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Abstract:  Introduction: Work-related musculoskeletal disorders (WRMSDS) are
one of the most common causes of absence from work. Exposures in the work
environment can cause or aggravate the impact of these musculoskeletal disorders
and the identification of ergonomic exposures are essential in risk assessment. It is
important to assess all three key indicators of these exposures (intensity, frequency and
duration) for being able to estimate the risk level for the development of WRMSDS.
Aim: This paper aims to give an overview of some of the observational methods that
can be used for assessment of ergonomic risks at the workplace. Methods: This study
was conducted as a scoping review of the medical and ergonomic literature and official
governmental webpages in Sweden, U.S.A. and the Netherlands. Resu/ts: In total, 19
different observational methods were identified. We summarize our findings based on
the body parts that were studied and what key indicators were assessed: 1) intensity
of the work load (posture and force production), 2) frequency of the work load (e.g.
repetitive movements), and 3) the duration of the work load (e.g. static work). In an
appendix we include a brief presentation of these methods together with the work
sheet (if available) and the source reference of the observational method. Conclusion:
For ergonomists that perform risk assessments, there is a large number of observational
assessment tools available and it is important to understand that different methods can
be used simultaneously to be able to estimate the objective risk levels for WRMSDS.
Keywords: assessment, ergonomics, musculoskeletal disorders, observational methods,
risk.

Resumen:  Introduccidn: los desérdenes musculo-esqueléticos relacionados con el
trabajo (DME) son una de las causas mds comunes de la ausencia laboral. Las
exposiciones en el entorno de trabajo pueden causar o agravar el impacto de estos
desérdenes musculo-esqueléticos y la identificacion de exposiciones ergondmicas es
esencial en la evaluacién de riesgos. Es importante evaluar los tres indicadores clave
de estas exposiciones (intensidad, frecuencia y duracién) para poder estimar el nivel
de riesgo para el desarrollo de DME. Objetivo: este articulo tiene como objetivo
proporcionar una vision general de algunos de los métodos de observacién que se pueden
utilizar para evaluar los riesgos ergondmicos en el lugar de trabajo. Mézodos: este estudio
se realizé como una revisién del alcance de la literatura médica y ergondmica y de las
paginas web gubernamentales oficiales en Suecia, EE. UU. Y los Paises Bajos. Resultados:
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en total, se identificaron 19 métodos de observacién diferentes. Resumimos nuestros
hallazgos en funcién de las partes del cuerpo que se estudiaron y los indicadores clave
evaluados: 1) la intensidad de la carga de trabajo (postura y produccién de fuerza), 2) la
frecuencia de la carga de trabajo (por ejemplo, movimientos repetitivos) y 3) la duracién
de la carga de trabajo (por ejemplo, trabajo estdtico). En un apéndice incluimos una
breve presentacién de estos métodos junto con la hoja de trabajo (si estaba disponible)
y la fuente de referencia del método de observacion. Conclusidn: para los ergdbnomos
que realizan evaluaciones de riesgo hay una gran cantidad de herramientas de evaluacién
observacional disponibles y es importante comprender que se pueden usar diferentes
métodos simultdneamente para poder estimar los niveles de riesgo objetivo para DME.
Palabras clave: evaluacidn, ergonomfa, desérdenes musculo-esqueléticos, métodos de
observacidn, riesgo.

Resumo: Introducio: as desordens musculoesqueléticas relacionadas com o trabalho
(DME) sio uma das causas mais comuns da auséncia do trabalho. As exposicdes
no entorno de trabalho podem causar ou agravar o impacto destas desordens
musculoesqueléticas ¢ a identificagio de exposi¢oes ergondmicas sio essenciais na
avaliagio de riscos. E importante avaliar os trés indicadores chave destas exposigoes
(intensidade, frequéncia e duragio) para poder estimar o nivel de risco para o
desenvolvimento de DME. Objetivo: este artigo tem como objetivo proporcionar uma
visao geral de alguns dos métodos de observacio que se podem utilizar para avaliar os
riscos ergondmicos no lugar de trabalho. Mézodos: este estudo se realizou como uma
revisio do alcance da literatura médica e ergondmica e dos sites governamentais oficiais
na Suécia, nos Estados Unidos e nos Paises Baixos. Resultados: em total, identificaram-
se 19 métodos de observacio diferentes. Resumimos os nossos achados em fungao das
partes do corpo que se estudaram ¢ os indicadores chave avaliados: 1) a intensidade da
carga de trabalho (postura e producio de forca), 2) a frequéncia da carga de trabalho
(por exemplo, movimentos repetitivos) e 3) a duragio da carga de trabalho (por
exemplo, trabalho estdtico). Em um anexo incluimos uma breve apresentagio destes
métodos junto 4 folha de trabalho (se estava disponivel) e a fonte de referéncia do
método de observagao. Conclusdo: para os ergonomistas que realizam avaliagdes de risco,
h4 uma grande quantidade de ferramentas de avaliagiao observacional disponiveis e ¢
importante compreender que podem-se usar diferentes métodos simultancamente para
poder estimar os niveis de risco objetivo para DME.

Palavras-chave: qavaliagio, ergonomia, desordens musculoesqueléticas, métodos de
observagao, risco.

Background Ergonomics

Ergonomics involves the interaction between human, technology and
organization in the purpose of optimizing health, well-being and
performance (1). Deficiencies in the working environment affect the
individual, the company and the community. Therefore, well planned
ergonomic working environment not only implies health benefits for
the individual but also lead to increased quality and productivity gains
for the company (2) and for society (3). A specific part within the field
of ergonomics is, according to the international ergonomics association
(IEA), the compatibility among human anatomical, anthropometric,
physiological and biomechanical characteristics and the static and
dynamic parameters of physical work (4). Relevant issues are thus
working postures, materials handling, repetitive movements, static work,
work-related disorders and safety and health (4), aiming to prevent
the occurrence of injuries of the musculoskeletal system. These injuries
are one of the most common causes of absence from work, leading
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to individual suffering and enormous costs for society. The most
common body-parts that are affected are neck/shoulder and low back
(5). Biomechanical exposures in the work environment can cause (6) or
aggravate (7) the impact of these injuries, therefore the term work-related
musculoskeletal disorders (WRMSDS) is often used to describe these
injuries (4).

