor of Sciences
with a major in Industrial Engineering. She is an active member of
the Institute of Industrial Engineer Chapter 965.

Jorge Alberto Galvez Choy: He is a full time professor of
engineering at the Instituto Tecnologico de Cd. Madero where he
teaches both basic and advanced research workshops. He is author
and coauthor of papers regarding ergonomics, logistics and
engineering education.

Valeria Treviiio Rodriguez: She attends undergraduate studies at
the Instituto Tecnologico de Cd. Madero in Mexico, where she
pursues the degree of Bachelor of Sciences with a major in
Industrial Engineering. She is an active member of the Institute of
Industrial Engineer Chapter 965

Pagina 116



Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

Recommendation to Improve the Multipliers of Job Strain
Index

Dr. Pedro Wriu Valenzuela; Lucero Garcia Alvarado; Maricela
Yépez Herndandez; Luis Gracia Gonzdlez;, Perla Garcia Picazo;
Rosendo Alvarado Carrillo.

* Maestro de Ergonomia UANE. pedrowriu@yahoo.com.mx.
Monterrey NL

¢ Alumnos Maestria en Salud Ocupacional UANE Campus
Matamoros

lugarcia.alv@gmail.com; yepez_l@hotmail.com;
luis_gragon@hotmail.com; dralvaradocarrillo@hotmial.com;

Resumen

El Método Job Strain Index es una herramienta ergondmica
ampliamente utilizada. Debido a que los resultados de la aplicacion
del método son bajos (menos de 3, el trabajo es seguro, de 3 a 7 es
moderado y arriba de 7 es alto) y al momento de aplicarlos en la
estacion de trabajo, los resultado son muy elevados, se pretende
valorar si los multiplicadores de las 6 variables son correctas o se
pueden modificar para tener un resultado mas real. Se evaluaron 60
puestos de trabajo en video. Los resultados mostraron que un 90%
de los puestos de trabajo se encuentran por arriba del valor tolerable
(arriba de 7), con cifras variables (minima 9 y la maxima 243), los
resultados mayores al doble del valor tolerable representan el 87%,
es importante mencionar que el 88% de los valores del
multiplicador de intensidad del ejercicio se encuentran en los
multiplicadores de 3 y 6. Debido a esta situacion, se sugiere
modificar los resultados de JSI a valores mas manejables y creibles,
con intervalos de 0.5 en el multiplicador de la intensidad del
ejercicio.

Palabras clave—Job Strain Index, Movimiento repetitivo,
Multiplicadores.

Abstract

The Job Strain Index method is an ergonomic tool widely used. Due
to the results of the application of the method are low (less than 3,
the job is secure, 3-7 is the job is moderate and above 7 the job is
high) and when to apply them in the workstation, the results are
very high, the aim of the study was to assess whether the multipliers

of the 6 variables are correct or can be modified to have a result of

the Job Strain Index more in line with the reality. The study was to
evaluate the repetitive movements in 60 jobs in video. The results
showed that 90% of jobs are above the tolerable value (above 7),
with variables (minimum 9 to maximum 243), the higher results
than twice the tolerable value representing 87%, in addition, is
important to mentioned that 88% of current multiplier values are in
multipliers 3 and 6. As a result of this situation, we suggested to
modify the results of JSI to more manageable and credible values.
With intervals of 0.5 in the multipliers of the intensity exercise.

Keywords— Job Strain Index, Repetitive Motion, Multipliers
Relevance to Ergonomics:

Offer more realistic values for the JSI method and improve the
preventing injuries from repetitive ergonomic factors in

workstations.

1. INTRODUCTION
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The Job Strain Index method (JSI) is an ergonomic method for
evaluating workstations for determining whether the workers who
occupied them, are exposed to developing skeletal muscle injuries
of the distal upper extremity due to repetitive movements, which
means making the same thing over and over again, Kilbom
considers to be repetitive motion if the shoulder moves more than 3
times per minute, elbow/wrist more than 10 times per minute and
the fingers more than 200. The JSI the product of 6 factors
calculated by multiplying the intensity of effort, duration of effort,
efforts per minute, hand/wrist posture, work rate and duration per
day for the task. And where the valuation of the score or outcome
is measured according to the following criteria: less than 3 indicate
that the task is safe, of 3-7 is moderate and above 7 indicates that
the task is dangerous.

The repetitive motion can cause a musculoskeletal pathology,
called the Carpal Tunnel Syndrome (CTS), which is the
entrapment of the median nerve in the carpal tunnel at the wrist.
The STC may be caused and aggravated by work. Clinical data
may include pain, numbness in the hand, thumb, index and middle
and loss of sensation. The signs of Flick, Phalen and Tinnel’s test
positive are characteristic of STC.

The current values of JSI are: light intensity (1), a little hard (3),
hard (6), very hard (9), close to maximum (12). Due to such a wide
range in intensity multiplier task of JSI, which offers very high
performance method, this study was conducted with the aim of
offering values more adequate to the reality in the companies in
Mekxico.

2. METHODOLOGY

In this project observational, descriptive, transversal non-
comparative research repetitive movements of a finite population
of 60 jobs were evaluated in video of the maquiladora industry in
northeastern Mexico using the values of intensity multiplier
method Strain Index.

3. RESULTS

The results showed that 90% of jobs are above the tolerable value
(above 7), with variables (minimum 9 and maximum 243) figures,
higher results than twice the tolerable value representing 87%
important to mention that 88% of current multiplier values are in
multipliers 3 and 6. We evaluated two options of multipliers of the
values of intensity of the task. Option 1 was to review the videos
giving values 1, 2, 3, 4, and 5. Option 2 was to values of 0.5, 1,
1.5,2and 2.5

4. CONCLUSIONS

We conclude that using multipliers with intervals of 0.5 in the
variable of the intensity exercise are in a value close to the
maximum tolerable range. Because of this situation, it is suggested
to modify the results of JSI to more manageable and credible
values. But regardless of the range multiplier intensity of the task,
a risky activity is changed, remains dangerous for workers.
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Resumen

En este articulo se presenta un estudio descriptivo para la
evaluacion ergonomica de un puesto de trabajo realizado en una
empresa del sector Metalmecanico. El estudio fue realizado para
identificar los factores de riesgo de tipo musculo-esquelético para
los trabajadores y el nivel de medicion. Para ello se utilizo el
método ecuacion de Niosh que nos permite evaluar tareas en las
que se realizan levantamientos de carga, con lo cual se obtuvo el
peso limite recomendado (RWL: Recommended Weight Limit)
que es posible levantar en las condiciones del puesto. Tambié se
utilizo el método RULA para evaluar la exposicion de los
trabajadores a factores de riesgo que pueden ocasionar trastornos en
los miembros superiores del cuerpo: posturas, repetitividad de
movimientos, fuerzas aplicadas, actividad estatica del sistema
musculoesquelético. Como resultados del analisis se identificaron
las posturas que presentan riesgo a los trabajadores y el peso
maximo recomendado de levantamiento de carga.

Palabras clave— Analisis ergondmico, Posturas, Riesgos

Abstract

This paper presents a descriptive study for the ergonomic
evaluation of a job, which was carried out in a metalmechanic
compaily. The study was conducted to identify risk factors for
musculoskeletal type and the level of measurement in workers. For
that, we used the Niosh Equation to evaluate tasks of load lifting,
with which we obtained the Recomended Weight Limit (RWL) that
is possible to lift in the Job conditions. Also, we used the RULA
Method to evaluate the exposure of workers to risk factors that may
cause disturbances in the upper limbs: postures, repeatability of
movements, applied forces, static activity of the musculoskeletal
system. As analysis results, we identified the postures that present
risk to workers and the RWL.

Keywords— Ergonomic analysis, Postures, Risks

1. INTRODUCTION

The main purpose of ergonomics according to Melo[ 11], is the
adaptation of the medium to man, leaving aside the typecasting of
the concept in the work area. In the metal industry there are
numerous tasks with high physical load (heavy load handling,
inadequate working postures, repeatability of movements, etc.).
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According to published data by Instito Nacional de Seguridad e
Higiene en el Trabajo (INSHT, 2007), 30.7% of workers expressed
complaints of inadequate design aspects of their jobs.[ 12]

In Meéxico, according to statistics from Instituto Mexicano del
Seguro Social (IMSS), in 2013 were reported 409,119 accidents at
work, 5,167 work-related disease and 953 deaths from accidents at
work.[ 19]

In Sonora, in 2013 were informed 16,713 accidents at work, where
11,463 were males. Regarding to disturbances were reported 28%
in wrist and hand; 8.24% in abdomen, lower back, lumbar spine
and pelvis; and 9.9% in upper limbs.

In interviews conducted with operators of the organization under
study in Navojoa, Mexico, declare that the main discomfort
operators are back, arms and shoulders. This is because they are
constantly performing load handling overexertion and awkward
postures. Consequently, after work, they feel tired and have pain in
these areas.

1.1 PROBLEM STATEMENT

Based on the interviews with workers, it was observed that the lack
of information to carry out the lifting and tasks are affecting the
health of workers. As for the application of checklists[ 13], the
company showed 87% of workers present risks for lifting, 75%
risks for postures and according to the Lifshitz and Armstrong
checklist[ 14], 50% of workers presents risks for repeatability (see
Figure I).

OCCUPATIONAL HAZARDS
100% -

0% - —

Load Lifting Postures Repetitivity

PERCENTAGE OF
HAZARDS

Figure 1. Occupational hazards (Source. Own elaboration)
Therefore the problem statement is defined as:
What is the degree of ergonomic risk that occurs in the jobs?

We assume that a poor design of jobs affects the health and
integrity of workers.

1.2 JUSTIFICATION

The direction of this research is to have specific assessments of
ergonomic hazards for workers in the industry, as they are in the
main statistics of accidents in the “Secretaria de Salud”. With this,
it is possible to obtain different types of benefits. For example,
Larson[ 15] realized a study in the company 3M, where the main
benefits achieved were 73% of exposures higher risk identified
were eliminated by applying a combination of redesign work,
technical controls and administrative controls.

Therefore, methods regarding to ergonomic evaluation were
applied without interrupting their work activities, and thus be able
quantify the actual situation obtaining measurable data that will
serve to develop proposals for improvement.
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1.2 OBJECTIVE

Evaluate ergonomic risks in a job of Metal-mechanics industry, in
order to make a proposal for ergonomic improvement in the
productive system and optimize the interrelation Man-Machine-
Environment in operations.

1.2 SPECIFIC OBJECTIVE
e  Evaluate the degree of ergonomic risk by NIOSH equation.
e  Evaluate ergonomic risks for repeatability by RULA.

1.3 DELIMITATIONS

The study was conducted in a Metal-Mechanics Company, in
particular, the area of machinery and operators.

The jobs considered for analysis were the positions where loads are
handled, where have poor posture, or where repetitively was
detected.

2. METHOD

2.1 SUBJECT OF STUDY

The subject of study was a Metal-Mechanics Company, specifically
from machinery and operators, where the main service is lathe and
rectified.

2.2 PROCEDURE
The procedure was the following:

1) Determine the operation and worker to be evaluated with
distinct methods

2) Observe to worker during a time period.

3) Take video and photos during the observation of the worker
without interrupting task while the worker conducted the NIOSH
and RULA Methods.

4) Collect relevant data origin and destination for the realization
of Equation NIOSH method.

5) Calculate the multiplier factors of NIOSH Equation for the
task at the origin and destination of lifting.

6) Determine the value of the Maximum Recommended Weight
(RWL) for origin and destination of lifting by NIOSH Equation.
7) Calculate the lifting index.

8) Select the postures to evaluate for RULA Method.

9) Observe the photographs and determine angles.

10) Determine the scores for each body part.

11) Obtain the final score of RULA method and the level of
performance to determine the existence of risks.

2.3 MATERIALS

Chronometer

Calculator

RULA Worksheet

Equation NIOSH Worksheet
Photo camera

3. METHODOLOGY
3.1 NIOSH EQUATION

In 1981, the U.S. DEPARTMENT OF HFALTH AND HUMAN
SERVICES through the National Institute for Occupational Safety
and Health published the first release about NIOSH Equation
Error! Reference source not found.]; subsequently was published
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in 1991 a second release in which new advances were collected,
allowing to evaluate asymmetric lifting with grips of non-optimal
load and a greater range of time-frequency lifting. Besides in this
release was included the lifting index (LI) which is an indicator
that permits to identify hazardous uprisings.[ 16]

Both releases were elaborated considering three criterion: i)
Biomechanical, which limits the stress in the lumbosacral region.
This is the most important in infrequent uprisings but require
overexertion. ii) Physiological, which is limited to metabolic stress
and fatigue associated with repetitive tasks. iii) Psychophysical, is
limited to the load, which is based on the perception of the worker
regarding to his’her own capacity, applicable to all types of tasks,
except those in which a frequency lifting high is given (more than
6 uprisings per minute).[ 16]

The review of the equation conducted by the committee of NIOSH
in 1994 completes the description of the method and its limitations
(see Table 1). After this last review, the NIOSH equation
determines the recommended weight limit (RWL), from the
quotient seven factors, being the risk index associated to lifting, the
quotient between the weight of the load lifted and the
recommended weight limit for thoses specific conditions equal to
the lifting index (see Figure 2).[ 16]

_ Load Weight ) _ L
Recommended Weight Limit RWL

Figure 2. Lifting index (Source .Waters, Putz-Anderson, & Garg,
1994)

* IF IL<1 the task can be performed by most workers
without causing problems

* IF IL is between 1 and 3, the task may cause problems
for some workers. It's Convenient study the job and
make the necessary changes.

