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Abstract

Despite efforts of reducing harmful physical ergonomics exposures related to manual
handling operations, the occurrence of hazardous exposures such as heavy or repetitive
manual handling, non-neutral postures and hand-arm and whole-body vibrations is high in
many occupational sectors. These physical ergonomics exposures are considered to
substantially contribute to a large proportion of work related musculoskeletal disorders and
occupational diseases in many industrial sectors such as the manufacturing industry. To
reduce these harmful exposures (risk factors), interventions and job design strategies can
utilize risk assessment, which is also a requirement for jobs involving manual handling
operations or hazardous exposures. Despite several observation-based tools to support risk
assessment of manual handling jobs, a need was identified of an observation-based tool
which supported occupational health and safety practitioners with detailed assessments of a
broad range of risk factors related to manual handling and which supported each step in a
systematic work environment management.

The aim of this thesis was to explore the use and important usability-related aspects of
observation-based assessment tools among professional ergonomists employed in Sweden.
Furthermore, to develop new research based assessment and screening tools, to present their
scientific basis and to evaluate their reliability and usability.

A web-based questionnaire was employed to gain knowledge on the use of risk assessment
tools among professional ergonomists in Sweden and which usability-related aspects they
considered important of such tools. To develop the new assessment tools (i.e. RAMP I and
RAMP II), literature searches were performed to identify quantitatively described risk factors
related to manual handling and important task parameters affecting the workers capacity in
manual handling. The tools were developed in an iterative process with input from more than
80 practitioners, including more than 30 ergonomists, and with expert group judgments. The
two tools were evaluated concerning their inter-rater reliability using assessment made by
professional ergonomists and engineers of videotaped industrial manual handling jobs. A
paper-based questionnaire was employed to evaluate the tools usability among 20
occupational health and safety practitioners, and the ease of use of the parts of RAMP II
among 22 professional ergonomists.

The thesis points to a low proportional use of several internationally spread assessment tools
among professional ergonomists in Sweden, and a relatively higher use of tools promoted by
the Swedish Work Environment Authority. Several usability-related aspects for assessment
tool were identified as important for this population. In particular, these aspects were related
to the tools being easy and quick to use, the tools’ ability to communicate and visualize the
results, and the tools’ ability to facilitate improvement measures. The developed screening
and assessment tools support assessment of a broad range of risk factors related to industrial
manual handling. The thesis supports that assessments with acceptable reliability can be
achieved for the majority of items of the two developed tools, and improvement areas have
been identified. The thesis supports that the two developed tools are usable in supporting risk
assessments targeting musculoskeletal disorder risk factors related to industrial manual
handling.

Keywords: Ergonomics, Human Factors, Risk Assessment, Hazard Assessment, Screening,
Observation, the RAMP tool, Design, Lifting, Pushing, Pulling, Postures, Usability,
Musculoskeletal Disorders, Ergonomists, Evaluation, Reliability.
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1. Background

This thesis presents research related to the development and evaluation of the screening tool
RAMP I, and the assessment tool RAMP II, which are part of the RAMP Tool* [1]. RAMP I,
and RAMP II are designed to support occupational health and safety practitioners in
screening of, and for assessing work-related musculoskeletal disorder risk factors related to
industrial manual handling operations.

1.1 Musculoskeletal disorders and work-related health problem

Musculoskeletal disorders (MSDs) and pain are major problems globally as well as in
Europe , causing human suffering for the individual and economic burden for companies and
societies. Among musculoskeletal disorders, low back pain (LBP) and neck pain account
globally for about 70% of disability years [2]. For activity-limiting LBP, the point and one-
month prevalence globally, have been estimated to 12% and 23%, respectively [3]. Globally,
LBP attributed to exposures at work has been estimated to more than 20 million disability-
adjusted life years annually [4]. In the US, 1.15 million nonfatal occupational injury and
illness cases requiring days away from work were reported in 2015. Overexertion due to
manual handling operations (MHOs), adverse posture, and repetitive movements accounted
for 33%, followed by falls, slips and trips (27%), and contact with objects or equipments
(23%) [5]. The direct financial costs to US business in 2014 attributed to overexertion due to
MHO, adverse posture, and repetitive movements were estimated to $19.5 billion, and 1/3 of
the direct costs were due to non-fatal disabling workplace injuries [6]. The estimated
financial costs due to MSDs in other countries are also substantial, e.g. about 3—5% of the
gross national product in the Nordic Countries [3, 4], and about 3.4 % of the gross domestic
product in Canada [7].