Prevention of WRMSDS is less costly than rehabilitation and
preventive measures aim to detect the potentially harmful ergonomic
work situations at an early stage, before WRMSDS occur (2). This process
of identifying and classifying the risk levels for WRMSDS is called
risk assessment. Risk assessment should be performed systematically by
the employer, but there is often a need for an ergonomists with more
extensive knowledge about work- environmental conditions. Although
risk assessment often is used on an individual level, for example in
the investigation if the MSD of a specific worker could be related
to his/her specific workplace, risk analyses should analyze the work
task rather than focusing on the individual. Moreover, risk assessments
should be performed by using methods that are objective and correct,
in other words, reliable and valid. It is of great importance that risk
assessment is performed before the work task is taken into production,
for example, during the planning stage or when reconstructing existing
workplaces. By assessing the WRMSD risk in this stage, it is easier to
specify the individual demands that are needed to perform the specific
task. Ergonomic risk analyses can also be performed when one aims to
evaluate the effect of a workplace intervention. Most studies on effects
of workplace interventions aim to evaluate the reduction of WRMSDS
(8), but this approach is shadowed with a large number of methodological
difhiculties and it seems to be more feasible to study the effect on
ergonomic exposures, rather than the occurrence of injuries.

Using an assembly line as example, workers are exposed to multiple
concurrent factors that could lead to WRMSDS, such as the speed
and height of the assembly line, the amount of products that are
handled, the weight and shape of the products, the weight of the
tools used, the duration of the working cycles and the number of
pauses. The number of workers on the work site, the number of joints
involved, the movement quantity and quality, the ability to alter body
positions, psychological stress, time pressure, working hours, time of
day, environmental factors (light, temperature, noise, vibrations), and
the psychosocial work environment, etc. In a risk assessment of such
a complex workplace it is important to structure the exposures into
different components based on the pathophysiological mechanisms for
WRMSDS. In the best of worlds, a risk assessment should cover
all aspects, but often one need to focus on the two or three most
important risks in order to find suitable interventions. In a multifactorial
environment, one could use one specific assessment method that is
perfectly constructed to assess one specific risk in one specific work task
over a short time period, or use a general risk assessment method that
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assesses the total load over a longer time period. So the question is: which

approach should be used?
Intensity, Frequency and Duration

When assessing the ergonomic risks, three key indicators of ergonomic
exposure should be taken into account: I) the “intensity” of the work load;
e.g- awkward posture of the trunk and/or extremities (posture)* and force
production during lifting, pushing and pulling (due to lifting, pushing
and pulling tasks), F) the “frequency” of the work load; e.g. repetitive
movements, and D) the “duration” of the work load; e.g. static work, lack
of changes in posture (9). Using these categories, many of the common
ergonomic risks can be identified: manual handling (I), awkward posture
(I/D), repetitive work (F), and static work (D) can be observed.

Table 1 provides examples of how these three key indicators of
biomechanical exposure can be clustered against the aforementioned
ergonomic risks for WRMSDS. This table also shows that many of
the common WRMSDS, due to combinations of risks (6, 7), can be
described by more than one key indicator. Moreover, different and
similar categories could be expressed in different or similar measures,
making it difficult to know which risk or key indicator is observed.
For example, by measuring the inclination degree of the back during a
lifting task (expressed in degrees and in Newtons) in combination with
the time spent in this angle (expressed in percentage of working time
or in seconds), one could assess the risk level for WRMSDS for the
combination of awkward postures and static work. Previous researches
show that the combination of risk factors is an especially important
factor to consider in a risk assessment [6]. There is in addition a need for
observing concurrent risk factors for WRMSDS.

Table 1

Classification of biomechanical loading into the three key indicators (Intensity,
Frequency, and Duration) of the ergonomic risks for WRMSDS, their
measures and some of the common WRMSDS associated with these exposures

Key Risk Measure Common
Indicators WRMSDS
Manual handling Kg or newton Injuries in the vertebras
I: Intensity and discs?,
: Injuries in tendons®
Awkward posture Degrees Injuries in muscless
e — Repetitive work e Injuries in tendons®
ERl LELs Manual handling y Injuries in muscless
Amount of time
Static work spent in one position,
. . EMG-level Injuries in tendons?
e Injuries in muscles®
Awkward posture Number of breaks

Degrees
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It should be taken into account that the psychosocial (including
organizational) factors, individual and environmental factors are not
included in this table; these should be incorporated in the overall
judgment of the level of the WRMSD risk at a later phase.

Ergonomic Risk Assessment and Intervention

Ergonomic risk assessment is part of the risk management process that
will be included in a systematic analysis of potential hazards to ill-health
and accidents. The purpose of making an ergonomic risk assessment
is to eliminate work-related health risks by identifying existing or
potential risks that may lead to MSDS. When risk factors are identified,
interventions to reduce or minimize them must be carried out. Risk
assessments can also be useful to evaluate an intervention performed at
the workplace.

To successfully implement ergonomic improvements in the work
environment, it is important to identify key persons who have the power
and obligations to take action at the workplace at an early stage (10). It is
of the outmost importance that the risk assessment is well imbedded in
the organization and the key persons are employed by the organization.
External consultants could be involved in the ergonomic risk assessment,
but the intervention should be initiated from within the organization.
Moreover, the employees should be included from the beginning. This
so called participatory approach, i.e. where the employees are actively
involved in the risk assessment and intervention development, has been
proved successful in earlier studies (3).

Four Steps in an Ergonomic Risk Analysis

There are four steps involved in an ergonomic risk analysis. First, the
physical working situation should map all performed tasks. There are
several methods for this, but the hierarchical task analysis (HTA) is a
recommended method for this mapping procedure [11]. The next step
is to rank the tasks. This can be based on, for example, the time spent
on a specific work task, or the severity of the ergonomic problems. This
step is followed by an objective assessment of the three key indicators
(intensity, frequency and duration) for each work task. Based on the
assessment, a decision of the severity of the risk should be taken. A
traffic light model —green (no obvious ergonomic problems), yellow/
orange (minor/major ergonomic problems) and red (serious ergonomic
problems, many workers are at risk of developing WRMSDS)— can be
used for this. The fourth and final step is risk management.