. IF IL >3 Task will cause problems to the most of the
workers. This should be modified.

NIOSH equation evaluates tasks where the loads lifting are
realized, offering as a result the maximum recommended weight
(RWL: Recommended Weight Limit) which is possible to lift in a
job, in order to avoid the appearance of back pain and others back
problems.

The intermediate results are used to support the evaluator to
determine the changes to be introduced in job to improve the
conditions of the lifting.[ 16]

NIOSH equation limit recommended weight calculated by the
formula shown in Table 1.

Table 1. NIOSH Equation (Source. Ergonomics Plus, 2011)

NIOSH EQUATION

RWL=LC-HM:-VM-DM:-AM:-FM--CM

LC | Load constant

Horizontal location of the object relative to the
body

VM | Vertical location of the object relative to the

HM

Pagina 120



Ergonomia Ocupacional.

Investigaciones y Soluciones. Vol 8 | 2015

floor

DM | Distance the object is moved vertically

AM | Asymmetry angle or twisting requirement

FM | Frequency and duration of lifting activity

Coupling or quality of the workers grip on the

. object

Standard lifting location
The standar lifting location (Figure 3), refers to the position
considered optimal to carry out the load lifting; any deviation from
this reference implies a shift away from the ideal conditions for
lifting.[ 13]

This standard posture is presented when the distance (projected in
a horizontal plane) of the grip point and the midpoint between the
ankles is 25 centimeters and vertical, from the point of gripping to
the ground 75.

N 7 HORIZONTAL

HORIZONTAL I, @,

COCATION
J—e7 % _EEpe—_,

I‘ MID-POINT BETWEEN
INNER ANKLE BONES

VERTICAL
LOCATION

HORIZONTAL

MID-POINT BETWEEN I"—h‘
INNER ANKLE BONES HORIZONTAL
LOGATION

POINT OF PROJECTION

Figure 3. Standard lifting location (Fuente. Waters, Putz-
Anderson, & Garg, 1994)

Application of the method

The application of the method begins with the observation of the
activity developed by the worker and the determination of each of
the tasks performed. From this observation, it must be determined
whether the position will be analyzed as a single or multi-tasking
task.[ 13]

Then, for each of the determined tasks, determine if there is
significant control of the load destination of the lifting. Usually the
most problematic part of an uprising is the beginning of the
uprising, because it is where greater efforts are made. Therefore
measurements are usually made at the origin of the movement, and
from them the recommended weight limit is obtained.[ 13]

Once determined the tasks to be analyzed, and if there is control
of the load destination, It is advisable to collect the relevant data for
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each task. These data should be collected at the origin of the
uprising.

The data collected are:

e The weight of the object manipulated in kilograms
including its possible container.

e The horizontal (H) and vertical (V) distances between
the gripping point and the projection on the ground of
the midpoint of the line joining the ankle (see Figure
2).

e The frequency of uprisings (F) on each task. Determine
the number of times per minute that the worker lifts
the load on each task.

e The Duration of Lifting and the Recovery Times.
Establish the total time spent in the uprisings and the
recovery time after a period of lifting.

e The Type grip classified as Good, Fair or Poor. In later
sections will indicate how to classify different types
of grip.

e The angle of asymmetry (A) formed by the sagittal plane
of the worker and the load center (Figure 4).
Asymmetry angle, is an indicator of twisting of the
trunk of worker during the lift.

@ Pick-up

Figure 4. Asymmetry angle measurement. (Source. Ergonomics
Plus, 2011)

With the data, we must to calculate the multiplier factors of the
equation NIOSH (HM, VM, DM, AM, FM and CM). The
calculation of each factor will be discussed in later sections. With
the factors, the RWL for each task is obtained by applying
equation NIOSH:

RWL=LC-HM:-VM:-DM:-AM:-FM-CM

Where LC is the load constant and the remaining terms of the
second member of the equation are multipliers that take the value 1
in the case of a lifting in optimal conditions, and values closer to 0
mean the deviation of lift conditions regarding the ideal. Therefore
RWL takes the value of LC (23 kg) if it refers to an optimal lifting.
Lower values refer to improper liftings.[ 16]

Calculations of multiplier factors

HM (Horizontal multiplier). Horizontal distance factor
Penalizes uprisings in which the load is lifted away from the body.
To calculate the following formula is used:

HMzﬁ
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Where H, is the projected distance in a horizontal plane, between
the midpoint between the grips of the load and the midpoint
between the ankles (Figure 3). Take into account that:

If H is less than 25 cm., HM will be a value of 1
If H is greater than 63 cm., HM will be a value of 0

When H can not be measured, it is possible to obtain an
approximate value by the equation:

H=20+w/2si V>25cm
H=25+w/2si V<25cm

VM (Vertical multiplier). Vertical distance factor.
Penalize lifting with source o destination in very low or very high
positions. It is calculated using the following formula:

VM=(1-0,003 |[V-75)

Where V is the distance between the midpoint between the grips
of the load and ground measured vertically (Figure 3). It is easy to
check it out in the standard position of the uprising, the height
factor is 1, since V is set to 75. VM decreases as the origin height of
the lifting is separated of 75 cm. Take into account that:

If V>175 cm, VM is set to 0.

DM (Distance multiplier). Vertical displacement factor
Penalizes the uprisings, in which the vertical path of the load is
large. The formula used for calculation is:

4.5
DM =082+ F

Where D is the difference, taken in absolute value between the
height of the load at the start of the uprising (V at the origin) and at
the end of the uprising (V destination). Thus DM decreases
gradually with increasing slope of the uprising.

D=|Vo-Vd|
Take into account that:

If D<25c¢cm, DM is setto 1
D may not exceed 175 cm

AM (Asymmetry multiplier) Asymmetry factor

Penalizes the uprisings that require twisting of the trunk. If the
lifting of the load begins or ends its move outside the sagittal plane
of the worker will be a asymmetric lifting. In general, asymmetric
uprisings should be avoided. To calculate the asymmetry factor the
following formula is used:

AM=1-(0,0032 A)

Where A is rotation angle (in sexagesimal degrees) to be
measured as shown in Figure 3. AM takes the value 1 when there is
asymmetry, and its value decreases with increasing angle of
asymmetry. So it is considered:

If A>135° AM is set to 0

If there is significant control of the load at the destination AM
should be calculated with the value of A at the origin and the value
of A at the destination.

FM (Frequency multiplier). Frequency factor
Penalizes lifts made frequently for extended periods or no
downtime. The frequency factor can be calculated from Table 2
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from the working time and frequency, and vertical distance of the
uprising.

Time Duration Recovery time

<=1 hour |Small at least 1.2 times the working time

o2 Moderate | at least 0.3 times the working time
hours

>2 - 8

hours Long

To calculate the required duration of the work in Table 2, Table
3 should be used.

Table 2: Frequency Factor Calculation.( Source. (Ergonautas.
Departamento de Proyectos de Ingenieria de la Universidad
Politécnica de Valencia)

DURATION OF WORK
FRE]SVI/JEECY SMALL MODERATE LONG
v<75 | v>75] V<75 | v>75 | V<75 | V>75
£0,2 1,00 ||1,00 [095 [0095 Jo0,85 [0,85
0,5 097 ]0,97 [092 [092 [081 [0,81
1 094 ] 0094 [0.88 [088 |0,75 |[0,75
2 091 [091 J[o,84 [o0,.84 [o065 [0,65
3 088 |088 [0,79 [0,79 [0,55 0,55
4 084 |084 [0,72 [o0,72 [045 [o0,45
5 0,80 | 0,80 0,60 [060 ]035 [0,35
6 0,75 ] 0,75 0,50 [0,50 ]0,27 [0,27
7 0,70 0,70 042 Jo42 022 0,22
8 0,60 | 0,60 [035 [035 [o0,18 [0,18
9 0,52 0,52 [030 [o030 [000 [0,15
10 045 | 045 [026 [026 [000 [0,13
11 041 ] 041 0,00 [023 [0,00 |0,00
12 037 [037 Jo,00 [o0,21 [0,00 [o0,00
13 0,00 034 J0,00 [[0,00 [0,00 ]o0,00
14 0,00 031 J0,00 [[000 [0,00 ]o0,00
15 0,00 ] 028 [[0,00 [0,00 [0,00 ]0,00
>15 0,00 ] 0,00 [0,00 [0,00 |0,00 | 0,00

Table 3. Calculating the duration of the task (Source. (Ergonautas.
Departamento de Proyectos de Ingenieria de 1a Universidad
Politécnica de Valencia)

CM (Coupling multiplier). Grip Factor
This factor penalizes elevations when the gripping of the load is
poor. Grip factor can be obtained in Table 3 from the type and
height of the grip.
Table 4: Grip factor calculation.( Source. (Ergonautas.
Departamento de Proyectos de Ingenieria de la Universidad
Politécnica de Valencia)

Gripping Type (CM) Grip Factor
v<75 v >=75§
Good 1,00 1,00
Regulate 0,95 1,00
Bad 0,90 0,90
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Good grips are those that are conducted with optimal design
containers with handles or lugs, or those on objects without
container that allow a good grip and the hands can be well
accommodated around the object.

A regular grip is carried out on containers with handles or
lugs not optimal for being inadequately sized, or made holding the
object flexing the fingers 90°.

The poor grip is carried out on poorly designed containers,
bulky items in bulk, or irregular edges, and performed without
flexing the fingers holding the object pressing on its sides.

RULA METHOD (Rapid Upper Limb Assessment)

The Rula method was developed by McAtamney and Corlett
at the University of Nottingham in 1993 (Institute for Occupational
Ergonomics) to evaluate worker exposure to risk factors that can
cause disorders in the upper limbs of the body, such as postures,
repeatability movements, applied forces, and static activity of the
musculoskeletal system.

AccordingError! Reference source not found.], RULA
evaluates specific postures; it is important to evaluate those which
involve a higher postural load. The application of the method
begins with the observation of the worker's activity during various
cycles of work. As of this observation, it should select the most
significant tasks and postures, either by their duration, or because
they present, a priori, a greater postural load.

The RULA divides the body into two groups: group A
includes the upper limbs (arms, forearms and wrists) and, group B
legs, trunk and neck. By means of tables associated to method, a
score is assigned to each body part (legs, wrists, arms, trunk, etc.),
according to these scores, assign global values to each of the groups
A and B.[ 13]

The key for assigning scores to the body parts is the
measurement of the angles formed by the body parts of the
operator.

The final value provided by the RULA Method is
proportional to the risk involved in performing the task, so that
higher values indicate a greater risk of skeletal muscle injury.

Group A: Score of the upper limbs.

Figure 5 shows the diagrams for the score of Group A,
consisting of the arm, forearm and wrist.
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A. Arm and Wrist Analysis
Step 1: Locate Upper Arm Position:

') Y e I's
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20° 20° 20° v 2048+ A
Step 1a: Adjust...
If shoulder is raised: +1
If upper arm is abducted: +1
If arm is supported or person is leaning: -1

Step 2: Locate aner Arm Position:

3 #

,

\Yy \

D =

( = | /

\ ‘.‘ Add +1

\
A

Step 2a: Adjust...

If either arm is working across midline or out to side of body: Add +1

Step 3: Locate Wrist Position:
P g |‘/—— —

12
-------- === Add +1
+2 1% 15+ / :

Step 3a: Adjust...
If wrist is bent from midline: Add +1

Step 4: Wrist Twist:
If wrist is twisted in mid-range: +1
If wrist is at or near end of range: +2

Figure 5. Diagrams for the score of Group A
(Fuente. Ergonomics Plus, 2011 )

Arm Score:

Table 5. Arm Score. (Source. (Ergonautas. Departamento de
Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Points Position
From 20 ° of extension to 20 ° of flexion
1
Extension> 20 ° or 20 ° flexion and 45 °
2
3 Flexion between 45 ° and 90 °
4 Flexion >90°

If the shoulder is raising the score is incremented by 1. If the
arm is abducted score is incremented by 1. If the operator is
supported or weight of the arm is held then the score is reduced by
1.

Forearm Score:

Table 6. Forearm Score. (Source. (Ergonautas. Departamento de
Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Points Position
1 Flexion between 60 ° and 100 °
2 Flexion <60 ° or> 100 °

If the forearm is working across the midline of the body or out of
the side of the trunk then the score of posture is incremented to 1.

Wrist Score:
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Table 7. Wrist Score. (Source. (Ergonautas. Departamento de
Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Points Position

1 If it is in neutral with respect to bending.

If you are flexed or extended between 0° and
15°.
3 For bending or greater extension of 15 °.

2

If the wrist is in radical or ulnar deviation, then the posture score
is increased to 1.

Group B: Score for legs, trunk and neck.
Figure 6 shows the diagrams for the score of the group's position B,
formed by the neck, trunk and legs.

B. Neck, Trunk and Leg Analysis

Step 9: Locate Neck Position:

N N N (o

Step 9a: Adjust...
If neck is twisted: +1
If neck is side bending;: +1

Step 10: Locate Trunk Position:

I(j‘\ . I :-2'.“ +3 20-60° /f‘j/? \\
'S, | \ = gy )
{1 d [ f//)) .

Sltep 10a: Adjust...

If trunk is twisted: +1

If trunk is side bending: +1

Step 11: Legs:

If legs and feet are supported: +1
If not: +2

+1

Figure 6. Diagrams for the score of the group position B
(Source. Ergonomics Plus, 2011 )

Neck Score:

Table 8. Neck Score.Source. (Ergonautas. Departamento de
Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Points Position
1 If you are flexed between 0 © and 10 °
2 If you are flexed between 10 © and 20 °.
3 For more flexion of 20 °.
4 If extended.