1.1.1 Work-related health problems and risk factors in the European Union

In the European Union2, about 20 million workers experience work-related health problem
annually [8]. Close to 2/3 of these work-related health problems concern the musculoskeletal
system, where the back represents the largest category, followed by the upper-extremities
and the lower extremities [8]. The musculoskeletal system also accounts for the largest
category among occupational diseases, accounting for 4/10 of reported occupational diseases
[9]. A substantial proportion of the EU workforce is exposed to major MSDs risk factors
during work. For example, more than 30% of the workers report handling heavy loads at least
a quarter of their workday. Furthermore, close to half are exposed to tiring or painful work
postures, and about 2/3 carry out repetitive hand or arm movements for at least a quarter of
their workday [10]. Additionally, about 1/5 report being exposed to heat, cold and vibration
at least a quarter of their workday [10].

Note: 'Risk Assessment and Management tool for manual handling Proactively; 2 EU 27, excluding France.



1.1.2 Work-related health problem in the Swedish manufacturing industry

The manufacturing industry in Sweden, is strongly over-represented in terms of reported
occupational accidents and diseases [11]. Awkward postures, lifting and repetitive work were
attributed about half of the occupational diseases in the manufacturing industry [11].
According to recent data from the Swedish Work Environment Authority (SWEA) [12], about
one third of the employees in the manufacturing or process industries reported pain in the
upper back or neck, lower back, shoulders/arms, and lower limb at least 1 day per week.
More than half report being physically fatigued at least 1 day per week after the workday has
ended [12]. Clearly, work-related MSDs (WMSDs) are a substantial problem globally and
nationally, and a large proportion of the workforce is exposed to major risk factors daily.

1.2 Requirements of risk assessment

According to EU Directive, the employer shall ‘ensure the safety and health of workers in
every aspect related to the work’ ([13], p.3). Furthermore, measures should be taken to avoid
risks and to combat their sources. If the risks cannot be avoided, they should be evaluated.
The employers shall, according to EU Directives [14], organize their work so that the need of
handling loads manually is avoided. If this is not possible, the risk needs to be assessed and
reduced as much as feasibly possible. These Directives have been transposed to Swedish law,
which stipulates that the employer shall ‘regularly investigate working conditions and assess
the risks of any person being affected by ill-health or accidents at work’ ([15], p.7).
Furthermore, the employer shall investigate if the employees perform work that may cause ill
health or that is unnecessary fatiguing due to postures, movements, manual handling or
repetitive work [16]. In the (risk) assessment, the duration, frequency, and intensity of the
exposure need to be considered. In operating machinery, action shall be taken to minimize
the physical and psychological stress, fatigue and discomfort faced by the workers [17]. Thus,
for work involving manual handling and operation of machinery, psychological stress,
fatigue, and discomfort of the operators need to be considered in addition to other hazards.

1.3 WMSDs risk factors

WMSDs have multifactorial origin. Physical, psychosocial stressors, and individual factors
are believed to be important contributors to WMSDs [18, 19]. Major physical risk factors for
WMSDs include manual handling (e.g. lifting and pushing/pulling) [18, 20, 21, 22, 23, 24, 25,
26, 27, 28], non-neutral postures (e.g. bending and twisting) [18, 20, 21, 22, 24, 28, 29, 30,
31, 32], repetitive movements [18, 20, 21, 33, 34, 35, 36], and vibration [18, 20, 21, 34, 37, 38,
39, 40, 41, 42, 43, 44]. The attributable fraction of low back disorders due to e.g. manual
materials handling (MMH) and frequent bending and twisting alone have been estimated to
between 11-66% and 31—58% respectively [18, 45], indicating that a substantial proportion of
these disorders has the potential of being prevented by risk reducing measures at the
workplace.

1.4 Reducing WMSDs - Interventions

Evidence of positive health effects due to interventions is in general weak [46]. In order for
interventions to have positive impact, commitment of key stakeholders are consider
important, and interventions that target the employees at highest risk with measures that
actively involve the employees [46]. Multi-component interventions are reported having
more positive impact on health effects than single-component interventions [47]. Commonly
used prevention strategies aimed at preventing WMSDs in manual handling jobs include,
worker selection (e.g. based on medical screening), education and training (e.g. lifting
techniques) and job design [48, 49]. Of these three strategies, job design has been regarded
as most effective [48, 49]. Regarding the effect of training for employees exposed to MHO, a
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recent review by Verbeek et al. [50] found moderate evidence that training in manual
handling techniques was not effective in preventing back pain or back pain-related disability.
Rivilis et al. [51] reviewed the literature on participatory ergonomic interventions on health
outcomes and found 12 studies that they rated having medium or high quality. Based on
these 12 studies, Rivilis et al. [51] reported that there is moderate evidence that participatory
ergonomic interventions can reduce MSD-related symptoms, and partial evidence that
participatory ergonomic interventions can contribute to reducing days from work or sickness
absence due to MSD, and reducing MSD injuries and workers’ compensation claims.