In this paper, we focus on the second step, the objective assessment of
the ergonomic exposures.
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The methods available for the observation of risks can be divided
into three categories: questionnaires, observation methods, and technical
measurement methods.

1. Questionnaires: Here, the employee assesses the organization
ergonomic risks during work wusing a questionnaire
with pre-defined answers, e.g. the Dutch Musculoskeletal
Questionnaire (12). This method is easy to use with large
groups of workers and enables comparisons over time and
between groups. However in workers with WRMSDS, there
could be validity problems since they experience their work
with a higher perception in terms of intensity, frequency
and duration compared to those with no WRMSDS, thus
introducing a serious form of bias, i.e. differential exposure
assessment bias (13).

2. Observational Methods: These methods have to be based on
concepts of an external observer (preferably an ergonomist)
who fills in a predefined scoring sheet while watching a worker
performing his/her work. These methods are more time-
consuming but their reliability and validity have been found
to be satisfactory (14). Currently, there are many different
observational methods for ergonomic risk assessment and no
consensus exists on how to choose between them. In 2010,
Takala, et al. provided an overview of some of the existing
methods (14), but we believe there is a need for an update of
this review.

3. Technical Methods: Lately, there has been a large
development of new technical methods for observing postures,
movements, and loads. For example, there are smartphones
applications that can measure angles over time (15), as
well as different types of accelerometers (16, 17, 18) and
inclinometers (19, 20), smart clothing (21), and video-
based systems (http://www.vidarweb.se), etc. that could be
used for ergonomic risk assessment. These instruments are
usually very accurate, but with some disadvantages: they are
more expensive than observational methods, they need to be
handled by experts and they interfere with the organization’s
work.

It is important to choose the most accurate and cost-effective method.
We believe that weighing all the pros and cons of these three methods
observational methods using pre-defined score sheets seem to be the most
useful for ergonomists that work with daily ergonomic risk assessment in
work environments.


http://www.vidarweb.se
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Aim

The aim of this paper is to give an overview of observation methods that
can be used in the assessment of ergonomic risks for WRMSDS at the
workplace.

Materials and methods
Deszgn

This study was designed as a scoping review of the literature on ergonomic
risk assessment. PUBMED, ARBLINE and GOOGLE SCHOLAR
databases were searched using combinations of key words such
as ‘ergonomic risk’, ‘assessment/measurement/methods’, “WRMSDS’,
‘intervention’, together with the three biomechanical exposure categories,
intensity, frequency and duration. Moreover, websites from different
national institutions (Sweden) and international (the Netherlands, US)
were searched as well. The two authors (WG and EJ) searched for
methods using a “snowball method”, which means that bibliography of
papers also were used to find methods. Special focus was put on papers
published after 2008, to add methods that were developed after the
systematic review of Takala, et al. (2010) (14).

Included were original papers that present the assessment method of
the ergonomic risk exposures at work. Only papers in English, Dutch or
Swedish that were available in full text were included. Moreover, only
methods that use objective assessment measures were included; that is,
an external assessor performs the risk assessment based on a pre-defined
scoring sheet without the use of technical equipment.

Results

In total 19 methods were found that met the inclusion criteria, and
for each method, the body part that is assessed together with the key
indicators are presented in Table 2. In Appendix 1, the methods are
described very briefly. In general, those methods had been found easy to
use and provided useful information for the ergonomist to communicate
the risk to the employer/employee in terms of green, yellow and red, and
gave directions for ergonomic interventions.

Six methods assess risks in all body parts simultancously (OWAS,
PATH, PLIBEL, REBA, RULA, and WERA) while the other 13
methods study specific parts. One method (ALLA) focuses on the lower
part of the body, only. Concerning intensity, all instruments measure
this key indicator and all but one (HAL) assess the workers’ posture.
Fourteen of the 19 methods capture the frequency of the work task,
while one instrument (KC) only partially assesses frequency, i.e., it asks

the examiner with a simple one yes or no question if there were any
repetitive movements. Four observation methods (ALLA, LUBA, QEC
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and RULA) do not include frequency in their risk assessment. Seven
methods establishduration (SI, ALLA, HARM, KIM I-II, KIM III,
RAMP and WERA) and two methods measure duration only partially
(ART, QEQC), i.e., if the work task was performed 0-2h, 2-4 h or >4 h/day.

Of the instruments, six assesses all three key indicators: SI, HARM,
KIM I-11, KIM III, RAMP and WERA, while one instrument assesses all
key issues partly (ART).

Table 2
Observational Methods for the Assessment of Ergonomic WRMSD Risk

Name

and reference Body Part Intensity Frequency Duration
. Yes
Arra (22) Lower limb (Posture) No Yes
Partial ;
AgT (23) Mostly hand/ fingers (Pusture) Yes Partial
: Yes
cmo RISK INDEX(24) Upper extremity (Force and posture) Yes No
HaL (25) Wrists/hands e Yes No
(Force)
Neck/shoulder, Lower arm/  Yes
narm (26) wrist (Force and posture) Yes Yes
xc (27) Hand, lower arm Yes Partial No
: (Force and posture)
xm I-I1 (9) Yes
Lifting/Pulling/Pushing Trunk (Force and posture) kL Yes
xmm III (28) . Yes
Manual work Arm/wrist (Force and posture) Lo Yes
Neck, shoulders, upper back, Yes
Luea (29) lower back, elbows and (Pasture) No No
wrists/hands
ocra (30) Upper extremit ¢l Yes No
pp ¥ (Force and posture)
owas (31) Whole body e Yes No
(Posture)
patH (32) Whole bod bis) Yes No
Y (Force and posture)
pLIBEL (33) Whole body L Yes No
(Force and posture)
Yes .
QEc (34) Back, neck, arm, hand (Pusture) No Partial
. Yes
RAMP (35) Back, upper extremity (Force and posture) Yes Yes
reBA (36) Whole body bl No No
(Posture)
: Yes
ruLa (37) Upper extremity/Whole body (Posture) No No
s1(38) Hand, lower arm ¥es Yes Yes
2 (Posture)
Yes
WERA (39) Whole body Yes Yes