If the neck is rotated posture scores are incremented by 1. If the
neck is inclined laterally, the score is incremented by 1.

Trunk Score:

Table 9. Trunk Score. Source. (Ergonautas. Departamento de
Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Points Position

Sitting, well supported and a trunk-hip

1 angle> 90 °
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2 If it is bent between 0 and 20

3 If you are flexed between 20 ° and 60 °.

4 If it is bent more than 60 degrees.

If the trunk is rotated, posture score increases by 1. If the trunk is
inclined to one side (lateral inclination) the score is incremented by
1.

Legs Score:

Table 10. Legs Score. Source. (Ergonautas. Departamento de
Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Point Position

1 Sitting with feet and legs well supported

Standing with the weight distributed
1 symmetrically and space to change position

If your feet are not supported, or if the weight
2 is not distributed symmetrically

Global Score
After obtaining the scores of the group A and group B individually,
assign global score for both groups.
Global Score for Members of Group A .
With scores for arm, forearm, wrist and twist of the wrist, will be
allocated by Table 11 an overall score for group A.
Table 11. Global Score for Members of Group A. Source.
(Ergonautas. Departamento de Proyectos de Ingenieria de la
Universidad Politécnica de Valencia)

Wrist
1 2 3 4
Arm | Forearm Wrist Wrist Wrist Wrist
rotation | rotation | rotation | rotation
1 2 1 2 1 2 1 2
1 1 2 2 2 2 3 3 3
1 2 2 2 2 2 3 3 3 3
3 2 3 3 3 3 3 4 4
1 2 3 3 3 3 4 4 4
2 2 3 3 3 3 3 4 4 4
3 3 4 4 4 4 4 5 5
1 3 3 4 4 4 4 5 5
3 2 3 4 4 4 4 4 5 5
3 4 4 4 4 4 5 5 5
4 1 4 4 4 4 4 5 5 5
2 4 4 4 4 4 5 5 5
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If the load or force exceeds 10 kg., And is
3 static or repetitive.

If abrupt or sudden shocks or forces occur.

3 4 4 4 5 5 5 6 6
5 1 5 5 5 5 5 6 6 7
Trunk
< 1 2 3 4 5 6
2 Legs Legs Legs Legs Legs Legs
1 2 1 2 (1 |2|1(2|1]| 2 1|2
1] 1 3 2 3(3|4|5|5]|6] 6 717
2| 2 3 2 3 (4|5 |5|5]|6]| 7 77
31 3 3 3 4 4|5 |5|]6]|6]|7 717
4] 5 5 5 6 |6 |7 |7|717]17 8 | 8
517 7 7 717188888 8 | 8
6| 8 8 8 8 8889199 9 19
2 5 6 6 6 6 7 7 7
3 6 6 6 7 7 7 7 8
1 7 7 7 7 7 8 8 9
6 2 8 8 8 8 8 9 9 9
3 9 9 9 9 9 9 9 9

Global Score for Members of Group B
Similarly, an overall score for group B is obtained from the score of
the neck, trunk and legs (see Table 12)

Table 12.Global Score for Menbers of Group B. Source
(Ergonautas. Departamento de Proyectos de Ingenieria de la
Universidad Politécnica de Valencia)

Score of the type of muscular activity developed and applied
force

The overall scores, will be modified depending on the type of
muscular activity developed and applied force during the task. The
score of groups A and B will be incremented in one point if the
activity is mainly static (analyzed posture is maintained more than
one minute) or if repeatable (is repeated more than 4 times every
minute). If the task is occasional, infrequent and of short duration,
is considered dynamic activity, and the scores remain unchanged
(see Table 13).[ 13]

Table 13. Score for muscle activity and forces exerted. Source.
(Ergonautas. Departamento de Proyectos de Ingenieria de la
Universidad Politécnica de Valencia)

Points Position
If the load or force is less than 2 Kg. And
0 is performed intermittently.

If the load or force is between 2 and 10
1 Kg. And rises intermittently.

If the load or force is between 2 and 10
2 kg. And is static or repetitive.

If the load or force is intermittent and
2 more than 10 Kg.
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Final Score

The score obtained from the sum of the group A, corresponding to
muscle activity and the due to the forces applied will be renamed
score C. In the same way, the score of the sum of the group B of
muscle activity and the applied forces will be called score D. From
the scores (C and D), an overall final score for the task is obtained,
which range between 1 and 7. It increases how much more higher
the risk of injury. The final Score will be obtained of Table 14.

Table 14. Final Score. Source. (Ergonautas. Departamento de

Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Score D
Score C 1 2 3 4 5 6 7+
1 1 2 3 3 4 5 5
2 2 2 3 4 4 5 5
3 3 3 3 4 4 5 6
4 3 3 3 4 5 6 6
5 4 4 4 5 6 7 7
6 4 4 5 6 6 7 7
7 5 5 6 6 7 7 7
8 5 5 6 7 7 7 7

Finally, knowing the final score, and by Table 15, the level of
action proposed by the RULA be obtained. So the evaluator
determines whether the task is acceptable just as is defined. The
evaluator will be able to identify potential ergonomic problems and
determine the needs of redesigning the task or job. Definitively, the
use of RULA method will allow to prioritize the jobs that should
be investigated.[ 13]

The magnitude of postural score as well as the scores of strength
and muscle activity, indicate the evaluator aspects where they can
find the ergonomic problems of the job, and therefore make
appropriate recommendations to improve it.

Tabla 15. Action Level. Source. (Ergonautas. Departamento de
Proyectos de Ingenieria de la Universidad Politécnica de Valencia)

Level Action

1 When the final score is 1 or 2 position is
acceptable.

2 When the final score is 3 or 4 may be
required changes to the task; is suitable
depth study

3 The final score is 5 or 6. redesigning the
task required; is necessary to conduct
research.
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4 The final score is 7. Urgent changes are
required in the job or task.

4. RESULTS

NIOSH EQUATION
The measures necessary for the calculation of multipliers were
determined (origin and destination). These were: horizontal
distance, vertical distance, displacement, angle, frequency and type
of grip (see Figure 7).

Figure 7. Measures of factors (Source. Own Elaboration)

Table 16 shows the grouped data obtained in the task of rectified,
dividing them into origin and destination.

Table 16. Origin and Destination Data for NIOSH Equation
(Source. Own Elaboration)

Table 18 presents the calculation of lifting index obtained with
the Recommended Maximium Weights and actual load, which is
25 kg.

Table 18. Lifting Index (IL). (Source. Own Elaboration)

Increased

ORIGIN Weidaht 3.754021 risk
Lifting €9 dangerous

" | object/

Index = PMR = Increased

DESTINATION 3.642117 risk
dangerous

RULA METHOD

Figure 8. Position operator (Source. Own Elaboration)

Thg measures of adopted postures (particularly angulars) of

G({ erfnined. The results of analysis of RULA Method gave as a

redfil{ a high increase in arm, forearm and wrist (5, 3 and 3

Obljgs(f)tectively) with postural value of 5. In neck, the value was 4, in

trunk] 2 and legs 1. In neck analysis and trunk the postural value

Vertical Lifting )
. Duration
. distance frequency
. Hands distance ;
ject (cm) Asymmetric angle
ight (cm) (hours) | of
K9)
- S - N Lev.
Origin | Destination Origin | Destination Imi
min. wac 3
_C |H|V]| H V D A A F C
23 |38|0] 61 [ 104 104 90 0 0.85 2-8 hr

With|the values obtained from the two areas, the final punctuation

Table 17 shows multipliers factors obtained for NIOSH equation
and the calculation with which the maximum weight recommended
is obtained for the task of rectified.

Table 17. Multipliers factors and recommended maximium
weight (PMR). (Source. Own Elaboration)

Recomme

PMR = CC x MH x MV x MD x nded

MAS x MF x MC = Maximium

Weight
PM|2]06]07]081]07]0.8

ORIGIN 1315717563 |1 5 1| 6.1267
DESTINAT |[PM | 2| 04 ] 09 | 0.8 0.8

ION R=]3]109] 13 | 63 1 5 If 63150

of analysis was obtained, and the result was 7. Therefore, study
and modify the postures in a inmediate way is ideal in order to
prevent a risk of injury to workers. For that, it is recommended to
increase the height of the machine for reducing the neck and arms
scores. Consequently, the risk of injury is decreased to the
operator.

5. CONCLUSIONS

In the analysis using NIOSH equation, it was obtained that the
Maximum Weight Recommended for the task is 6 kg both origin
and destination. Currently the operator lifts 25 kg, so the IL gave a
higher value of 3, which indicates the importance of taking
measures such as mechanical assistance, reduction in degrees of
rotation, or the reduction of vertical or horizontal distances. On the
other hand, the analysis by the RULA, a degree of occupational
hazard for repetitivity was 7, which indicates that urgent changes
in the job or task are required.
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On the other hand, the analysis by the RULA Mehtod gave a degree
of occupational hazard for repetitivity of 7, which indicates that
urgent changes in the job or task are required because the existence
of high risk of appearance of injuries skeletal muscle. Therefore, it
is recommended to increase the height of the machine to reduce the
score neck and arms and minimize the risk of injury to the operator.

The above recommendations may be useful to improve the health of
the operator and the work area in a more optimal way, and thus
increase company productivity and reduce the risk of injury to the
worker.
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Resumen

El método OWAS basa sus resultados en la
observacion de las diferentes posturas adoptadas por el
trabajador durante el desarrollo de la tarea, permitiendo
identificar hasta 252 posiciones diferentes como resultado de
las posibles combinaciones de la posicion de la espalda (4
posiciones), brazos (3 posiciones), piernas (7 posiciones) y
carga levantada (3 intervalos).

En funcién del riesgo o incomodidad que representa
una postura para el trabajador, el método OWAS distingue
cuatro Niveles o "Categorias de riesgo" que enumera en
orden ascendente, siendo, por tanto, la de valor 1 la de menor
riesgo y la de valor 4 la de mayor riesgo. Para cada Categoria
de riesgo el método establecera una propuesta de accion,
indicando en cada caso la necesidad o no de redisefio de la
postura y su urgencia.

Asi pues, realizada la codificaciéon, el método
determina la Categoria de riesgo de cada postura, reflejo de
la  incomodidad que supone para el trabajador.
Posteriormente, evaliia el riesgo o incomodidad para cada
parte del cuerpo asignando, en funcion de la frecuencia
relativa de cada posicion, una Categoria de riesgo de cada
parte del cuerpo.

Palabras clave— Ergonomia, Método Owas

Abstract

The OWAS method bases its results on the observation of
the various positions taken by the employee during the
course of the task, allowing to identify up to 252 different
positions as a result of the possible combinations of the back
position (4 positions), arms (3 positions), legs (7 positions)
and lifted (three intervals).

Depending on the risk or discomfort that represents a
position for the worker, the OWAS method distinguishes
four levels or "risk categories" that list in ascending order,
being, therefore, the value of 1 as the lowest risk and value 4
the greatest risk. For each risk category method will establish
a proposed action, indicating in each case whether or not
redesign of posture and its urgency.So, on the encoding, the
method determines the category of risk for each position,
reflecting the inconvenience of the employee. Subsequently,
assesses the risk or discomfort to assigning each body part,
depending on the relative frequency of each position a
category of risk for each part of the body.
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Keywords — Ergonomics, OWAS method.
Relevance to Ergonomics:
1. INTRODUCTION:

The principle of ergonomics is to design work and working
conditions to suit the individual characteristics of each
employee. The steady increase in the prevalence of back
disorders and musculoskeletal diseases has focused efforts
to reduce harmful load. According to recent research results,
reducing the load static caused by bad posture of labor is
one of the main measures to correct the situation.

Osmos Karhu and Bjérn Trappe, who worked in the
steel industry during the 70s, developed a method to
evaluate posture during work. The method is called OWAS.
The reliability of the method has been tested in further
research. The Centre for Occupational Safety (Helsinki)

has provided training and has disseminated
information on the OWAS method since 1985.

The OWAS method is based on a simple and
systematic working postures combined with observations on
classification tasks. As will be seen along the way, it aims to
evaluate the risk of postural load in terms of frequency
gravity.

Working together specialists and workers, it can apply
the method and find measures to reduce the detrimental
burden caused by poor posture. Due to the practical nature
of the method, it provides a useful tool to improve jobs and
increase productivity tool.

The purpose of this study is to identify the different
ergonomic postures having a charger in the workstation in
the area of loading and unloading of Ice Company for that
we will base the OWAS method that will help us to evaluate
the different positions of the worker as are back position, leg
position, arm position and load lifting, when working, once
the risks of the positions identified, will present alternatives
to reduce the risk that the worker suffers an accident and
you can perform such work in the best way possible. This
study guides us to propose corrective actions to poor posture
at work and may guide them on what are the correct
postures.

2. OBJECTIVES

Studying the workstation in the loading and unloading area
based on the positions of the worker by observing activity in
the area of loading and unloading with OWAS method and
thus elaborate an improvement.

3. DELIMITATION:

In this paper we identify up to 252 different positions.
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4. METHODOLOGY:

Several authors have made different classifications of
existing methods of postural assessment.

Depending on how to get the data for risk assessment
can be divided into two groups: indirect and direct methods.
Indirect methods assess risk exposure by subjective
assessments of individual observation techniques or systems
capable of predicting the valuation that an expert would. On
the other hand, direct methods by evaluating the risk of
direct measurement risk factors.

oads

4.1. Methods of self-worth

Self-assessment by the operators can be used to collect data
in the workplace on the exposure risk of physical and
psychosocial factors. Interviews and questionnaires were
used. The information collected includes demographics,
symptoms, pain, awkward postures and subjective levels of
use of force, among others.