For work involving mainly manual handling, van der Molen et al. [52] reported a reduction in
physical work demands and musculoskeletal symptoms associated with interventions that
introduced (mechanical) lifting devices. They additionally reported positive effects related to
active involvement of the employees. Marras et al. [53] reported significant reduction in LBD
incidence rate attributed to introduction of technical aid (i.e. lift tables and lift aids) for
workers performing MHO in the manufacturing industry. Carravick et al. [54, 55] reported
that participatory ergonomic interventions that included risk assessment were associated
with a reduction of injury rates, workers’ compensation claim costs and work hours lost due
to manual handling injuries. A recent study by Cantley et al. [56] indicated, in agreement
with Carravick et al. [54, 55] that participatory ergonomic interventions that include risk
assessment, can have positive effects on reducing negative health consequences. Cantley et
al.’s [56] study of 17 manufacturing plants in the US, reported a significant decrease in MSDs
among those plants that applied a participatory ergonomic intervention which included a
quantitative risk assessment of physical ergonomics hazards. Substantially more hazards
were also identified among those who applied quantitative risk assessment, i.e. 4.7 per plant
compared to 1.5 per plant among those who did not perform quantitative risk assessment.
Hence, these results indicate the importance of having support of stakeholders and active
involvements of employees, and a strategy to effectively identify risks and implementing risk
reducing measures. Findings by Tornstrom et al. [57] indicate that the use of a risk
assessment tools can, additionally, improve participation, internal collaboration and the
effectiveness of the implementation process (i.e. implementing risk reducing measures). Job,
or task rotation is a commonly used strategy to reduce or prevent WMSDs [58]. Evidence for
its ability to reduce MSDs is, however weak (i.e. inconsistent evidence) [59]. For some
occupations, job rotation has been associated with increased probability of low back
complaints [60]. Although job rotation can reduce median cumulative loads or reduce the
repetition rate of peak loads, it does not reduce the peak load magnitude [60, 61]. Therefore,
if high peak loads occurs, intervention strategies utilizing job or task rotation should also
include strategies to reduce peak loads.

In order to efficiently prevent WMSDs, ergonomic issues should be addressed early in the
design process. Otherwise, the cost of re-design rapidly increases and the possibility for
changes decreases. This emphasizes the importance of having relevant ergonomic
performance indicators available for production system designers at early stages in the
process [62]. Wulff et al. [63] showed that system designers request short, specific and
quantitative data, and lack of this might lead to ergonomics issues being neglected.
Experiences from professional ergonomists working in the field also indicate that
quantitative data can be useful to facilitate decision makers to take actions [64].



1.5 Methods for assessment of WMSDs risk factors

Several tools, techniques or methods (hereafter collectively referred to as ‘methods’) have
been developed for assessment (e.g. hazard, risk, or exposure assessment), or for collecting
information on work-related physical or psychosocial factors [65, 66, 67, 68, 69, 70, 71]. The
‘methods’ targeting WMSD risk factors or determinants, are usually grouped in three broad
categories: self report methods, observation-based methods, and direct measurement
techniques [68, 72, 73, 74, 75]. In the first category, data can be collected using e.g.
questionnaires, interviews or diaries (log books). In the second category, data is usually
collected by direct observations or retrospective observation from video recordings with the
guidance of an observation-based tool or protocol (checklist). In the third category, data can
be obtained using direct measurement techniques such as e.g. EMG, heart rate monitors, and
force gauge. Biomechanical models (e.g. 3DSSPP [76]) is sometimes regarded as a forth
categories, although the categories to some extent overlaps. Biomechanical models have the
advantages that they can be used for simulating workloads and predicting allowable loads for
a range of population clusters and for planned (non-existing) work. Of the first three
methods, direct measurement techniques are in general considered to produce the most
precise, accurate, reliable and valid measurements, but at relatively high costs [72, 74, 77,
78]. On the other end of the spectra, and with regards to collecting data for epidemiological
studies, it is generally considered that self-report accommodates collection of data from
many individuals at relatively low costs [72, 74, 77, 78] (Figure 1.1). Self-reports also
accommodate collection of a large battery of exposure parameters (versatility), and collection
of retrospective data. The reliability and validity of self report methods are, however low for
many parameters of exposures, as well as the precision and accuracy [72, 73, 74, 77, 78, 79,
80]. However, moderate to good agreement with more ‘valid’ methods have been reported for
some gross activities, such as duration or presence in sitting posture [79, 81, 82], standing
posture and whole-body vibration, presence of kneeling or squatting, walking, duration or
frequency of having hands above shoulder height, and manual handling >5 kg [83].