(Force and posture)




Revista Ciencias de la Salud, 2018, 16(supl.), ISSN: 1692-7273 / 2145-4507
Discussion

This study maps a large number of instruments that can be used in
the assessment of ergonomic WRMSD risk factors. Table 2 shows an
overview of which body parts and key indicators (I, F, D) are assessed
by these instruments. All of the instruments assess posture (intensity),
but the other two key issues of biomechanical exposure (frequency and
duration) were not included in all observational methods. Considering
the instruments, only six assess all three key indicators: SI, HARM, KIM
I-II and KIM III, RAMP and WERA, and among these, only WERA
measures the biomechanical WRMSD risk for all body parts.

For ergonomists that perform risk assessments, there is a large number
of observational assessment tools available, it is important to understand

that different methods can be used simultaneously in order to estimate
the objective WRMSD risk levels.
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Appendix 1. Short description of the observational methods
Agricultural Lower Limb Assessment - ALLA

ALLA is a diverse and segmented ergonomic lower limb assessment tool
developed for farm assessing farmers at work. ALLA is especially useful
for studying lower limb burdening work [22, 40].

Fosture

““ I
Bo Bas5 B4S

BD BO =] 80 B0 80 BO B4s B4S BS0 B0
-50 -50 545 -548 545 -590 -850 5120 -545 -545 -850 -590 -500 -590
P Ed5 -E90 -E0 -E45 £480 £45 £90 -E0 -E0 E45 E45 £45 -E0 -E45
evel
2 1
1 min e nia nia nia nia wa nfa nia nia na nfa nfa nfa
a~7 2~6 1 1 1
2 s i i — na nva wa nfa nia na n'a nfa o nfa

Risk level

Little High High

Source: http://www.koreascience.or.kr/article/ArticleFullRecord.jsp2en=OGGHBK_2010_v29n6_933

Assessment of Repetitive Task of the upper limbs - ART

ART is suited for tasks that involve actions of the upper limbs that are
repeated every few minutes, or even more frequently, and occur for at least
1-2 hours per day or shift. Although ART mainly focuses on upper limbs,
neck and back positions are monitored as well. The risk levels for the
following factors are assessed: frequency and repetition of movements,
power, work postures and influencing factors. If the predetermined risk
levels do not fit, the assessment can be placed between two levels. ART
can be used in assembly line, production, processing, packaging, packing
and sorting work, as well as work involving the regular use of hand tools.
ART is not intended for display screen equipment (DSE) assessments.
ART hasdeveloped an excel sheet for analyzing several tasks that take into
account the rotation frequency between different tasks (23).


http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=OGGHBK_2010_v29n6_933
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Source: http://www.hse.gov.uk/pubns/indg438.pdf

Cumulative Trauma Disorder - CDT

The instrument was developed for the detection of repetitive strain
injuries and includes four main factors that contribute to a sum
score (based on a specific equation): the frequency, posture, force and
miscellaneous factors (24).


http://www.hse.gov.uk/pubns/indg438.pdf
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CTD Risk Index
Job Title: VCR Counter No.: Date:
Job Description: Departmant: Analyst
|Cyds Time (in minutes; obtain from videolape) la
# Cyele/Day = (480& Lunchi Ereaks) = e .iggd,",,.,_
Cyelelime
# Parts / Day (if known) ap
# Handmations / Cycle la
# Handmotions / Day (4 x &) e
Frequency Factor [Divide @ by 10,000) = |
[Cirele apprepriate condition) = - Points 3 s
'Working Postura Sit Stand
Hand Pesture 1: Pulp Pinch Mo Yes
Hand Posture 2: Lateral Pinch No Yes
Hand Posture 3: Palm Pinch Mo Yos
Hand Posture 4: Fingar Press Mo Yoo
Hand Posture 5: Power Grip Yes No
Type of Reach Horizontal Up/Down
Hand Deviation 1: Flaxion No Yos
Hand Deviation 2: Extension Mo Yos
Hand Deviation 3- Radial Dav Nn Yas
Hand Deviation 4: Ulnar Dev. Mo Yes
Forearm Rotation Neutral InfOut
|Elbow Angle " O0E _90E
|Shoulder Abduction [] <45E <00E [>90E
Shoulder Flexion 0 <B0E <18DE [=180E
Back/Neck Angle (1] <45E <90E =00E
Balance Yes No
Total the Points for the Circled Conditions ¢
Posture Factor (Divide ¢ by 10) = |
Grip or Pinch Forca Usad on Task 3 Ibs. |&Dividet byé:
Max Grip or Pinch Force € Ibs.
Force Factor (Divide & by .15) = |
E : : Points
(Circle appropriate condition) ] 3 3 3
Sharp Edge Mo Yes
Glove Mo Yes
Vibration No Yes
Type of Action Dyramic Intermittent Static
Temperature Warm Cold

Total the Points for the Circled Conditions &
Miscellaneous Factor (Divide & by 3) =

CTD Risk Index = 3 x (Fraquency + Fosture « Force Faciors) = 1 x (Miscelanecus Facior)

ICTD Risk Index =.3 x ( + + )+ Ax( ) =

Source: http://home.spin.net.au/safchands/reference%20documents/ CTDRisk.pdf
Hand Activity Level

This method intends to assess the MSD risk in the hand and forearm
in repetitive work that is performed for at least four hours. The method
is based on two variables that are judged by simple observations and
estimates of the person performing the work: 1) hand activity level
(HAL), that indicates how often the movements are performed (assessed
on a VAS scale), and 2) hand force, in which the produced force is
estimated with a Borg cr-10 scale. These variables are placed on two axes
in a chart with marked areas for red, yellow and green for identification
of action and threshold limit values (TLV) (25).