These methods collect data directly from the people
doing the work are applicable to a wide range of work
situations, and a priori low cost. However, if you want to
ensure the validity of the conclusions is required size high
population studied and adequate knowledge to manage the
data, so the cost may be higher than expected. The biggest
problem is that the operator may be inaccurate and provide
data that do not reflect reality. In any case, such methods risk
identification and assessment is not clear and its validation
and reliability are not very high.

4.2. Observing Methods

Observational methods are based on the study and
observation guides allow conclusions about the presence and
/ or level of risk. In general they are more suitable for
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sustained postures and repetitive work. These methods have
economic advantages because it does not require previous
knowledge and can be used in different work environments
without interrupting the work of the operator. On the other
hand, its disadvantages include its lack of accuracy as well
as the great variability and subjectivity in the observation
applies[3].

The method according OWAS [1], the results are
based on the observation of the different positions taken by
the employee during the course of the task, allowing to
identify up to 252 different positions as a result of the
possible combinations of the position of the back (4
positions), arms (3 positions), legs (7 positions) and load
lifted (three intervals). [1]

The method assigns four digits each posture observed
depending on the position of the back, arms, legs and
supported load, thus setting the identification code or "code
position"

The OWAS method[6] has a limitation noted. The
method allows the identification of a number of basic
positions back, arms and legs, which encodes each "code
position" if however, does not allow a detailed study of the
severity of each position.

For example, the method identifies whether the worker
performs his task with knees bent or not, does not
distinguish between various degrees of flexion. Two
positions with identical coding may vary in degree of
flexion of the legs, and consequently in the level of
discomfort to the worker.

Therefore, once identified critical positions by OWAS
method, the complementary application of methods more
specific, as to the classification of the severity of different
positions, would help the evaluator to elaborate on the
results[1].

4.3 The method of application of the method is, in short, as
follows [1]:

1. Determine if the observation of the task must be divided
into several phases or stages, in order to facilitate
observation (Single or Multi-stage evaluation).

2. Set the total observation time of the task (between 20 and
40 minutes).

3. To determine the duration of the time intervals in which
the observation is divided (the method proposed time
intervals between 30 and 60 seconds.)

4. Identify, during the observation of the task or phase, the
different positions taken by the worker. For each position,
determine the position of the back, arms and legs as well as
the load being lifted.

5. Encode the observed positions, assigning each position
and load the values of the digits that make up its "code
position" identifier.
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6. Calculate for each "code position" risk category to which
it belongs, in order to identify those critical positions or
higher level of risk to the worker. The calculation of the
percentage of positions listed in each risk category, it may be
useful for the determination of these critical positions.

7. Calculate the percentage of repetitions or relative
frequency of each position of the back, arms and legs with
respect to the other. (Note: OWAS method does not allow
calculating the risk associated with the relative frequency of
lifted loads, however, the calculation can guide the evaluator
on the need for further study of lifting loads).

8. Determine, depending on the relative frequency of each
position, risk category to which each position of the various
parts of the body (back, arms and legs) belongs, in order to
identify those that exhibit activity more critical .

9. Determine, based on calculated risks, and corrective
actions required redesign.

10. If you have made changes, reassess the task with the
OWAS method to check the -effectiveness of the
improvement.

The interaction between the observable data recording
and processing by computer technology is an attractive
mixture to achieve accurate results; however, should be
considered a disadvantage in OWAS [5]. For example, the
method identifies whether the worker performs his task with
knees bent or not, does not distinguish between various
degrees of flexion. Two positions with identical coding may
vary in degree of flexion of the legs, and consequently, in the
level of discomfort to the worker [2].

Therefore, once identified critical positions by OWAS
method, the complementary application of methods more
specific, as to the classification of the severity of different
positions, would help the evaluator to elaborate on the
results. And, as mentioned above, there are complementary
methods OWAS ergonomic evaluation and whose interaction
will allow us to implement a system of precise and reliable
evaluation. Consequently, whatever the disadvantage
mentioned, the method OWAS remain, at least at present,
one of the most effective and accurate for the ergonomic
evaluation of jobs.

Then the form of coding and classification of the
positions given by the method is as follows:

4.4 Positions of the back: First digit "code position"

The first member to codify be back. To set the value of the
digit that represents it must be determined whether the
position taken by the sword is right, bend, twist or bend with
Rotate. The value of the first digit "code position" will get
consulted the table 1.
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Table 1. Coding of the back positions

Right back |

The worker trunk axis is aligned b d 1
with the hip-leg axis.
Folded back o
There trunk flexion. Although no £\ 2
explicit method from which angle
this was the case, may be
considered to occur for inclinations
greater than 20 ° (Mattila et al,
1999).

Back Swivel Ji
There trunk twist or lateral
inclination greater than 20 *

Swivel back bent e
There trunk flexion and rotation (o 1
angle) simultaneously

4.5 Arm positions: Second digit "code position"

Next, will be analyzed the position of the arms. The value of
the second digit of the "Code of posture" will be 1 if the two
arms are low, 2 if one is low and one high, and finally 3 if
both arms are raised, as shown in the following table 2.

Table 2. Coding of the positions of arms

The two lower arms l

Both ams of the worker are located w 1
under the shoulder level.

One arm low and the other high 3

A working arm is located under the e 2

level of the shoulders and the other
or another part is situated above the
level of the shoulders

The two arms raised e/
Both arms (arms or part of) the [
worker are placed above {he
shoulder level.

4.6 Leg positions: Third digit "code position"

With the coding of the position of the legs, the first three
digits of the "Code of posture" that identify body parts
analyzed by the method is complete. Table 3 provides the
digit value associated with the legs, considering as relevant
7 different positions.
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Table 3. Coding of the positions

ng.

Sitti |

Stand with both legs straight with
the weight balanced between
both.

Standing with one leg straight
and the other bent with the
weight balance between both.

Standing or squatting with both
legs bent and the weight
balanced between both

Although no explicit method from
which angle this was the case, may
be considerad to occur for thigh-calf
angles less than or equal to 150 °
(Mattila et al., 1999). Angles greater
are considered straight legs.

vl Y T -‘{I

Standing or squatting with both
legs bent and the weight balance
betwean the two.

Can be considered to occur calf
thigh angles less than or equal to
150 * (Mattila et al., 1999). Angles
qreater are considered straight legs.

.

P

Kneeling §
The worker supports one or both N

knees on the ground.

Walking &

4.8 Loads and forces supported: Fourth digit "code position"

Finally, it must determine what range of loads, among the
three proposed by the method belongs to the worker rises
when it adopts the posture. The query in Table 4 allow the
assessor to assign the fourth digit of the code in
configuration, ending at this point coding posture for studies
of a single task (single evaluation).

Table 4. Coding loading and supported forces

Less than 10 kilograms. 1

Between 10 and 20 2
Kilograms

More than 20 kilograms 3
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4.7 Phase encoding: Fifth digit "code position"

The fifth digit of the "Code of posture," identifies the phase
has been observed posture, therefore, this value will only
make sense to those observations in which the evaluator,
usually for reasons of clarity and simplification, decides to
divide task studied in more than one phase, ie for
assessments type "Multi-stage".

The original method does not set specific values for
the digit of phase, so, the evaluator will be the criterion
which determines those values. Loads and forces supported:
Fourth digit of the "Code of position"

For each risk category is assigned a color code in order
to facilitate their identification tables.

Table 5. Table of categories of risk and Corrective Actions

Postura  normal  sin | No requiere accidn
efectos dafiinos en el

sistema misculo-

esquelético.

Postura con posibilidad | Se  requieren  acciones
2 de causar dafio al | correctivas en un futuro

sistema musculo- | cercano.

esquelético.

Postura con  efectos | Se requieren  acciones
3 dafiinos sobre el sistema | correctivas  lo antes

miisculo-gsquelético. posible.

La carga causada por|Se  requiers  tomar
esta postura tiene efectos | acciones correctivas
4 sumamente dafiinos | inmediatamente,

sobre el sistema
musculo-esquelético.

Table 6. Table of classification of the categories of risk of
the codes of position.
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TERT 2 2222 2 I
TR 22222 201
111111111223223111112
223223223333333222333
223223233344343334234
334223333344444444234
111111112333444111111
223111112444444333111
223111233444444444111
233223223444444444234
334234334444444444234
444234334444444444234

5. RESULTS

OWAS analysis method was performed by shooting the
operator, which were obtained every 30 seconds to determine
the analysis of the positions taken by throwing the following:

Step 1. Determine if the observation of the task must be
divided into several phases or stages. In this step the
positions taken by the operator to lift the ice which provided
an inappropriate activity was analyzed.

Figure 2. Operator lifting load

Step 2. In this step you analyze the operator for a few
minutes, and so was able to obtain the information necessary
to carry out the owas method.

Step 3. To determine the duration of the intervals of this
activity took just a time and motion takes 60 seconds,
yielding a sample of 100 data, which are presented in the
following table. (With 10 observations 100).

Table 7. Results of samples taken from the operator.

Movimientos] Espalda Brazos | Piernas | Carga |
1 2 1 4 3
2 4 1 5 3
3 2 1 2 3
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4 4 1 5 3
5 3 1 4 3
6 2 1 3 3
7 4 1 5 3
8 1 1 3 3
9 2 1 5 3
10 3 1 4 3

Step 4. This step was the analysis was identified during the
observation of the activity of the different positions taken by
the worker.

Step 5. Encode the observed positions showing the worker
ice load, assigning each position and load the values of the
digits that make up its "code position" identifying the result
of that table throw us a Risk Category 4 requires take
corrective action immediately, as it is very risky to perform
activities employing charger ice.

Table 8. operator positions observed

Movimientos | Espalda | Brazos | Piernas | Carga | Riesgo
1 2 1 4 3 3
2 4 1 5 3 4
3 2 1 2 3 3
4 4 1 5 3 4
5 3 2 4 3 4
6 2 1 3 3 3
7 4 1 5 3 4
8 1 1 3 3 1
9 2 2 5 3 3
10 3 1 5 3 4

Step 6. was calculated for each "code position" risk category
to which it belongs, in order to identify those critical
positions or higher level of risk to the worker. ....

Step 7. The percentage of repetitions or relative frequency
activities that present the worker ice load each position of
the back, arms and legs with respect to the others was
calculated.

Step 8. This step was determined, based on calculated risks,
and corrective actions required redesign.
There Swivel back bent trunk flexion and rotation (or angle)
simultaneously. The punctuation is 4.

The two lower arms both arms of the worker are
located under the shoulder level. The punctuation is 1.
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Both standing and squatting with legs bent and the
weight balance between the two. The score at is 5
More than 20 kilograms the punctuation is 3.

Table 9. Example of how to take risk categories.

A1 11122222284 4441
1111112222220 100411

111111111223 223111112

£2322322333333323212333
273223233344343334234
1342233333444 11234

233111112444444333111
223111233444 448444111
233223223444 44a0 44234
334234334444444444234

444234334444444444204

Final Result: 4

It is the highest score that exists in the table so it is necessary
that the most before possible corrective actions are taken.
One proposal is to use girdles, devils to load the ice.

With Evaluation resulted cargo has the worker as
THEREFORE cooler has extremely harmful effects on the
musculo-skeletal system. For that reason it is necessary to
take corrective action immediately. It is the highest risk
score tale.

Table 10. Final result

Postura  normal — sin | No requiere accin

1 electos dafiinos en el

sistema misculo-

B5quelElico

Postura con posibilidad | Se  requieren  acciones
7 de causar dafo  al| corectivas en un fuluro

sistema misculo- | cercano

asquelético.

Postura  con  efeclos | S requieren  acciones
3 dafiinos sobre el sistema | corectivas  lo antes

misculo-gsquelghico. pasible.
La carga causada por|Se  requiere  tomar

@ esla postura tiens efectos | acciones carrechivas

sumamente  daflines | inmadialamente
sobre el sistema
e A st ialéfien

6. CONCLUSIONS

With the results obtained by the method in the
evaluation OWAS is detected that the worker a cooler
company has a high level of risk so it is recommended that it
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acts immediately as it can have very harmful consequences
for the health of muscle- skeletal.

To evaluate the postural overload worker loads ice
cubes, methods of ergonomic evaluation that were created to
be applied by staff with some knowledge of the area, which
have special characteristics, according to the variables
assessed, but complementary each other, so generally apply
more than two methods to get complete results and
objectives, why it is considered that there is so far a method
of comprehensive evaluation, easy to apply, and more
comprehensive results, covering more number of variables
to assess the presence of postural overload, giving results
that generaren short, medium and long term improvement
proposals to maintain or, where necessary, improve the
working conditions of workers from the opening ergonomic
perspective, moreover, possibility of new research. On the
other hand, it is observed that the validation of tools for
ergonomic evaluation is a complex process that requires
several applications, and is a good option to generate a
proposal.

7. RECOMENDED

Recommendations should be charged as ice cubes in the
company Cooler to prevent ergonomic risks in the future.

-When lift or move a load, stretch forward more than 10
inches.

Not twist your body.

-To Lift loads lift with your legs and not your back. Keep
your back as straight as possible.

-Raise your load holding her tightly with both hands.

8. IMPROVEMENT PROPOSAL

To the main problems encountered in the workplace
solutions that improve the positions that the operator has to
take in performing their tasks are proposed. Then these
proposals will be shown and the results are analyzed in the
same cases studied above. The Ones main changes proposed
are: Use of back belts.

Lifting the ice machines up to the ground. Using
loading carts or forklift for unloading the final product,
moving from the current situation to the final place of
discharge.