Observation Direct
methods  measurements

Self-report

Cost
Capacity
Versatility
Generality

Exactness

Figure 1.1. Strength and weaknesses with different types of methods when used in epidemiologic
studies (redrawn from Winkel and Mathiassen [72].

Observation-based tools are often considered to be positioned in the middle of the spectra,
producing measurements with higher agreement to more valid methods than obtained using
self reports [73, 74, 84]. In general, accurate measurements can be obtained for gross work
postures (e.g. trunk flexion) [74, 85, 86], especially when obtained from video observations
[74, 86]. However, direct observation of rapid motion, small body joints (e.g. the wrist), and
load weight in general produced inaccurate measurements [74, 85].

Direct or video observation using observation-based risk assessment tools (OBRATSs) has
been considered a feasible choice for occupational health and safety (OHS) practitioner such

4



as ergonomists due to their versatility, relatively ease of use and low costs in comparison with
direct measurements [68]. An evaluation of methods used by professional ergonomists in the
US showed that a majority of the respondents used a combination of technical measurement
techniques (e.g. tape measure, spring gauge, and scale, i.e. load cell) and observation-based
assessment tools [87]. According to Eliasson [88], professional occupational health services
(OHSs) employed ergonomists in Sweden often perform risk assessment without the use of a
specific OBRAT. Furthermore, Eliasson et al. [89] found that such assessments (i.e. without
the use of a specific OBRAT) performed by Swedish OHSs ergonomists on highly repetitive
work tasks, produced results with low inter and intra-observer reliability. This indicates the
disadvantage, in terms of reliability and validity, of assessments performed without the
support of valid and reliable OBRATS.

1.6 Observation-based tools and methods

A large number of tools and methods have been developed during the last decades that utilize
direct or indirect observation as their primary technique of collecting (recording) data. Two
broad and partly overlapping categories can be distinguished for these tools and methods.
The first category (Table 1.1) includes tools and methods that primarily are used for recording
and classifying information on work-related exposures such as work postures and MHOs
based on continuous observations or observations from fixed time intervals (e.g. 55-second
intervals [75]). The scope of these tools and methods vary from mainly providing recordings
of postures (e.g. Posturegram and HARBO), posture in combinations with MHO (e.g. Posture
targeting and Back—EST), or comprehensive description of the characteristics of the job
including e.g. physical and mental efforts (e.g. AET and PQA).



Table 1.1. Tools and methods for classification and recording of exposures and work tasks. Source: A)
Kilbom et al., 1986 [90]; B) Kilbom, 1994 [91]; C) Juul-Kristensen et al., 1997 [65]; D) Li and Buckle, 1999
[66]; E) Denis et al., 2000 [67]; F) David, 2005 [68]; G) Chiasson et al., 2012 [92]; H) Dempsey et al.,
2005 [87]; I) Takala et al., 2010 [85]; J) Palm et al., 2014 [93]; K) Sukadarin et al., 2016 [94]; L)
Eliasson, 2017 [88]; M) additional tools and methods.

Tools and methods for classification and recording of exposures ABCDETFGHIJKLM
and work tasks

AET [95] X X
Armstrong et al.’s upper extremity postures and work element recording sheet [96] X X X

Armstrong et al.’s methodology for documenting hand positions and forces [97]
Chang et al.’s method [98] X

Back—EST; Back-Exposure Sampling Tool [99] X
Baty et al.’s ‘Posture recording method’ [100] X

Feuerstein and Fitzgerald’s method [101]
Foreman et al.’s “Posture and activity classification system’ [102] X X
Genaidy et al.’s Standard Posture Classification System [103] X

Gil and Tune’s ’Posture recordings’ [104] X

Hand Activity Scale [105] X
HAMA; Hand-Arm-Movement Analysis [106] X

HARBO [107] X X X
Harber et al.’s coding scheme’ [108] X
Keyserling’s ‘Posture analysis’ [103] X X X X

Lowe et al.’s ‘Posture schema’ [109] X
Malchaire and Rezk-Kallah’s ‘Posture strain classifications schema’ [110] X

Nygard’s ‘Observation method for poor work postures’ [90]