http://home.spin.net.au/safehands/reference%20documents/CTDRisk.pdf
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ACGIH= TLVx for Hand Activity

Job Analyst Date
Left Right
Hand Activity Level (HAL)
(See scale below)
Normalzed Peak Force (NPF)
{See table below)
Ratio = NFF /(10-HAL)
Determine Result >mv O >nv O
nv=07| ALwty [ ALwrv O
AL =056
& <AL O <aL OJ
Hand Activity Level Rating
0 2 4 6 8 o
Hands e Consistent Skow sieady Sicady monond  Rapad steady Rapud sieady
most of the CORSIN LI madionierer- EXEMDn; mationdeer- motionf
tme; no long pauses; or  tions: frequent mfrequent tions; no dfficulty
regular very slow brief pauses pauses. regular pauses. kecping up or
crcrbons MOLons continuous
CXE TN
Estimation of Normalized Peak Force for Hand Forees
MVC Subjective Scale Moore-Garg Observer Scale NPF
Score | Verbal Anchor {Ahemative Meshod)
0 () | Nothing at all 0
5 0.5 | Extremely Weak | Barely Noticeable or Relaxed Effort 0.5
(Just Noticeable)
10 | [ Very Weak I
20 2 | Weak (Light) Noticeable or Defimite Effort 2
30 3 | Moderate 3
40 4 Obvious Effort, But Unchanged Facial 4
Expression
50 5 | Stromng (Heavy) 5
60 6 ial Effort with Changed Facizl [
70 7 | Very Swong Expression 7
BO ] 8
90 9 Uses Shoulder or Truck for Foree 9
100 10 | Extremely Strong 10
{almost maamum )
8 6
5
w
as K
b4 4
o4
g 3
e 4
E
2 7
14
0

Hand Activity Level

Source: http://personal.health.usf.edu/tbernard/HollowHills/HALTLVM15.pdf
HARM

HARM assesses the risk of load-related injuries in the hand, arm, shoulder
and neck during work tasks that last for at least one hour while the weight
of whatishandled is less than 6 kg. The method is intended to be used only
for manual and arm-intensive work. It should not be used for assessing
computer work. The assessment is conducted on one work task at the
time, i.e., if there are several hand-intensive tasks within the work, they are
assessed separately. HARM assesses six different areas: time, most active
hand, power, work posture, vibration, and other factors. For these areas,
different risk points are calculated, which are finally combined, resulting
in a risk assessment. Risk levels are graded in green, yellow or red (26). The
assessment form is a five-page document, alternatively it is a computerized
tool.


http://personal.health.usf.edu/tbernard/HollowHills/HALTLVM15.pdf
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Source: https://www.fysiekebelasting.tno.nl/en/instrumenten/welcome-to-the-hand-arm-risk-assessment-method-HARM/
Keyserlings Cumulative Trauma Checklist

KC was developed to map the risk factors associated with MSDS in the
upper extremities aiming to reduce accidents and inconvenience caused
by poor ergonomics at the workplace in a car factory. KC assesses the
occurrence of awkward posture, repetitive movements, external forces,
vibration, temperature, drafts, tools, and glove use on 18 yes/no questions
for both hands. For some factors, duration and frequency are also noted.
A total sum score is obtained, the risks are graded into three levels (27).


https://www.fysiekebelasting.tno.nl/en/instrumenten/welcome-to-the-hand-arm-risk-assessment-method-HARM/
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Keyserlings checklista for vre extremiteterna

Féretag/Arbetsplats/Arbetsmoment

Arbetstagare Bedomare

Vilken B¢ arbetstogarens doming nts hand?

Vanster [ue,,g. Bida Daturn fox bedammingen

Besvara nedanstiende frigor genom att ringa in lampligt alternativ

Repetitivitet Nej a
1. Innehdller arbetet repetitiva handrorelser? *

Besvara “ja” om négat v faljande stammer:
o.  arbetscykeln dr kortore on 30 sek, eller
b, honderna repeteror samma rorelser under
mer an haiva arvetscykein
Mekanisk stress Vanster hand Moger hand Anm.
a

2. Orsakar hirda eller skarpa foremal, verkiygeller  Nej s Nej [
delor ov arbetsytan lokalt tryck pé
o, fingrarnas dorsak-eller loteralsida? 0 v 0 v
b, handflata eller handledsbas? 0 v 0 v
c underamm eller armbige? 0 v 0 v
o armhdia? 0 v 0 v
3. Anvands handfiatan eller hypotenaregionen 0 v 0 v
som “slaguerktyg” (hammare)?
Kraftanvindning
4. LyRter, bar, skjuter/pressar eller drar 0 v 0 v
arbetstagaren objekt som viger mer 3n 4,5 kg?
5. Miste arbetstagaren grenpa objekt, verktyg 0 v 0 v
eller reciskap som har shit och hal yta (ingen
Vistruktur eler Faste for att mingka risken att
glida)?
6. Anvinds fingertoppen eller tummen for att 0 v 0 v
pressa, rycka eller skjuta?
7. Om inga handskar anvands satt kryss
i rutan och g4 vidare tillfriga A O
Om arbetstagaren anvander handskar, forsvrar v ° v
d dessa hans greppmojlighet?
Kommentarer:
Vimter hand Hager hand
> ny Mg >33 Amm
criein cpkeln
& Grppr eter Rier shestaguren
abetsstuckan olar verkiyy som vdger
nct? c v * ] +
Arbetsstalining
FRpenp— 0o v . o v e
o v ] .
sidadeviation auandleden?
1L Forotommer viands, roerndsoler 0 ¥ N o v o
Arivange underamdrelser®
1. st arberstagarennd bakom 0o v * o v e
happen?
15 Lyfs rmen | arbotet 3 ot armbigen 3¢
1oy med llerover magaropen 0o v * A
(epasrin?
Varkiyg, handhili otjeit
14 Overters vibra 0o v s LI
oofe i o
15, Stammar kel b bssingsut ver 0o v + o v e
operatarem hand cher hancied?
16, Anwings ndgot fnger smabha o v . 0 v o
Ighngsittare/arfyrance ryckDrelser?
e P
17, A vekigets oter objetiets vikier o
otansersde?
15, Uppstir yck ach kyck i Fanden nde o v o v

man hanterar veriyg aler chiekt?