Use of a container for the finished product, based on a
system of interchangeable hangers according to the
geometry and dimensions.
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Resumen

Se realiz6 un estudio con seis participantes los cuales eran
residentes y médicos del departamento de ecografia de un
hospital. El objetivo era evaluar los factores de riesgo
ergonomicos relacionados con la presencia de sintomas
musculo esqueléticos laborales en los participantes. Para la
obtencion de datos se aplicd el cuestionario ndrdico para
detectar las molestias musculo esqueléticas en los
participantes. Se video-grabd a cada participante realizando
un estudio de ecografia abdominal y se analizaron las
posturas mas riesgosas con método RULA, por ultimo se
aplico la escala de Borg para saber como los participantes
evaluaban el esfuerzo realizado con el uso del transductor.
Se encontraron sintomas musculo esqueléticos en los
participantes y posturas riesgosas al realizar la actividad de
ecografia.

Palabras clave— ergonomia ocupacional, sintomas musculo
esqueléticos, ecografia.

Abstract

A study was performed of six participants who were
residents and doctor in echography department of a hospital.
The objective was to assess the ergonomic risk factors
associated with the presence of musculoskeletal symptoms
labor in participants. For data collection Nordic
questionnaire was used to detect musculoskeletal symptoms
symptoms in participants. Participants were video-recorded
each participant during a study of abdominal echography
and riskier positions were analyzed with RULA, finally the
Borg scale was applied for how participants evaluated the
effort with the use of the transducer. Musculoskeletal
symptoms in participants and risks postures were found to
undertake the activity of echography.

Keywords— Occupational Ergonomics, Musculoskeletal
Symptoms, Echography.

Relevance to Ergonomics: within the literature review, a
research study of this topic is found concerning the Mexican
population of doctor specializing in echography due to this
work could have relevance. This study may make
recommendations or ergonomic modifications so that the
relevant authorities take action in the future to safeguard the
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health and physical integrity of doctors and residents in
echography.

1. Introduction

Historically there has been the presence of musculoskeletal
symptoms in doctors specializing in echography and this
began to be investigated previously because of the high
prevalence in these professionals.

According to Pike, Russo, Berkowitz, Baker, &
Lessoway (1997) [1], 81% of sonographers have conducted
their echography activities having pain or discomfort during
their career. The excessive efforts, bad posture that generate
mechanical stress, excessive repetition, and the excessive
duration of the task are risk factors that contribute to the
presence of musculoskeletal symptoms.

According to a study by NIOSH (2006) [2], It
mentions that doctor specialist in echography have a high
risk of musculoskeletal symptoms related to their job.

The objectives of the study were:

1.- Assess what ergonomic risk factors (poor posture,
overexertion, repetition repetition and task duration) related
to the presence of musculoskeletal symptoms in doctors and
residents in echography.

2.- Identify the frequency of working musculoskeletal
symptoms place in doctors and residents in echography.

3.- Analyze the relationship between ergonomic risk factors
with musculoskeletal symptoms present in the participants.

2. Methodology
2.1 Participants

In this study there were six participants, three medics and

three resident specializing in echography. In total there were
six participants, of whom five were male and one female.
The range age of participants were from 29 to 62 age, most
in the range of the thirties.

2.2 General and Occupational Questionnaries

Participants answer a questionnaire about general and labor
activities, followed by the Nordic questionnaire from
musculoskeletal symptoms.

2.3 RULA

Each participant was video-recorded during a study of
abdominal echography lasting approximately 15 minutes,
taking the left side and front view. Each video were
analyzed using the method RULA [3], as a tool to evaluate
the positions taken on the job.
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2.4 Borg scale Assessment of effort
Table 2. Description of the activity
Participants to answer the Borg scale to determine the effort

was requested with the use of the transducer. Number of No.
procedures participants
3. Results per day
. . . 1to8 1
3.1 General and occupational Questionnaire 9to 18
Three participants workday were less than 8 hours per day, 30 to 45 2
two participants worked eight hours a day, only one
participant was working more than 8 hours a day. Total Process time No.
hours of the day a week of all six participants, three worked participants
a week from less than 40 hours, two participants worked 5 to 10 min 2
forty hours a week and one participant more than 4Q hours a 11 to 14 min 0
week. The work experience of workers varies, two 15 to 20 min 3
participants have less than one year of experience, three 21 to 30 min 1
participants aged 1-5 years and one participant with 25 years
experience.
Type of procedure
Table 1. Job description Convencional 4
Doppler 2
Job position both 2
Resident Doctor
3 (50%) 3 (50%) Description of the characteristics of the activity
Hours per day 3.2 Nordic Questionnaire Musculoskeletal Symptoms
< 8 hours 3 As a result of the implementation of the Nordic
8 hours 2 questionnaire to determine the symptoms present in the
> 8 hours 1 participants, found that five of the six participants had
discomfort in the neck, the lower and upper back four said
Hours per week to have discomfort. Only one participant had discomfort in
< 40 hours 3 the hip / thigh, two participants had symptoms in knees,
40 hours 2 three participants also had discomfort ankles / feet. Three
> 40 hours 1 participants said had discomfort in his right shoulder and
Years or experience one partigipant in both shoulders. Only one participant had
~ than 1 5 el.bow dlsgorqfon, ‘ half . of the participants presented
Lto 5 3 (50%) discomfort in right side wrist / hand.
6to 10 0 Table 3. Nordic Questionnaire Results
11 to 20 0
21 to 30 1 Zone Discomfort
Description of the characteristics of the job Yes Yes, Yes,the Both No
the left
As part of the activity of participants is performing right
echography procedures. Of the six participants one does Neck 5 _ - _ 1
between 1-8 procedures a day, t1.1r§e performed 9-18 High back 4 _ _ _ 7
procedures a day and two participants from 30-45 Lower back 4 _ ) ) 5
procedures. The time used to perform the procedures on . .
average for performing each procedure were two participants Hip / thigh 1 ) B 5
from 5-10 minutes, three participants from 15-20 minutes knee 2 - B - 4
and one participant of 21-30 minutes. The types of Ankles / feet 3 - . - 3
procedures performed were only four participants Shoulders 3 1 2
conventional procedures performed and two procedures Elbows 1 5
performed Doppler and two had both procedures. In total six Wrist / Hand 3 3

participants performed conventional methods.
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3.3 RULA

In RULA analysis left side and right side were analyzed. In
the table 3 above scores. Score A which corresponds to of
evaluation of the upper extremities, score B corresponds to
lower extremities and score C corresponds to the level of risk
of the activity. The entry for the upper extremities for the
score to the right assessment five participants had a score of
3, which means that most of the participants adopt the same
position referring to the abduction of the right arm which
generates scores high rating.

For the score for the right side B the highest value
was 6 corresponding to one participant, two participants with
value 5, a one participant a value of 4, and two participants
value of 2. The main problem observed in these scores is the
position of the trunk of the degrees of flexion and trunk tilted
to the side. The value for score C is reference level of risk
found was three participant with a score 6 which refers to the
need for more research and requires change soon, the rest of
the participants stay at the level where there is a risk and
should be changed.

For assessments for the left side score A is found
that two participants obtained a score of 4 and two
participants score 2 corresponding to the upper extremities.
In the score B to the left side the same results as mentioned
above the right side is obtained. To score C is found that
three participants were in qualifying that change is needed
soon, and the other three in that the change would be
necessary.

Table 4. Results RULA

Table 5. Borg scale results

Borg scale

Value Description Part.] Part2 Part3 Part4 Part.5 Part.6

0 Rest total

I Very soft
effort

2 Soft X

3 moderate X X X
effort

4 Alittle X X
hard

526 Hard

729 very hard

Participant Right Left
Score A ScoreB  ScoreC  Score A Score B Score C
1 3 5 6 2 5 5
2 2 4 4 2 4 4
3 3 5 6 2 5 5
4 3 6 6 2 6 6
5 3 2 3 4 2 4
6 3 2 3 4 2 4

Results of the application of RULA method riskier positions.
3.4 Borg scale Assessment of effort

Participants answered the Borg scale to determine their
perception of the effort made with the right hand which
manipulates the transducer.

As shown in Table 5, three of the six participants
perceived a moderate effort, two participants a little harder
and a participant as smooth.
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Results of Borg scale
3.5 Relation between the variables analyzed

Analyzing the variables that were obtained proceeded to
perform a description thereof and the possible relationship
that might exist.

Table 6 shows the results of each of the instruments
and methods listed above are samples.

The results of the Nordic questionnaire discomfort
were present in most of the participants was neck, upper
back, lower back, shoulders and wrist / hand, relating to the
results of RULA score A high, which corresponds was
obtained extremities above where 83.33% of participants
obtained a high value, like the score C is the value that
determines which more research is needed and a change is
needed soon, this could be related to the symptoms present
in the participants. In connection with the score A right
which is which participants used the transducer although his
effort was perceived as moderate by 50% of participants
could be related also 50% of the participants presented
discomfort wrist / hand that though the effort is perceived as
relatively moderate, physically could be making more effort
but the participant does not feel it as well.

Table 6. Variables with most frequently

Nordic RULA Borg
Discomfort Frecuency | Score A Score Effort
zone: right C
Neck 5 3(83.33%) 6 Moderate

(50%) | (50%)
High back 4
Lower back 4
Shoulders 4
Wrist/hand 3

Analysis of the combination of variables most often
obtained.

3.6 Conclusions
We found that most participants had some musculoskeletal

discomfort and the score was mostly overlooked in the
analysis of the riskiest to do their job positions.

Pagina 137



Ergonomia Ocupacional. Investigaciones y Soluciones. Vol 8 | 2015

Although being a pilot study the number of
participants was too small to make inferences about the
relationship of symptoms with the results of RULA and the
Borg scale, it can be concluded that there are ergonomic risk
factors in echography workstation, which over time can
cause more discomfort or impact on workers in this area.

It is important and necessary to implement
ergonomics in the field of echography. An important factor
that was found is the design of furniture and equipment used
in this area which generates the adoption of poor posture in
workers. Repetition was also a factor in the activity
performed by doctors and residents in echography.
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Resumen

El uso cada vez mas extenso de la cirugia laparoscopica en
diversas disciplinas médicas ha puesto en evidencia lesiones
especificas relacionadas con el uso de los instrumentos y las
técnicas especiales que se han desarrollado para estos
procedimientos. El trabajo de los cirujanos puede implicar
altos niveles de carga mental y fisica al tener que realizar
movimientos muy precisos, en un espacio reducido y con
instrumentos que realizan la actividad de manera indirecta
con el paciente. Aumentando la interaccidon entre diversos
factores de riesgo ergonémico durante las tareas principales
en un procedimiento laparoscopico, aumenta la demanda en
los miembros superiores por lo que existe mayor riesgo de
presentar trastornos musculo-esqueléticos. Este es un estudio
de caso de un ciruyjano que realiza procedimientos
laparoscopicos, se recogen datos de la videograbacion de un
procedimiento en tiempo real en el que se identifican los
principales factores de riesgo ergonémico en relacion a
postura, movimientos repetitivos y su disposicion con la
estacion de trabajo, a su vez, por medio de cuestionarios se
obtuvo informaciéon sobre los sintomas que presenta el
cirujano. El objetivo de este estudio es describir los factores
de riesgo ergondmico y los principales sintomas musculo-
esqueléticos presentes en un caso de cirujano que realiza
procedimientos laparoscopicos.

Palabras clave: Riesgo ergondmico, laparoscopia, sintomas
musculo esqueléticos

Abstract

The increasingly widespread of laparoscopic surgery in
various medical disciplines use has highlighted specific
injuries related to the use of special tools and techniques
that have been developed for these procedures. The work of
surgeons may involve high levels of mental and physical
load, because have to make very precise movements in a
small space and with instruments that perform the activity
indirectly with the patient. Increasing interaction between
different ergonomic risk factors for major tasks in a
laparoscopic procedure increases the demand on upper
limbs so there is increased risk of musculoskeletal disorders.
This is a case study of a surgeon performing laparoscopic
procedures, data videotaping of a procedure are shown in
real time when major ergonomic risk factors are identified in
relation to posture, repetitive movements and their
arrangement with the station work, in turn, through
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questionnaires about symptoms presented by the surgeon
was obtained. The objective of this study is to describe the
ergonomic risk factors and major musculoskeletal symptoms
present in a case of the surgeon performing laparoscopic
procedures.

Keywords— Ergonomic risk, laparoscopy, musculoskeletal
symptoms.

Relevance to Ergonomics:

The ergonomic integration into the environment of the
operating room for laparoscopic procedures is essential to
improve efficiency, safety and comfort for the operating
unit. Understanding ergonomics with all interacting factors
can assimilate better the origin and behavior of symptoms in
order to integrally involved and reduce physical fatigue and
improve working conditions.

1. INTRODUCTION.

At present the laparoscopic procedure or also known as
minimally invasive intervention is increasingly used as
intended to cause the least damage to the tissues of the
abdomen of the patient, encouraging faster recovery, which
does not happen with conventional open surgery . With the
advancement of technology and technique for this type of
procedure has become more complex, the length of
proceedings has been extended and, correspondingly, so too
have levels of mental stress and physical taxes surgical
team. [1]

The main problem of the surgeon during the procedure is
the loss of tactile feedback due to indirect intervention, ie
there is a substitution of hands and direct eye contact to the
body of patients with specific instruments and monitors. To
carry out the procedure the surgeon must one have a high
degree of precision and coordination to manipulate the
instrumental intracorporeally so you can get into
uncomfortable positions and adding other ergonomic risk
factors such as poor layout of the workstation and repetitive
motions can come to favor the onset of symptoms skeletal
muscle. [2] The combination of elements such as static
postures, the design of the grips of the instrument, and
monitor the position of the pedals to control use of
diathermy systems lead to a reduction in the performance
and accuracy of surgeons , while increasing muscle fatigue.
(3]

Laparoscopy, surgical skill being performed by human
dexterity and coordination, can certainly be assessed by
methods of occupational ergonomics.