Observationsmetod for arbetsskador [90] X

PATH [111] X X X X X

PEO (and Hand PEO) [112] X X X X X X

Posturegram [113]
Posture targeting [114] X X X X X

PQA; Position Analysis Questionnaire [115] X
ROTA [116]

Ryan’s “Activity analysis’ [117]

Saari and Wickstrém’s ‘Observation method’ [118, 119] X
TRAC; Task Recording and Analysis on Computer [116, 120]

VIRA [121] X
Yen and Radwin’s ‘video-based system’ [122] X X
Magnusson and Ortengren’s ‘posture scheme’ [123] X
PWSI [124] X

o

o

»

o

MoM XK MK M
<

The tools or methods in the second category (i.e. observation-based assessment tools) (Table
1.2) provide, in addition to recordings of exposure, a classification system or weighing of the
recorded exposures in terms of their magnitude or severity (i.e., exposure, hazard or risk
assessment). All of these assessment tools do not include a risk assessment. Instead some of
the tools express a general exposure level or action level. However, the term OBRAT will be
used as a general term for these two categories of tools in this thesis.



Table 1.2. Tools and methods for assessment of exposure and work tasks. Source: A) Kilbom et al., 1986
[90]; B) Kilbom, 1994 [91]; C) Juul-Kristensen et al., 1997 [65]; D) Li and Buckle, 1999 [66]; E) Denis et al.,
2000 [67]; F) David, 2005 [68]; G) Chiasson et al., 2012 [92]; H) Dempsey et al., 2005 [87]; I) Takala
et al., 2010 [85]; J) Palm et al., 2014 [93]; K) Sukadarin et al., 2016 [94]; L) Eliasson, 2017 [88]; M)
additional tools and methods.

Tools and methods for assessment of exposure and work tasks A BCDETFGHTIJKLM

AAWS; the Automotive Assembly Worksheet [125] X
Arbouw [126]

ARBAN/ERGAN [127] X X

ACGIH TLV for HAL [128] X X
ACGIH TLV ‘Lifting’ [129] X

ART Tool [130] X

BASIK; Bittre arbetssitt i kassan [131, 132] X
Berns and Milner’s TRAM method [90] X

Chung et al.’s postural stress evaluation method [133] X

CTD Risk Assessment model [134] X
Damlund et al.’s ‘Strain assessment method’ [90, 135] X X

DUTCH; ‘the Push and Pull Check’ [136, 137] X
Caution and Hazard Zone Checklists, ‘CHZ-Checklists’ [138, 139] X X X

DINO; DIrect Nurse Observation instrument for assessment of work technique
during patient transfers [140]

EWA; Ergonomic Workstation Assessment [141]
Ergonomic Workplace Analysis [142]

ERIN [143]

ERGONOVA and ErgoVSM [144, 145]

ERGO X/ FAST ERGO X [146, 147]

ERGOtool [148]

EAWS; the Assembly Specific Force Atlas [149]
Keyserling et al.’s ‘Upper extremity CTD checklist’ [150] X
Keyserling et al.’s ‘Checklist for awkward posture of the legs, trunk and
neck’ [151]

HARM [152] X X
Holm et al.’s TI-METODE (TI Method) [90] X

Ketola et al.’s 'upper-limb expert tool’ [153] X X

Ergonomic Workplace Analysis method [142] X

Job load and hazard analysis [154] X
KILA [155] X
KIM 1; Key Item Method, Lifting, Holding, Carrying, ‘KIM-LHC’ [156, 157] X X
KIM 2; Key Item Method, Pulling, Pushing, ‘KIM-PP’ [156, 158] X X
KIM 3; Key Item Method, Manual Handling Operations, ‘KIM-MHO’ [159] X X
LUBA; Postural loading on the upper-body assessment [160] X X

MAC; Manual Handling Assessment Charts [161] X X

ManTRA [162] X

MAPO [163] X
HSE Manual handling of loads assessment checklists [164] X

RAPP ; Risk assessment of pushing and pulling tool [165, 166] X
HSE Risk Filter and the Risk Assessment work sheet, ‘HSE-RF/RA’[167] X
New Zealand code for material handling [168]

NIOSH lifting equations (NIOSH-LE) [169, 170] X
OCRA; Occupational Repetitive Actions , the OCRA ‘methods’ [171, 172]

OWAS; Ovako working posture assessment system [173] X X X X X

PLIBEL [174]

QEC; Quick Exposure Check [175] X
REBA; Rapid Entire Body Assessment [176] X
Revised Strain Index [177]

RAMP; Risk Assessment and Management tool for manual handling
Proactively [1]

ROSA; The Rapid Offce Strain Assessment [178] X
PTAI [179, 180] X
RULA; Rapid upper-limb assessment [181] X X X X X X X X X