Uista ds varkiy, objekt ach utrustring som s ren i rbgoma 14-18 svaer:

Toraburma = /

(hetat™ fartal vy

Kommentarer:

Source: https://www.hig.se/download/18.77ab3a5b143c32193b30
af/1392299046534/Keyserlings+checklista+%C3%B6vre+extr.pdf

KIM I (Lifting) and KIM II (Push and Pull)

KIM T is designed for assessment of work tasks that require manual
handling during a working day. First, it determines if manual handling
primarily involves lifting/holding, holding or carrying loads. This gives a
time span. Then the weight of the load is established. The most common
job posture is determined as well as various aggravating factors. Finally, a
risk point is calculated. Risk levels are graded in green, yellow, orange or

red (9).


https://www.hig.se/download/18.77ab3a5b143c32193fb30af/1392299046534/Keyserlings+checklista+%C3%B6vre+extr.pdf
https://www.hig.se/download/18.77ab3a5b143c32193fb30af/1392299046534/Keyserlings+checklista+%C3%B6vre+extr.pdf
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In a similar way, KIM II is used for assessment of work that involves
pushingand pulling. The procedure is similar to KIM L. First, a time point
is given, based on the distance that the load is moved (more or less than
5 m). Then, the weight of the load and how it is moved is determined. If
the work involves load pushing, the body posture is assessed. Movement
speed and body posture are also determined, as well as aggravating factors.
Finally, a sum of risk points is calculated. Risk levels are graded in green,
yellow, orange or red (9).
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KIM III (Repetitive Manual Handling for the Hand-Arm)

KIM III is developed after KIM I and II, it assesses repetitive manual
handling for the hand-arm. The latest validated version was published in
2012. The analysis is based on observation of several working cycles. If the
cycle time is less than 60 seconds, 5-10 cycles are observed. If the cycle
time is longer than 60 seconds, 10-15 cycles are observed. The duration of
the activity over a working day, the effort needed, position of hand and
arm, work organization, body posture, etc. are determined. Risk levels are
graded in green, yellow, orange or red (28).

Loading on the Upper Body Assessment - LUBA

In LUBA, a score is calculated for the posture of each body part. The
combined individual score for the neck, shoulders, upper back, lower
back, elbows and wrists/hands gives a postural load index (PLI). This PLI
score shows how musculoskeletal loading is associated to the worker’s
posture. LUBA classifies the risk of musculoskeletal disorders into four
action categories (29).
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Department: Task: Cperator:
Analyst name: Date:
Jaint Maotion Class  Scors Motion Class Score
Wrist Flexion 0-20" e ___ Extension 0-20° 1 -
20-60° 4 20-45° 5
=60 ] . =45” nm
Radial o1’ 1 __ Uinar 0-10° 1 .
deviation  10-30° § __  devialion 10-20° 5
=30° o =207 9 o
Elbaw  Flexion  0-45 1 ___ Supination  0-90° a -
45-120° a . =80 g -
»120° 7 .
Pronation  0-70° 3 —
deviation >70° | .
Shoulcer Flexion 0-45" 1 __  Extension 0-20" 1 .
45-90" 5 e 20-45° 7 i
90-150° ] . 45-60° 12
» 150" | =607 16
Adduction  0-10° 1 —_  Abduetion 0-30° 1 —
10-30° 4 a 30-90° & S
=30° 17 .. =907 13
Medial 0-30° 1 Lateral 0-10° 1 _
rotation  30-90° 4 __  rotation 10-30° 5 .
>80" m =307 10 e
Meck Flexion 0-20° 1 __  Extension 0-230" 1 e
20-45" 5 b 30-60" g L
45" B: = =607 15 __
Lateral 0-30° 1 __ Potatien 0-30" 1 i
bending  30-45° B 30-60° a
=45° 13 =60" [
Back Flexion 0200 1 __ Extension Mot ineluded
20-60" 6 __
=60° 13
Lateral o107 1 __ Rotation 0-20° 1 it
bending 10-20° 5 3 20-30° 3 s
20-30" 12 30-45° 7 o
=30° 16 =45° 14

Postural load =

Source: http://2004ergonomicarticles.blogspot.com.co/2007/06/LUBA-assessment-technique-for-postural.heml
Occupational Repetitive Actions

OCRA is a synthetic index describing risk factors related to repetitive
actions at work. The total number of technical actions performed during
the shift is divided by the total number of recommended technical actions.
The latter is counted from observed actions multiplied by weights given
for the following factors: muscle force, posture of the parts of the upper
limb, lack of recovery periods, daily duration of the repetitive work, and
other additional factors. The OCRA system comprise three assessment
tools: 1) The OCRA mini-checklist, which is a simplified version, as a
preliminary screening tool is intended for special sectors (e.g. craftwork,
small business, agriculture, etc.) in which the work is not organized
according to precisely defined rates, times and cycles as it is in industry, 2)
the OCRA checklist for initial risk assessment, and 3) the OCRA index

for precise and analytical risk assessment (30).


http://2004ergonomicarticles.blogspot.com.co/2007/06/LUBA-assessment-technique-for-postural.html
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Source: http://www.epmresearch.org/index.php?fl=2&op=mcs&id_cont=837&idm=837&moi=837
OWAS - the Ovako Working Posture Analysis System

In the OWAS method the four most common work postures for the back,
three postures for the arms and seven postures for the legs are identified,
together with the load handled (three categories), these 252 options are
then classified into four action categories (31). A portable system for
coding and analyzing is currently available.

back posture
& 1- upright
L— B 2-  leaning forward
D 3- flexuous
1 2 ] §

] 4 - leaning forward and flexuous
forearms posture
1- both below elhow joint
2-  one above elbow joint
3- both above elbow joint
legs work
1 2 3 1- sitting position

G- kneeling on one or both knees

£ ]

Z- standing with legs upright
3- standing with one leg upright
FB 4 - standing with legs bent
35— standing with one leg bent
1 E ] § 3
7- walking

external load volume for men [kgl
l 1- below 10

2 - within the range 10-20

7 3 3- above 20
back posture forearms legs work | expternal load
code position code code volume code

Source: https://www.iasj.net/iasj?func=fulltext&ald=2366


http://www.epmresearch.org/index.php?fl=2&op=mcs&id_cont=837&idm=837&moi=837
https://www.iasj.net/iasj?func=fulltext&aId=2366
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A.