The aim of describing the ergonomic risk factors and major
musculoskeletal symptoms present in a case of surgeon
performing laparoscopic procedures.

2. METHODOLOGY
2.1 Participant.

Doctor specializing in general surgery and laparoscopic
surgery practice.
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2.2 Scene.

A laparoscopic procedure takes place in an operating room,
this is an enclosed space completely independent from the
rest of the hospital. The operating room permits
individualized care for invasive intervention by a
multidisciplinary team. The ecosystem of the operating room
is kept at a minimum level of pollution so only has the
necessary equipment and furniture for performing surgery.

2.3 Data collection

2.3.1 Rapid Entire Body Assessment.

For short REBA is a method developed by Dr. Sue Hignett
and Dr. Lynn McAtamney, ergonomists from the University
of Nottingham in England and published by the journal
Applied Ergonomics in 2000.

This method is used by the postural guidance for estimating
the risks of muscle skeletal disorders related to body work.
This method allows the surgeon's assessment standing with
both feet as much as one foot to use the pedal for diathermy
system also allows assessment of segments of the body
including head, body, legs, shoulder, elbow , hand and wrist
while performing the task.

2.3.2 Job Strain Index.

For its acronym is known as JSI and was developed by Dr.
JS Moore and Dr. A. Garg. Posted in American Industrial
Hygiene Association Journal in 1995. This method allows
surgeons to assess who are exposed to cumulative trauma
disorders develop in the distal part of the upper limbs due to
repetitive movements. Based on the criterion of Silverstein et
al. (1987) has considered repetitive movements when a cycle
defined work lasts 30 or less and / or duty cycles undefined
more than 50% of the task involves a similar pattern of
movement, which was performed per minute duty cycle for
the fetch.

2.3.3 Check list for interaction with the workstation by the
surgeon.

The design of the workplace determines the content of this
one, skills and training requires the surgeon to do the work
and the degree of specialization appropriate for it.

Having the same terms to perform surgeries with particular
computer the way in which the surgeon interacts with its
environment in order to determine the efficiency of use of
the environment is evaluated.

2.3.4 Standardized Nordic Questionnaire for the analysis of

musculoskeletal symptoms.

Developed by Ilkka Kuorinka in the Department of
Physiology of the Institute of Occupational Health in
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Helsinki, Finland, published in the journal Applied
Ergonomics in 1987.

The questionnaire was applied for the detection and analysis
of musculoskeletal symptoms for reliability in the context of
ergonomic studies to detect the existence of initial
symptoms, which have not yet been established disease or
have not led to consult a doctor.

2.3.5 Occupational background

It is important to consider the background of the surgeon to
exclude any possibility of discomfort are presented by a
traumatic or cumulative origin for other activities.

The questionnaire consists of sections that include:
individual general information, occupational information,
current working conditions, work done previously,
additional work time and individual health conditions.

3. RESULTS.

The case study was performed with a male doctor 52 years
working in independently exercised with a schedule full
working day of 8 hours per day, devoted to consultation and
surgery, performing laparoscopic procedures 3-4 week with
time of 40 to 60 minutes each.

The participant represents the average for the size of a
Mexican man with height 1.73 meters with ectomorph
somatotype.

The procedure was recorded laparoscopic cholecystectomy
with a mean duration of 30 minutes a basic technique in
which there was no intracorporeal suturing, stapling but
counting from introduction to the withdrawal of trocars are
used.

Cutting tasks / cauterization and stapling to be the most
representative of its duration and frequency were evaluated.
(Table 1)

Table 1. frequency of tasks

Task Percent
Preparation / Enter trocars 5%
Cut / cauterization 65%
Stapling 15%
Remove organ 10%
Suture 5%

In relation to the general position, REBA detects the risk of
musculoskeletal disorders; predominates in both tasks
increased risk in the right upper limb (Table 2).

Table 2

Scores Rapid Entire Body Assessment Instrument

Step  Description  Cut/ cauterization Stapling
1 Neck 2 3
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position Efforts Per
. 0.5 1.5 0.5 0.5
5 Trunk 3 3 Minute
position Hand/Wrist 15 3.0 15 3.0
3 Legs 2 1 Posture ’ ’ ’ )
Score Speed of
4 Table A 5 5 Work 1.0 1.0 1.0 1.0
5 Force 0 0 Duration of
S Task Per 0.25 0.25 0.25 0.25
Core
D
6  (Table A+ 5 5 »
Force) FINAL JSI
. - SCORE 6.25 8.75 6.25 14.75
Left Right Left Right
. Increased Increased
; Uppe.r Arm 5 3 ) 3 Scoring Risk Hazardous Risk Hazardous
Position
Lower Arm . . . .
8 Pposition 2 2 2 2 The evaluation in the arrangement of the workstation is
. determined that the provision is inadequate, since the
g  Wrist 1 3 1 2 surgeon does not have a proper interaction with the elements
Position in your workstation during the procedure. The most
10 Score ) 5 ) 5 representative elements found were: improper adjustment of
Table B the table that prevents work at the height of elbow flexed,
Counlin the top edge of the monitor is not at eye level and is located
11 Scorpe & 1 3 1 2 perpendicular to the head in neutral. The use of pedal
determines the surgeon to decrease its base of support and
Score work on one foot while the pedal perpendicularly are. The
12 gabli’_ B+ 3 8 3 7 results of the application of RULA indicate that this position
oupling) has a score of 9 in the right limb, in both tasks, for which
Activity the position is at high risk, and JSI indicates that the job
13 1 1 1 1 . . . ..
Score involves an effort high risk produced by repetition.
Score The standardized Nordic questionnaire for the analysis of
14 4 8 4 8 loskeletal t flects th f
Table C musculoskeletal symptoms reflects the presence o
discomfort in neck, shoulders, upper and lower back, as well
Score as hands and wrists dominate right hand, these annoyances
(Activity + . . . .
Score occur. intermittently ‘ for dayg . during tth year without
Table C) s 0 s 9 affecting the professional activity, entertainment and / or
recreation.
FINAL
REBA 4. CONCLUSIONS
SCORE
Scorin Medium  High  Medium  High The interaction occurs between different ergonomic risk
£ Risk Risk Risk Risk factors in different tasks with increasing demand in the

upper right limb by repeated action, a posture alteration and
application of effort is determined to be the most vulnerable
to present musculoskeletal disorders segment.

The results indicate that the workstation surgeon has

Job Strain Index indicates an increased risk predominates in
his right hand during both tasks, but the task is set stapling is
at increased risk for the existing element with greater

intensity effort (Table 3). elems:r'lts that are not adapted'to ‘Fhe charagteristics and
. activities of the surgeon, making it convenient to work
Table 3, Scores Job Strain Index redesigning it. Also better training in the area of ergonomics

for surgeons performing laparoscopic procedures to address

' Cut / cauterization Stapling the high workload and learn how to achieve optimal

Factor

positions during task performance, minimizing the
Left Right Left Right possibility of presenting symptoms or discomfort is

Intensity of recommended that reduce their long-term performance.

Exertion 1.0 1.0 1.0 9.0

Duration of

Exertion 2.0 2.0 2.0 1.0
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Resumen

Los odontdlogos, desde su formacion, estan expuestos a una
gran variedad de condiciones de trabajo, fisicos,
organizacionales, psicologicos, entre otros que, sumados con
las actividades extra-laborales desarrolladas pueden
contribuir con la aparicion de desérdenes musculo
esqueléticos (DME). La postura que el odontdlogo adopta
durante su practica clinica es, un elemento importante a
considerar: habitualmente su posicion estatica, adaptada por
largos periodos, fuera de los angulos de confort y
oponiéndose a la gravedad, y altas exigencias de gasto
energético.

Para el desarrollo de esta investigacion se plantearon como
objetivos  especificos:  Establecer las caracteristicas
sociodemograficas, de los estudiantes y docentes asignados a
la clinica de una institucion de educacion superior;
Identificar la presencia de desordenes musculo esquelético a
nivel cervical presentado por los estudiantes y docentes;
Evaluar el riesgo ergonomico al que se encuentran expuestos
odontologos en la practica y Proponer recomendaciones a las
directivas de la Institucion de Educacion Superior, con el fin
de establecer lineamientos que fortalezcan el entorno y la
practica profesional.

Esta investigacion se realizé en una clinica odontologica de
una institucion de educacion superior, donde se realizan
practicas formativas ubicadas en la localidad de Chapinero,
de la ciudad de Bogotd, Colombia. Durante el segundo
semestre del 2014.

Palabras Claves: Desordenes musculo esqueléticos
cervicales, ergonomia, Equilibrio humano Posicion de

funcionamiento (BHOP).

Summary

Dentists, since its formation, are exposed to a variety of
working conditions, physical, organizational, psychological,
among others, that combined with extra-work activities can
contribute to the occurrence of musculoskeletal disorders
(MED). The position adopted by the dentists during their
clinical practice is an important element to consider:
Usually its static position suited for long periods, outside
comfort angles, and against gravity and high demands of
energy expenditure.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

For the development of this research were defined as
specific objectives: To establish the sociodemographic
characteristics of students and teachers assigned to the
clinic for an institution of higher education; Identify the
presence of musculoskeletal disorders at the cervical level
presented by students and teachers,; Evaluate the ergonomic
risk the dentists are exposed in practice and propose
recommendations to the directives of the Institution of
Higher Education to establish guidelines to strengthen the
environment and professional practice.

This research was performed in a dental clinic of a higher
education institution where training practices are
performed; located in Chapinero neighborhood in Bogotd,
Colombia. During the second half of 2014.

Keywords: cervical musculoskeletal disorders, ergonomics,
Balance Human Operating Position (BHOP).

Relevance to Ergonomics: It's important to study the
ergonomic risk factors that may cause the MED in dentists
and subsequently propose strategies that prevent it from the
beginning of the formation of these professionals.

1. INTRODUCTION

Musculoskeletal Disorders are one of the most common
medical problems of consultation, and nowadays, they are
an occupational health problem; its etiology is multiple and
can cause painful symptoms, loss of functional capacity,
work disability and its treatment generates high costs.

The occupational disease report in Colombia for the years
2001-2002 and 2003-2004 reported as major diseases
diagnosed carpal tunnel syndrome and back pain, which
along with other related musculoskeletal system correspond
to 74% of total diseases. In the period 2009-2012 an
increase was observed in the recognition of occupational
illnesses of 42% with a main component derived from
musculoskeletal disorders with 88%. (Ministry of Social
Protection of Colombia, 2006)

The second national survey of safety and health at work, in
the General System of Occupational Hazards, published in
2013, reported that repetitive movements of hands and /or
arms made most of the time have 18.69% and made all the
time with 31.40%, while the positions that can cause fatigue
or pain in any body part most of the time have 17.24% and
are made all the time 25.48%. According to the report,
working conditions reported as critical are conducted most
of the time or all the time. (Ministry of Labor, 2013)

Dentistry is one of the professions which have higher risk of

developing MED and even occupational diseases, due to the
adoption of inappropriate postures during practice.
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This research aims to identify factors associated with
cervical MED dental practice of students and teachers in an
institution of higher education in the city of Bogota, in 2014,
from which directives could establish guidelines and
strategies for the appropriation of favorable practices in the
practice environment.

This research have a quantitative approach, is a descriptive
investigation, cross-section. The population consists of 83
students and teachers, and the sample consisted of 26
dentists, 21 students and five teachers; selected by simple
random sampling, with a 95% of confidence. They were
considered as inclusion criteria: Students of the Faculty of
Dentistry at an institution of higher education, located in
Chapineros” town, Bogota, enrolled in academic semesters
VI to X, inscribed in the second half of 2014, adult students;
and teachers hired by the Faculty of Dentistry in a Higher
Education Institution located in Bogota, in the second half of
2014.

An informed consent was developed, based on resolution
8430 of 1993, where the participant expressed his intention
to be part of the investigation, and after, the document was
submitted to the Committee for Bioethics at the University.
Then, a poll questionnaire type, based on the Nordic
Questionnaire, was applied, (known as Kuorinka
Questionnaire, standardized for detection and analysis of
muscle symptoms); subsequently, a checklist of postural
verification was made (known as Balance Human Operating
Position BHOP), maximum equilibrium position of Beach,

It was found within the sociodemographic characteristics,
that 15% of participants are in the range of 18-20 years,
65% of participants are in the age range of 21-30 years, 8%
from 31 to 40 years and between 51 to 60 years and 4%
respectively from 41 to 50 years old.

Figure 1. Percentage distribution by age of respondent staff.
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Source: Authors. 2014

88% were female and 11% male. 81% were students and
19% teachers. 38% lead playing their dental work for more
than 48 months, 31% of 25-48 months, 23% of 12-24
months and 8% less than 12 months. 50% working in the
dental unit 6 hours a day, 3 hours 35% 15% 9 hours. 85%
working in the dental unit 3 to 5 days per week, 11% over 6
days and 4% of 1 to 2 days. The rest 38% take between 6-10
minutes between each patient care, 38% between 11-15
minutes and the 23% take between 1-5 minutes.

for
Time in the Working days Rest periods between
Age | Gender | Occupation | Antique unit per week patients
No ‘ Valid 26 26 26 26 26 26 26
Average 2,23 1,12 1,81 3,00 1,81 2,08 2,15
Median 2,00 1,00 2,00 3,00 2,00 2,00 2,00
Statistical Mode 2 1 2 4 2 2 2

Table 1. Measures of center frequency distribution of age,
gender, occupation, age, time in the dental unit, week
working days and rest periods between patients.