Stetson et al.’s 'Hand Exertion Classification System’ [182] X
Strain Index [183] X X X X X X

MoM K X
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‘SWEA-AFS’; the SWEA'’s provisions on physical ergonomics [16, 184] X

ULRA/RTI [185] X
WERA; Workplace ergonomic risk assessment [186] X
VIDAR,; Video- och databaserad arbetsanalys [187] X

WEST; Work Environment Screening Tool [188] X
WOPALAS; Working Posture Analysing System [189] X

WRAP [190] X

1.7 Observation-based assessment tools

Many of these observation-based assessment tools have been developed for assessment of
specific jobs or work tasks such as patient transfers (MAPO, DINO and PTAI), supermarket
cash register work (BASIK), computer work (ROSA), kitchen work (KILA), assembly work
(ERGOtool, AAWS, EAWS, and the Assembly Specific Force Atlas), or for a specific industry
such as the construction industry (Arbouw and ERGAN) (Table 1.3).

Table 1.3. Examples of tools developed for assessments of specific work, work task, or type of industry.

Work, work task, or type of Examples of observation-based assessment tools

industry

Computer work ROSA [178], Ergonomic Workstation Assessment [141]
Construction work Arbouw [126], ERGAN (ARBAN) [127]

Kitchen work KILA [155]

Supermarket cashiers BASIK [131, 132]

Patient transfer/lifting MAPO [163], DINO [140], PTAI [179, 180]

Manufacturing industry, ERGO X [146], FAST ERGO X [147], ERGONOM [191],
including assembly work ERGOtool [148], AAWS [125], EAWS [149], The Assembly

Specific Force Atlas [192]

In terms of potential users, many of these tools are mostly feasible for researchers, while
some are suitable for ergonomists and other OHS practitioners. In a recent review of
observation-based assessment tools by Takala et al. [85], among the 30 observation-based
assessment tools (Table 1.2) that fulfilled the inclusion criteria, Takala et al. [85] reported
that QEC, VIDAR, the Risk filter and the Risk Assessment sheet by HSE were potentially
suitable for supervisors and workers, and possibly also WAC, MAC and ManTRA. Pascual
and Naqvi [193] reported that ergonomics checklists were the type of method used by the
largest proportion of health and safety committee members, while Arezes et al. [194] reported
that the NIOSH-LE and KIM were those OBRATS with the highest proportion of users among
Portuguese health and safety practitioners. The Key Items Methods were developed to be
used by managers [156], while both MAC [161] and ART [130] were developed for health and
safety inspectors. In contrast to the handful number of tools that were judged as suitable for
supervisors and workers, Takala et al. [85] considered that 21 of the 30 included tools or
methods were suitable for ergonomists. The large number of different methods, tools and
techniques used among professional ergonomists in the US, reported by Dempsey et al. [87],
indicates the need of a large ‘tool box’ of assessment methods.

The OBRATs differ from each other in terms of which and the number of exposures are
addressed as well as parts of the body. The targeted exposures and body parts of recently
developed OBRATSs that have been developed for OHS practitioners (including e.g. OHS
inspectors) or have been reported to be used by OSH practitioners in several countries are
shown in Tables 1.4a—1.4c. The tools in Table 1.4a mainly address heavy MHO such as
lifting/lowering or pushing/pulling, while the tools in Table 1.4b mainly target repetitive
(non-heavy) MHO primarily involving the upper limbs. The tools in Table 1.4c mainly target
assessment of adverse work postures or screening of a broad range of MSDs risk factors of

8



exposures (Table 1.4¢). The tools targeting heavy MHO (Table 1.4a) focus on either lifting and
lowering or pushing and pulling. While the RNLE targets only lifting and lowering, MAC and
KIM 1 additionally address carrying. The three tools targeting heavy manual pushing and
pulling (i.e. KIM 2, RAPP and DUTCH) use the load weight, the type and characteristics of
the load carrier used, and environmental factors (e.g. inclination angle of the floor) as
measures of the work load. This is in contrast to the European and global standard (EN 1005-
3, and ISO 11228-3, Table 1.5) and the provisions on physical ergonomics by SWEA (‘SWEA-
AFS’) who instead uses hand force as measure of the workload in the assessment. While the
former approach eliminates the need of direct technical measurements of the hand force
magnitude, the later approach requires assessment of a range of factors contributing the
hand force magnitude such as acceleration, floor inclination angle [195, 196, 197, 198, 199],
floor material [199, 200, 201], wheel diameter [199, 200, 201] and direction of the wheels
[200]. Since each factor is inherent with a significant variability, the validity of the estimation
of the work load requirements may be negatively affected using this approach.