Posture, Activity, Tools, and Handling - PATH

PATH has a work sampling-based approach, it was developed specifically
to characterize the ergonomic hazards of heavy highway construction
work. PATH is based on the OWAS definitions and uses the same risk

levels [32].

TRUNK

ERER

1) Meutral Foraard Flexion [28) Severs Forward Flexion (3] Latersl Bending or Twisting 4] Fhmmui-hunﬁ
meﬂeum uuwnuuhg 2|!'-eF|nmn<4 Flewon = 45" Forwan Fleon < 20° and
and Twisting < 20" Laimral Bancing or Twasbing > 20" Ynngnm‘
NECK
(1) Huwiial 13) Non-twatral
Fiaudon or Labecal Bending < 30° Flexlon of Laberal Bending > 30*
or Twiwling < 45 or Twisling > 45"
LEGS
1) Mowtral (2) Ome Lag in Air (3] Legis) Bant (4) Squatting 5] Walking
HKnee Flexion < 387 One Fool Not Supported At Least One Knee Flaxon > 35°  Both Knees Flexon » 507
1§] Kneeling T) Eitsing on Chair 6] Sieting on Ground [5) Crawling 10) Lags Nat Supparting Body
At Laast Ona Knsa Worksr Seated Worker Saated Worke! Moving o1 Worker Suppored by Something
Touchirg Ground Foal Dalow Duttocks Feat At Dutiock Height Hands and Kness (& Hamess) Other Than Legs
ARMS
11} Mewera 141 UTE AT HIBSD @) Two Afis Riised
Both Elbows Below One Elbow Above Bom Elbows Above
Shoulder Haight Shoulder Height Shoulder eight

Definitions for the PATH posture endes, The PATH posture codes are modified from OWAS posture codes (Karhu er al, 1977)

Source: https://www.tandfonline.com/doi/abs/10.1179/0¢h.1999.5.2.79

PLIBEL

PLIBEL is a method for the identification of musculoskeletal stress
factors which may have injurious effects. The checklist is designed so
that items, ordinarily checked in a workplace assessment of ergonomic
hazards, can be listed and linked to symbols of five body regions. The list of
items consists of questions concerning awkward work postures, tiresome
work movements, poor design of tools or workplace, and stressful
environmental or organizational conditions. For a PLIBEL registration
there is no duration criterion, excluding rare events or peak loads (33).
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Method for the Ldem:lﬁcauon of musculo-skeletal stress factors which may have injurious effects-PLIBEL
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Source: https://www.sciencedirect.com/science/article/pii/0003687095000225?via%3Dihub

Quick Exposure Check - QEC

QEC is suitable for the assessment of many different types of work
and work tasks, but each task should be assessed separately. The starting
point for the assessment is the worst possible work positions for each
body part involved in a task. The observer assesses body posture and
body movements while the employee (in cooperation with the observer)
estimates time, level of force, visual requirements, vehicle driving,
vibrating tools, work load and stress levels. Different combinations of
these parameters give points that sum up one body part at the time.
Priority levels for possible interventions are proposed for the endpoints

(34).
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Wilbelmus Johannes Andreas Grooten, et al. Observational Methods for Assessing Ergonomic Risks for Work-Related Musculoskeletal Disorders.
A..

w1 @ 2 4ln P a1 @
e o 5. « 0 Wi
N e il By a0 W
N | -l = =
B Seleet OHLY ONE of the twe Tobewng sk cptens i1 [ ey rey e than 70 b et O
Ui PR —— (R P ———
Fou meated 0 anding slaticrary Laaks. Doss the 4 On v, how much tee do you sgend. B8 D e
ek Faman 9 3 GEItE position Modt of e el ey on s kT 51 ald nral 248
B[ A [ Lese man Zhoun 2 il N wln s
Bz [ T ph.  esbibinges PRy a0 0l L ajiE
& [ Mo an 4 rour s s T
o Wira puskialpulng snd caeryi sk
8 maawing & Soad}. i Wt MENEIEE o the Back [
vt far  emas g et 3¢ bone? v everid i e st e i
B4 ] Fraquent faraund B ames per manuaei 11 [ Lom in.g s trn 1 b o n 5. " e s s e
5 [ Very Focqeent [ 12 b per i o e 2 Mo . 4 wd W -l ; S o w5

Shoulder/Arm

© Wi e laak s periormed, are B handi u Lo (ST i b e e fre L]
e et s Materd

B e ET PP ——
ek ih ol (fon catete ko O b b

=y P —

02 [ Ator s st e M A o s you cefve o vebdcle For

D i sheuionriirm masament v T

R L — 12 [l Harwean 1 and 4 nours per cay?

2 ] Fracuet pagier mousmant W Bma pames? s [ hose an 4 neurs por day?
D[] Very racusent fumcet ennins movenent] T
N A% ok 65 you use wisenting in o for

Wiist'Hand NI e i 08 o nar Cay o Navar!
B b the task pectiommed with 10 [ Batwann 1 an  rours e ciay?
T wor C469 SIS . I 8 B o gy

Bt [ An mmest svaight wrist?