58% takes a lateral posture while sleeping, 31% prone or
face down and the remaining 11% supine or face up. All
respondents sleep in beds. 65% sleep on orthopedic type
mattress, 15% on mat, 12% in other types of mattress and
8% in speck mattress. 65% claim to be sedentary, while the
remaining 35% are not.

musculoskeletal cervical issues, this process allowed to
evaluate the level of ergonomic injuries risk. Both
instruments modified and validated by three expert judges
(professionals in health specialists with experience in health
and safety at work). Finally, a pilot test was conducted, to
include drafting changes.

The collected information suffered a mathematical and
statistical processing of qualitative and quantitative
variables, with  frequency distribution, percentage
distributions and measures of central tendency. They were
processed in a spreadsheet in Microsoft Office Excel 2010
and SPSS statistical program from which the tables and
charts for analysis were generated.

Figure 2. Percentage distribution of inactivity in surveyed
staff.

2. RESULTS
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58% reported performing some type of scheduled physical
activity, while the remaining 42% do not. 38% reported
practicing some kind of sport with a frequency of once a
week, 38% twice and 23% three or more times. 65% study in
bed and 35% on a table.

Figure 3. Percentage distribution of respondent's location to
study
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Source: Authors. 2014.

65% use computers 3 hours maximum per day and 35% use
it 4 to 6 hours. 50% of respondents are in front of a table to
use the computer and the remaining 50% in bed. 85%
reported using laptop type equipment, 11% used table
computer and 4% Tablet. 69% at working take a seated or
lying position and the remaining 31% in mixed position
(seated or sitting or standing).

When asked the staff respondent if they are in a medical
treatment for any disease present 92% said no, while 8%

discomfort, 42% presented shoulder discomfort and 4% did
not answer.

Figure 4. Percentage distribution of the presence of neck
and shoulder discomfort in the respondent staff.
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73% of dentists not been stopped working with patients
because of painful symptoms in neck or shoulders, 8% yes
and 19% no answer. During the past 12 months, 46% relates
they had pain in the neck or shoulders, 35% no and 19% did
not answer.

46% of those who reported the presence of neck or shoulder
discomfort and / or symptoms in the last twelve months,
report that the pain lasts less than an hour by 50%, another
42% say the episode of pain lasts from 1 to 24 hours and 4%
reported pain lasting between 1-7 days; 8% answered that
these complaints have kept them from doing its work in 1-7
days during the last twelve months, 8% answered that the
impediment has been 1-4 weeks and the remaining 83%
have not had to suspend its work . 92% over the past seven
days has presented discomfort in neck or shoulder, and 8%
did not.

Neck o f shoulder type of Pain MED presence Slfsl.)ensmn of
discomfort | neck pain strains RlouIs clasification o CCNGALEE D
pain months discomfort

Valid 11 9 10 9 10 21 21
No.

Lost 1 3 2 3 2 5 5
Average 1,60 1,11 1,42 1,00 1,83 1,57 1,10
Median 2,00 1,00 1,00 1,00 2,00 2,00 1,00
Statistical
Mode 2 1 1 1 2 2 1

answered yes; none reported having required rehabilitation
treatment.

When asked if they have had previous trauma or pathology
in the cervical region or shoulders, 92% answered no and 8%
answered yes. 54% reported having presented neck

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

Of total respondent who reported feeling any pain, 50%
rated their pain as moderate, 33% rated the pain as mild and
17% rated their pain as severe. 67% said the pain is located
in the neck, 8% refered. In shoulder, 68% located.
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Regarding the inflammation in the neck 50% didn’t had, and
25% yes, and in shoulder 58% didn’t had and 8% yes. For
stiff in neck 42% showed and 33% didn’t; on shoulder 25%
yes showed and 42% didn't.

The last question of the survey should be filled out by the
researcher (refers to the appreciation of the respondent on the
etiology of their symptoms), where 73% believe it is because
of work, 15% attributed the discomfort to the study habits
especially.

between 90 ° and 110 ° between arms and forearms, while
15% of dentists no. Only 50% of dentists working keep their
elbows close to the body. 88% of dentists have foothold in
the arm, while 11% of dentists no. 96% of dentists keep
their hands at midline sagittal sternum, 4% of dentists no.
96% of dentists have the foothold in hand, while 4% of
dentists no.

Table 3. Measures of central frequency distribution presents
cervical flexion, neck and shoulders rotation during activity,
straight back and 90 ° relative to the femur, tochold in the

: arm
Cervical D Stf‘"gt LT ar}d Toehold in | thighs parallel to Foots support oon ’
. shoulders 90° angle relative the floor in 90
flexion . the arm the ground
rotation to the femur angle
Valid 26 26 26 No. 26 26
No.
Lost 0 0 0 0 0
Average 1,58 1,77 1,31 1,88 1,27 1,12
Media 2,00 2,00 1,00 2,00 1,00 1,00
Statistical
Mode 2 2 1 2 1 1

Table 2. Measures of distribution of central frequency
discomfort of neck, type of neck pain, shoulder strains, type
of shoulder pain, pain rating scale in neck or shoulder, MED
presence in the last 12 months, suspension of activity
because neck or shoulder discomfort.

Source: Authors. 2014.

During patient care 57% of dentists have minimal cervical
flexion with head slightly tilted with an angle from 0 ° to 15
° of flexion, while 42% of dentists have cervical flexion
angle out from 0 ° to 15 °. 100% of dentists change position
every three minutes. 77% of dentists performs neck and
shoulders rotation while performing dental procedures, while
23% do not. 54% of dentists didn’t locate parallel shoulders
to the horizontal plane, while 46% of dentists keep shoulders
parallel to the horizontal plane.

Figure 5. Percentage distribution of the presence of parallel
shoulders to the horizontal plane during patient care by
respondent staff.

Yes No
HORIZONTAL PLANE PARALLELTO SHOULDER

Source: Authors. 2014.

69% of dentists do not keep their back straight (angle of 90 °
relative to the femur and supported), while 31% of dentists if
maintained. 85% of dentists have elbows bent at an angle

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

thighs parallel to the ground support foot floor is angled 90

96% of dentists maneuvers and hold the instrumental resting
his hand on the ring and little fingers, while 4% do not. 92%
of dentists perform the twist of the wrist when there’s
supination or pronation on mid-range, while 8% did not
perform this twist of the wrist in these circumstances. 73%
of dentists do not keep their thighs parallel to the ground
plane creating an angle of 90 ° between thighs and legs,
while 27% does.

[lustration 1. Ideal Posture BHOP (Balance Human
Operating Position).

Source: Universidad Rey Juan Carlos. (2012). Ergonomic
working positions. Introduction to Dental Clinic.

During clinical practice only 11% of dentists put their feet

on the ground at an angle of 90 ° with the legs, while the
remaining 88% do not form the angle. 50% of dentists keep
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their feet flat on the floor most of the time of patient care,
while the other 50% remain unsupported feet on the floor.

Of all respondents, 77% of dentists responded that their
handling charges and 23% do not; 50% of people report that
the weight they handled is a dental box, 46% reported that
the weight they handled is a suitcase and 4% handled a
lunchbox; about the objects that manipulate the respondents:
54% say the weight is between 4-6 kilograms, 31% say the
weight is between 1-3 kg and 15% say that the weight of the
objects handled is higher than 7 kg; 46% load these objects
for more than 4 days per week, 27% load the objects 3 to 4
days and 27% load the objects 1 to 2 days.

69% of dentists consider their work requires moderate effort,
11% believe that their work requires a soft and maximum
effort respectively, while 4% requires hard and very hard for
each effort.

3. CONCLUSIONS

As aggravating factor were observed that more than half of
respondents refer to be sedentary and although all
respondents agree that the systematic practice of physical
exercise is beneficial to their health, only half practice some
physical activity or sport. Occasionally, factors attached to
other intrinsic or extrinsic type, such as taking a side
sleeping position, using 2 to 3 pillows on the bed and study a
minimum of three hours per day with a laptop, facilitate the
appearance of muscular symptoms and counterweight
provided by rest periods of compulsory forced positions to
be adopted in clinical practice, it is not enough.

Both, students and teachers, reported the presence of muscle
discomfort, attributing it to work, which reflects that this is a
problem that occurs in the professional practice, indicating
the need of create a culture of selfcare from the student
scope, intervention necessary to prevent the development of
diseases that affect the health and quality of life of
professional in dentistry.

In evaluating the ergonomic risks which are exposed
dentists, the study showed that a high percentage of these
professionals perform neck rotation with minimal cervical
flexion and slightly bowed head; the shoulders are not
parallel to the ground. The student tends to lean more on the
work plane and rotate the neck in excess, especially early in
their clinical practice, increasing the sustained muscle
contraction, causing an imbalance and triggering fatigue and
muscle pain.

Looking for a better view and/or access to the oral cavity of
the patient, it was observed that is not maintained the back
straight, or arms are located close to the body, pushups and
exaggerated twists are performed. Are unusual performing
stretches or breaks because time pressure.
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The percentage of dentists who support the foot at a right
angle is very low, most dentists performed footing on the
heel or the tip of it, and on the basis of the chair; there is no
support in the lumbar region.

It is necessary that dentists are aware of the risks they are
exposed, their effects and protective measures and/or
prevention, which should be applied to prevent the
generation of muscleskeletical disorders and also future
illnesses, adopting appropriate ergonomic habits counteract
the harmful positions during patient care.
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RESUMEN

En el presente trabajo se realiza una evaluacion ergondémica
a la estacion de trabajo denominada “empacado de
celofanes” de una empresa de confiteria y gomas, donde se
muestra a trabajadoras que tienen alto riesgo de desarrollar
Desordenes Traumaticos Acumulativos por tareas de alta
intensidad o repetitivas causando estrés en las extremidades
superiores del cuerpo, principalmente. Para poder evaluarlos
se utiliza el método RULA, con el cual se analizan las
posturas del cuerpo, sefialando los niveles de actuacion a
través de una puntuacion en las extremidades superiores e
inferiores, adicionados a los valores de la carga muscular.
Este método permitio valorar el nivel de riesgo en la estacion
de trabajo, proponiendo su redisefio que involucrd la
modificacion de la mesa de trabajo disminuyendo el angulo
de inclinacion, provocando el cambio de postura, lo cual
hace que las cajas queden niveladas, reduciendo la flexion y
desviacion cubital de las mufiecas de las operadoras,
mejorando la produccion y su desempeiio ademas de agilizar
el método de empacado, reduciendo con ello enfermedades
profesionales, ausentismo e incapacidades.

PALABRAS CLAVE: Desordenes Traumaticos
Acumulativos, Evaluacion, Método RULA

SUMMARY

In the present paper, an ergonomic assessment of workers
from the 'cellophane packaging" workstation in a
confectionery and gum company, who are at high risk of
developing Cumulative Traumatic Disorders due to high-
intensity or repetitive tasks causing stress mainly in their
upper limbs of the body, was carried out. To evaluate them
the RULA method was used, analyzing body postures,
pinpointing performance levels through a score system of the
upper and lower limbs, added to the values of the muscular
load. This method allowed the assessment of the level of risk
in the workstation, proposing its redesign involving the
modification of the worktable decreasing the angle of
inclination, causing a change of posture, which makes the
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boxes be at a more proper level, reducing flexion and ulnar
deviation of the wrist of the operators, showing a production
and performance improvement in addition to making the
method of packaging more dynamic, therefore reducing
occupational diseases, absenteeism and disability.

KEYWORDS: Cumulative Trauma Disorders, Assessment,
RULA method.

1. INTRODUCTION
In the present days, most employees complain of muscle
pain, and almost in the same proportion pain in the upper
limbs (shoulders, arms, wrists and fingers) and the lower
limbs (trunk and legs) is stated, including a series
pathologies, all directly associated with excessive physical
load, greatly because a number of tasks exceed the
capabilities of workers, leading to the appearance of
physical fatigue, discomfort or pain, as immediate
consequences of the demands of their work triggering
Cumulative Trauma Disorders (CTDs), [1].

CTDs are health problems of locomotor system:
tendons, skeleton, cartilage, ligaments and nerves. These
include all kinds of ailments, from mild and transient
discomforts up to irreversible and disabling injuries,
induced or aggravated by work activity and the
circumstances in which they are developed. Even when it is
considered that these disorders are caused or intensified by
work, they are also associated with domestic activities or
sports practices, [2].

In order to demonstrate the growing problem of
CTDs in the workplace and to overcome the lack of
knowledge among workers regarding work-related diseases,
so that all those CTDs, which origin at work, are not treated
as common diseases but being attacked them by root, the
following analysis is performed using one of the several
existing methods of assessment, the RULA method, which
purpose is to demonstrate the severity of these disorders
arising from repetitive operation movements involved in the
areas of packaging. Also, the developed analysis will
demonstrate ergonomic risk levels of different CTDs
derivative of the cellophane packaging operation area and
the obtained results will allow proposing actions which will
help to prevent occupational injuries to the packaging area
operators caused for their work.

2. OBJECTIVE
To identify and improve inadequate movements performed
by employees of the "cellophane packaging" area of a
confectionery and chewing gum company through the
RULA method , in order to reduce injuries, illnesses,
absenteeism and disability, and to increase and make the
packaging method more dynamic.

3. METHODOLOGY
This research was carried out in a well-known transnational
company in the city of Puebla marketing products such as
snacks, candies, gums, biscuits, cheese and powdered
beverages. Being the largest in the field of confectionery
and chewing gum in the group it belongs to, the company
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uses cutting-edge technology. The subject of study was
selected according to the processes which take place in the
area, being the 4-pellet chewing gum packaging the main
process carried out. The area is called Cellophane Packaging.