It is generally agreed that assessments of mechanical exposures should include the
magnitude, duration and frequency of the exposure [72, 77]. Among the three tools in Table
1.4a targeting (heavy) lifting and lowering, only RNLE explicitly addresses these three
exposure dimensions. The exposure dimensions are addressed via the load weight
(magnitude), the number of operations per fifteen minutes (frequency) and continuous time
performing lifting or lowering without added breaks (duration). However, the cumulative
duration (e.g. number of seconds exposed to MHO) and the total number of operations are
only partly addressed. For KIM 1 and KIM 2, the numbers of operations per day are assessed,
but not explicitly the frequency. Furthermore, KIM 1 and KIM 2 do not distinguish if for
example, 1000 or 3000 operations are performed daily (i.e. about 2 times/min and 6
times/min, respectively, for eight hours work). For MAC and RAPP, the frequency is
addressed, but not the duration. The tools targeting repetitive MHO and work posture (Table
1.4b and 1.4c) include all three exposure dimensions (at least indirectly). However, all three
dimensions are in most cases not addressed for each single exposure (e.g. neck posture).
With the exception of WRAP, the exposure dimensions addressed for assessment of posture
usually include the magnitude (e.g. angle relative to the vertical line of gravity) in
combination with either the duration or the frequency. For example, the exposure
dimensions for assessment of postures of the neck, upper arms or the wrists in HARM and
the ART tool include the duration (proportion of time, and duration of the task per workday)
and dichotomous categorization of the magnitude (neutral or non-neutral posture), but not
frequency. As shown in Tables 1.4b and 1.4c¢, the tools target different parts of the body. For
example, while SI, RSI, OCRA and HARM mainly target exposures to the upper limbs, REBA,
WRAP and the ‘CHZ checklists’ include exposures to both the upper and lower limbs and the
back.

The assessment of postures is often based on the most stressful posture (e.g. RULA, REBA
and QEC), or proportion of time in non-neutral postures (e.g. HARM, WRAP, the ART Tool
and OCRA). Selecting the most stressful task may require the assessor to assess multiple
situations in order to identify the most stressful task (according to the tool). If the stressful
task only occurs for a short proportion of the workday, the assessor may additionally need to
assess the most commonly adopted postures, as also proposed for e.g. RULA and KIM 3.

The assessment models in the provisions on physical ergonomics by SWEA [16] include:
heavy lifting; heavy pushing/pulling; work postures of the neck, trunk, upper arm and lower



limbs; and repetitive work or repetitive movements. For lifting, the number of lifts; the
duration; vertical height and the coupling (hand grip) should also be addressed. For pushing
and pulling, the travel distance; the number of operations or duration; the vertical height;
and if the force is exerted using one or two hands should also be addressed. Other factors that
need to be addressed is hand-arm and whole body vibration [202], recovery time and
psychosocial factors [16]. None of the tools in the Tables 1.4a—1.4c target all of these
exposures/risk factors. Therefore, assessment of jobs that includes an array of exposures
such as heavy lifting and pushing, and occurrence of non-neutral postures of the upper arms
and neck, would generally require the use of multiple tools. Additionally, none of these tools
include assessment of discomfort which may be useful since additional factors not included
by the tools may also be relevant to address, and since discomfort have also been associated
with MSDs [203, 204, 205].
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Table 1.4a. OBRATSs mainly targeting heavy manual handling.

Heavy manual handling
RNLE MAC KIM 1 KIM 2 RAPP DUTCH

Heavy MHO
Lifting/Lowering (‘"heavy")
Load weight Yes Yes Yes - - -
Frequency/duration Yes YesA YesP - - -
Posture Indirect Yes Yes - - -
Carrying (‘heavy")
Load weight - Yes Yes - - -
Frequency/duration - YesA No - - -
Distance - Yes YesE - - -
Pushing/Pulling (‘"heavy")
Magnutide of force - - - Indirect? Indirect” Indirect?
Frequency/duration - - - Yes Partly® Yes
Posture - - - Yes Yes Indirect’
Postures (excl. heavy MHO)

Neck

Magnitude

Duration
Frequency (i.e. movements) - - - - - _

Upper arms

Magnitude

Duration
Frequency (i.e. movements) - - - - - _

Trunk

Magnitude

Duration
Frequency (i.e. movements) - - - - - _

Wrist

Magnitude

Duration
Frequency (i.e. movements) - - - - - _

Kneeling/Squatting - - - - - -
Additional factors

Hand-arm vibration No No No No No No
Whole-body vibration No No No No No No
Breaks/recovery time Yes No No No Yes No
Ambient temperature (e.g. No Yes n/s No Yes No
heat, cold and draught)