Ex [ A cevime o bent wrist? B0 o v STRCuty ke L Wi i wr

@ in gencenl, how do yeu find this job
o it 1 st

G2 [ Yeu, ssensicnsly * i Moceratal o Ve Sesse sie deialy o e bos bet R — -

L [P —— [or— T o
G [ Yeu, contnucusly ooy SrolSom el B e 8 8
e

Source: http://www.hse.gov.uk/research/rrpdf/rr211.pdf

Risk Management Assessment Tool for Manual Handling Proactively -
RAMP

RAMP is a newly developed tool to support the assessment and
management of risks of musculoskeletal disorder (MSD) in manual
handling work. It consists of four modules: 1) a checklist-based “RAMP
I” for screening of MSD risks (yes/no), 2) a “RAMP II” which enables a
more in depth analysis, 3) a “Results module” for presenting, visualizing
and communicating the results, and 4) an “Action module”, for the
development of risk reducing measures and systematic risk management.
RAMP uses a number of equations in which multiplicative interaction of
different ergonomic factors are taken into account. The tool includes two
types of assessments, the worst case and the average case, intended to cover
both cumulative load and peak load. Both, the initial and the sustained
force can be assessed (35).

The RAMP-tool

RAMP | - Checklist RAMP Il - Assessment

Identification of risk factors Assessment of risk factors

Results Presentation Action Plans

Fuente: https://www.RAMP.proj.kth.se/
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Rapid Entire Body Assessment Method - REBA

This ergonomic assessment tool uses a systematic process to evaluate the
whole body postural MSD and risks associated with work tasks. A single
page worksheet is used to evaluate required or selected body posture,
forceful exertions, type of movement or action, repetition, and coupling

(36).

ERGONMICS REBA Employee Assessment Worksheet

A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis

Step 1. Locats Neck Positien Tebie A e Step T. Locate Uppar Arm Posl ton

-l 2 2 2 x .l -2 =
g 3 - - 1 e

64567 | -3

S T R Posuee 3 2 2 5 &
f ek i bt o S 4 3 T
f rch is sicde berallig. +1 3

Stap I Lochts Trunk Pesitien o 5 o

Stew & Locate Lower Arm Position

3 =

Stee ¥ Lecats Wrist Pesition.

Lag Sres Benee & Scve B P
I wrisll i b P smiello of Daislend . Add « %
! -2 Add = Ada =2
Step 4: Look-up Posture Score in Table &
Ui vl st 1.3 i
scata score in Tabla A

Step 10 Look-up Pesture Score in Table B

Pamars Senrs & u
Stap 5: Add Forca/Load Scare 4 14243

adus T e [ P —

Stap 6 Score A Find Row in Table C . F % 9
Bkl wagms froim stmges 4 8 § L oliain Soore w oo
Ve b - Tl ©

Source: Hignett, S. and McAtamney, L., Rapid Entire Body Assessment (REBA), Applied Ergonomics, 31, 201-205, 2000.
Rapid Upper Limb Assessment Method - RULA

A single page worksheet is used to evaluate required body posture, force,
and repetition. Based on the evaluations, scores are entered for each body
region in section A) for the arm and wrist, and section B) for the neck and
trunk. After the data for each region is collected and scored, tables on the
form are then used to compile the risk factor variables, generating a single
score that represents the level of MSD risk. The RULA was designed
for easy use without the need for advanced ergonomic knowledge or
expensive equipment. By using the RULA worksheet, an evaluator will
assign a score for each of the following body regions: upper arm, lower
arm, wrist, neck, trunk, and legs. After the data for each region is collected
and scored, tables on the form are used to compile the risk factor variables,
generating a single score that represents the level of MSD risk (37).
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Source: http://ergo-plus.com/RULA-assessment-tool-guide/

Strain Index - SI

The methodology involves the measurement or estimation of six task
variables (intensity of exertion, duration of exertion per cycle, efforts per
minute, wrist posture, speed of exertion, and duration of task per day), the
assignment of an ordinal rating for each variable according to exposure
data, and then the assignment of a multiplier value for each variable. The
strain index is the product of these six multipliers (38).


http://ergo-plus.com/RULA-assessment-tool-guide/
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TABLE 1. Rating Criteria

Intensity of Duration of Exertion Efforts/Minute Hand/Wrist  Speed of Duration per

Rating Exertion (% of cycle) Posture Work Day (hrs)
1 light <10 <4 verygood  veryslow <1
2 somewhat hard 10-29 4-8 good slow 1-2
3 hard 30-49 9-14 fair fair 2-4
4 very hard 50-79 15-19 bad fast 4-8
5 near maximal =80 =20 very bad very fast =8
TABLEIL Rating Criteria
Rang  Eewlyol  DunlnoBeton gy, HOWt Seeld  Dutinper
1 1 0.5 0.5 1.0 1.0 0.25
2 3 1.0 1.0 1.0 1.0 0.50
3 6 1.5 1.5 1.5 1.0 0.75
4 9 2.0 2.0 2.0 1.5 1.00
5 13 3.0 3.0 3.0 2.0 1.50

(Average Duration of Exertion per Cycle)
(Average Exertional Cycle Time)

%Duration of Exertion =100

A If duration of exertion is 100%, then efforts/minute multiplier should be set to 3.0

A If duration of exertion is 100%, then efforts/minute multiplier should be set to 3.0
Source: https://ergoweb.com/the-strain-index-job-analysis-method-g-a/ https://www.ergocent
er.ncsu.edu/wp-content/uploads/sites/18/2018/01/Ecnc-Revised-Strain-Index-Calculator.pdf

Workplace Ergonomic Risk Assessment - WERA

WERA provides a quick method for screening the working task for
assessing the physical risk factors associated with WRMSDS. The WERA
tool covers six physical risk factors including posture, repetition, force,
vibration, contact stress and task duration and it involves the five main
body regions: shoulder, wrist, back, neck and leg. It has a scoring system
and contains action levels, which provide a guide to the level of risk and
the possible need for action to conduct more detailed assessments (39).

[ Workplace Ergonomic Risk Assessment (WERA) ]

MWL FLAGE LG LT FL 130 333 3L (8 (VWL WERIT &
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Source: http://ergo.human.cornell.edu/ahWERA heml
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Notes
3 It is important to understand that posture alone can cause/aggravate

WRMSDS due to the weight of the body segments if they are not supported

or due to end range positions of the joints involved.

4 Arthritis/arthrosis, hernia
5 Tendinitis, tendinosis 6 (Semi-)ruptures
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