The operator packs 4 to 5 boxes in 60 seconds, 300
in 1 hour for a total of about 2100 boxes during a seven-
hour working shift. See Table No. 5. Filling these boxes
involves repetitive movements of the arms, forearms, wrists
and fingers, being the last two the most affected as, within a
minute 16 forced movements, wrist and fingers flexion and
extension are performed to place the finished product into
boxes resulting in a total of 960 repetitions in 1 hour of
work.

3.1 RULA

The RULA method (Rapid Upper Limb Assessment) [3] was
developed by the Dr. McAtamney and Dr. Corlett from the
University of Nottingham in 1993, to assess the exposure of
workers to risk factors that can cause disorders in the upper
limbs of the body: postures, repeatability of movements,
applied forces and static activity of the musculoskeletal
system.

RULA [4] evaluates specific postures involving a
higher level of postural load. The application of the method
begins with the observation of the employees’ activity over
several cycles. From this observation the most significant
tasks and postures should be selected, either for the length of
time spent on that posture or for assuming a greater postural
loading. These postures are to be evaluated. If the duty cycle
is long, the assessments can be made in regular intervals. In
this case the time spent by the worker in each posture will be
considered.

The key for assigning scores to each part is the
measurement of the angles of the different parts of the
operator’s body in respect of certain references in the
analyzed body posture. The method determines for each part
the angle measurement. This is carried out by taking
photographs of the worker’s posture and measuring the
angles on them.

Application of the RULA method

The evaluation of the workstation of the cellophane
packaging operator, using the RULA method, is carrying out
a division of the body into two groups, group A that includes
the upper limbs (arms, forearms and wrists) and group B,
comprising the legs, trunk and neck. Through the tables
associated to the method, a score is assigned to each of these
parts and depending on these scores, overall values are
assigned to each of the groups A and B. See Figures 1 and 2.
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Figure No. 2 Group B Analysis

The operator is sat during the whole task with her legs on the
seat and her feet on the foot rest of the stool or, at any given
moment, on the foot rest adapted on the Workstation.

Her weight is symmetrically distributed and there is enough
room to change posture, there this is scored with 1 point.
Table 1 shows the Group A Global Score equal to 5 points,
corresponding to the upper limbs of the operator.

Group A Individual Results:

e Am:3

¢ Forearm: 1

e Wrist: 4

e Wrist twist: 1
Therefore:

Table 1. Group A Global Score
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Once the individual values of the lower limbs were obtained
the Group B global score is calculated similarly to 3 points.
As show no Table 2.

Group B Individual Results:

¢ Neck: 3

e  Trunk: 2

o Legs: 1
Therefore:

Table 2. Group B global score

Then, global scores of groups A and B are modified
according to the type of muscular activity and on the force
applied during the task performance using the corresponding
scoring tables. Scores obtained from Groups A and B will
be added to obtain the results from Groups C and D
accordingly.

Group A muscular activity

The packaging activity is a repetitive task as the operator
carries out the movement 16 times in a minute and 960
times within an hour, therefore, according to the table, 1
point is scored

The load is lower than 2 kg, and no resistance stops the
operator’s movements, then the score is 0.

¢ Grouo A muscular activity: 1
e Group A load/force: 0

Group A global score=5+1
Therefore:
Group C Score =6
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Group B muscular activity

The packaging activity is a repetitive task involving only the
upper part of the body therefore it is scored with 1 point as
the operator remains sat during the whole task, but with her
legs resting on the foot rest of the stool or the foot rest
adapted on the workstation and her weight distributed along
the stool.

The load is lower than 2 kg, and no resistance stops the
operator’s movements, then the score is 0.

*  Group B muscular activity: 1
¢ Group B load/force: 0

Group B global score=3+1
Therefore:
Group D Score =4

Having the Groups C and D scores accordingly, the final
RULA score is calculated and it is obtained with the C and D
global score table. See Table 3

Group C Score =6  Group D Score =4

Table 3. Groups C and D Scores

Lastly the final score is obtained through such global
modified values. The final value obtained through the RULA
method is proportional to the risk involved in the
performance of the task, in a way that, high values indicate a
higher probability of musculoskeletal injuries. As shown on
Table 4.

The Final RULA Score is 6 and using this value in the
ergonomic risk table the score granted is 3, which means
redesigning of the task, the workstation and carrying out
research activities.

Table 4. Final Ergonomic Risk Score

Performance:

When the final score is 1 or 2,
posture is acceptable.

When the final score is 3 or 4,
may be required changes to the
task; is advisable go further on
the study.

The final score is 5 or 6, is
required the redesigning of the
tasks; is necessary to conduct
research.

The final score is 7. Urgent
changes are required in the job
or task.

SOCIEDAD DE ERGONOMISTAS DE MEXICO, A.C.

Before 4-5 boxes
After 6 boxes

4. RESULTS
According to the analysis and the result obtained for this
study, the final score RULA is 6 and ergonomic risk score is
3, which indicates that they should make immediate changes
to the workplace to minimize the effects of CTDs.

Changes were made on the structure of the
workstation; it was redesigned in order to eliminate
repetitive and forced movements that workers had on the
wrists, as it was one of the aspects with the highest score
during the analysis, [5].

The modification was performed on the worktable
represented on Figure 3, showing the current workstation
and the change in the posture of the wrist, which place the
boxes in more proper position reducing flexion and ulnar
deviation in the wrists of the operators.

Now, there has achieved a total of about 2520 boxes during
a working day of seven hours. This shows that are making
better use of resources, resulting in increased productivity.
See Table 5.

Table 5. Score boxes before and after of method application

Total of
boxes work
day of
aprox. /7
hrs

2 100 boxes
2 520 boxes

RULA No. of boxes Total of
method packed/min boxes/hour

300 boxes
360 boxes

5. CONCLUSIONS
According to the analysis of the activities performed by
applying the RULA method, changes to the cellophane
packing area workstations are made so the aim of this work
was reached by 80%.

The application of RULA method allowed the
identification of inadequate movements that produce
injuries among workers and, in turn, establish proper
conditions to labor, however, a new assessment needs to be
carried out to ensure the workstation, because according to
the score of 4 leading to Level 2, the suggestion is "changes
are required to the station and this requires deeper research
activities", according to this, it allows the application of a
different method to have a different perspective, and, since
the activity is completely manual and the operator cannot
use equipment that allows her to make this task
automatically or mechanically, because the cellophane will
probably be damaged.
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Current workstation

| Hand presenting a

i flexion greater than _——==——
i 15° f

110°

The wrist presents a
ulnar deviation and a
light twist.

On the other hand periodic breaks and staff
turnovers were established; these activities foster the
decrease of fatigue in certain muscles, joints and tendons [6],
as well as the decrease of their workload, and last, labor
gymnastics [7], which allows to exercise the upper limb
before, during and after the activities which will facilitate the
reduction of injury, occupational diseases, disability and
absenteeism among workers department.
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Resumen

La buena salud y la calidad de vida con frecuencia esta
limitada para una gran parte de la poblacion, esto debido a la
presencia de desordenes musculo esqueléticos, tales como el
dolor de espalda baja, de cuello, hombres y espalda alta,
todos los cuales estan asociados a ciertos factores de riesgo,
los cuales estan asociados a la repeticion de movimientos, a
las cargas soportadas y a las posturas del cuerpo.

Las actividades de arte desarrolladas por pintores,
escultores y grabadores tienen usualmente demandas fisicas,
tales como de levantamiento de cargas, adquisicion de
posturas no naturales, extensiones manuales y repeticion de
movimientos, todas las cuales son premisas que pueden
conducir al desarrollo de trastornos musculo esqueléticos.

Por éstas razones, es necesario realizar una evaluacion
del riesgo de desordenes musculo esqueléticos, y por ello se
ha usado en esta investigacion el método de evaluacion
rapida de miembros superiores, para aquellas actividades del
quehacer del arte en donde se presentan posturas sostenidas
por largos periodos de tiempo y para aquellas que resultan en
malas posturas. Por otra parte, debido a que la mayor parte
de las tareas desarrolladas por los artistas demandan el uso
del lado derecho del cuerpo, la evaluacion realizada se ha
desarrollado para un solo lado.

La evaluacion realizada en esta investigacion se llevo a
cabo con 186 estudiantes de la licenciatura en artes plasticas
de la Universidad de Sonora, por un periodo de 16 semanas.

Los resultados de la investigacion revelan que el 48.9%
de las evaluaciones presentan una calificacion de 7 segln la
escala del método RULA, lo cual significa que existe un
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riesgo de trastornos musculo esqueléticos para todas las
actividades evaluadas en pintores, escultores y grabadores.
Se obtuvo una valoracion de 6 para el 18.4% de las
evaluaciones, y un 5 para el 31.4% de las actividades
evaluadas, lo cual demanda la realizacion de un estudio mas
profundo, asi como la modificacion de posturas; por otra
parte 9.18% de las evaluaciones mostraron una valoracion
de 4. Las tareas desarrolladas con los escultores estan
asociadas a un alto riesgo de desordenes musculo
esqueléticos.

Abstract

Art activity, mostly developed by painters, sculptors and
engravers, has physical demands such load lifting, work in
unnatural postures, forceful manual exertions and repetitive
movements which are premises that could lead to
musculoskeletal disorders.

For these reasons it has become necessary to evaluate
the risk of musculoskeletal disorders and for doing such
evaluation it has been used the Rapid Upper Limb
Assessment (RULA) for those art activities that have the
longest held posture, the worst posture adopted and due that
most of art activities demand the use of right hand, arm and
upper arm, the assessment was performed for right side.

The musculoskeletal disorder risk assessment was
performed with 186 art students from Plastic Art School at
Sonora University during an observation period of sixteen
weeks.

The results showed that 48.9% of assessments deal
with a score of 7, which means that there is a risk of
musculoskeletal disorders for all activities assessed in
painters, sculptors and engravers. A score of 6 was found
in 18.4% of assessments and for punctuation 5 was found in
31.4% of activities evaluated, which demands to extend
study and modify postures, and 9.18% of assessments had a
score of 4.  Sculptor tasks are related with high risk of
musculoskeletal disorders.

Keywords— arts, disorder, musculoskeletal.

Relevance to Ergonomics:

Contribute and provide technical data related to art tasks,
which are not deeply explored in ergonomic assessments,
and expand possibilities for using ergonomic evaluation
methods usually devoted to industrial tasks, in other areas
like those related to art field.

1. INTRODUCTION

Health and quality of life sometimes is reduced for a large
proportion of population because of chronic musculoskeletal
disorders (low back pain, pain in the neck, shoulder and
upper back) which are associated to certain risk factors, that
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can be detected during labor tasks, and most of them are
related to repetitive movements, work load and body
postures.

The occupational etiology for musculoskeletal
disorders was first assigned at the beginning of XVIII
century[1], however they were examined using
epidemiological methods until the sixties. Musculoskeletal
disorders are highly associated to certain risk factors that can
be detected at work labor[2] among these factors are the
repetitive  movements, loads and postures, unnatural
postures and vibration, however there is controversy in
regards to non occupational causes. The prevalence of
musculoskeletal disorders is associated with industrial
tasks[3], the higher risk sectors include the nursery activity,
space transportation, food processing industry and
manufacturing.

Upper extremity disorders are related to intense manual
tasks like the ones developed in office work, cleaning,
industrial inspection and package. Low extremity disorders
are associated with postal service tasks, warchouse and
health workers[4].

The musculoskeletal disorders are catalogued as
occupational diseases, these appear around the risk factor
associated with them; nevertheless a lack of coordination
exists, in the appearance of a disorder and its method of
detection, usually they are detected as soon as the disease
becomes manifest and presents a symptom, and in other
occasions across questionnaires, which results are subjective
and therefore they do not throw an objective valuation of the
musculoskeletal disorders, because of that, the use of a not
subjective method, guarantees a detection of them, with
minor bias and less mistake.

It is important for the development of this research, to
establish the conditions and generals elements relative to
movements and positions that the performer of the plastic art
develops during his painting, sculpting and engraving
activity. A general description of movements and postures
will be done, as follows:

Material Handling: It is one of the conditions of major
frequency in the tasks of the sculptor, from material lifting,
to push and pull it, variables associated to this activities
include the weight of the object, the initial and final heights
where the object settle, the angles of rotation, the symmetry
of the body on having raised the object. Under this activity
there are three main postures: humbled, stand and sitting, in
the first posture, the position of the feet and the hands is
critical, in the second one, the position implies placing the
foot behind of the center of corporal mass. The sculptor, also
handles static weights, that is to say, support elements, which
supported with the hands generate a force of torque due the
fact that the support of the body is in the vertebral column.
Another repetitive task in the work of the sculptor, is the
transportation of heavy objects, which is a task that realized
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in long distances, is linked to problems in shoulder and
back, and for short distances, is related to problems in
hands. One of the tasks that generates stress on the
cardiovascular system is the load lifting [6].

In the case of painters and engravers, there does not
exist evidence of which we can say they handle materials
that involve loads, pushes, or material pulling, since the
materials used usually are low in weight.

Sedentary postures: The plastic artist, especially the painter
and the engraver, are subject to sedentary positions with
high visual demands of work and a need of stabilization of
the system neck-shoulder, due to the work that is realized by
the widespread arm. On the other hand, both activities
demand high concentration level, quality and quantity of
work, that often can cause stress in the muscles of the neck,
besides which, the joints of the neck and the discs are often
subject to degene