Psychosocial factors No Indirect® No No NoB No
Discomfort reports No No¢ No No No¢ No

Notes: not stated (N/S); 4 includes frequency, but not total operations/workday; ® not specified in the
tool, refers to other source; € refers to signs related to exhaustion or fatigue; ® number of
operations/workday and duration/workday; E total distance/workday, not per operation; F load weight
or total weight (e.g. carrier and load weight) in combination with type of equipment or other factors is
used as instead of force; ¢ mainly qualitatively (3 categories). Does not include duration or
frequency/workday; J based on the grip height.
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Table 1.4b. OBRATSs mainly targeting repetitive manual handling.

Repetitive manual handling

ART
tool KIM3 HARM OCRA SI/RSI
Heavy MHO
Lifting/Lowering ("heavy")
Load weight - - - - -
Frequency/duration - - - - -
Posture - - - - -
Carrying (‘heavy")
Load weight - - - - -
Frequency/duration - - - - -
Distance - - - - -
Pushing/Pulling ('heavy"')
Magnutide of force - n/al - - -
Frequency/duration - - - - -
Posture - - - - -
Postures (excl. heavy MHO)
Neck
Magnitude Yes Partly Yes No No
Duration Yes Partly Yes No No
Frequency (i.e. movements) No No No No No
Upper arms
Magnitude Yes n/s Yes Yes No
Duration Yes n/s Yes Yes No
Frequency (i.e. movements) Indirect! Indirect! No Indirect! No
Trunk
Magnitude Yes Partly No No No
Duration Yes Partly No No No
Frequency (i.e. movements) No No No No No
Wrist
Magnitude Yes Yes Yes Yes Yes
Duration Yes Partly Yes Yes Yes
Frequency (i.e. movements) No No No Potentially  Yes
Kneeling/Squatting - No No No -
Additional factors
Hand-arm vibration Yes No Yes Yes No
Whole-body vibration No No No No No
Breaks/recovery time Yes No No Yes No
ﬁ‘;ﬂ);n; (tlir;lﬁge}fgture (e.g. heat, Yes Yes Yes Yes No
Psychosocial factors Yes No Partly Partly No
Discomfort reports No No No No No

Notes: not applicable (n/a); not stated (n/s); H includes force exertions involving e.g. pushing buttons,
exertion involving e.g. tightening, loosening bolts; lincludes frequency of different types of force
exertions.
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Table 1.4c. OBRATSs mainly targeting posture or screening of a range of exposures.

Posture Screening
‘HSE- ‘CHZ-
WRAP RULA REBA QEC RF/RA’  Checklists’
Heavy MHO
Lifting/Lowering ("heavy")
Load weight - Yes Yes Yes - Yes
Frequency/duration - PartlyX PartlyX NoN - Yes
Posture - Yes Yes Yes - Indirect
Carrying (‘heavy")
Load weight - Potentially©® Potentially®  Potentially© - -
Frequency/duration - PartlyX PartlyX NoN - -
Distance - Yes Yes Yes - -
Pushing/Pulling ("heavy") S
Magnutide of force - Yes© Yes© Potentially©® - -
Frequency/duration - PartlyX PartlyX NoXN - -
Posture - Yes Yes Yes - -
Postures (excl. heavy MHO)
Neck
Magnitude Yes Yes Yes Yes Yes Yes
Duration Yes Nol Nol Partly Yes Yes
Frequency (i.e. movements) Yes PartlyX PartlyX - Yes -
Upper arms
Magnitude Yes Yes Yes Yes Yes Yes
Duration Yes Not Not - Yes Yes
Frequency (i.e. movements) Yes PartlyX PartlyX Yes Yes -
Trunk
Magnitude Yes Yes Yes Yes Yes Yes
Duration Yes Not Not - - Yes
Frequency (i.e. movements) Yes PartlyX PartlyX Yes - No
Wrist
Magnitude Yes Yes Yes Yes Partly? -
Duration Yes Not Not Yes Partly? -
Frequency (i.e. movements) Yes PartlyX PartlyX - Yes -
Kneeling/Squatting Yes Nolt PotentiallyM - - Yes
Additional factors
Hand-arm vibration - - - Yes Yes Yes
Whole-body vibration - - - Yes - -
Breaks/recovery time - - - - NoQ -
Ambient temperature (e.g. heat, ) ) ) Yes )
cold and draught)
Psychosocial factors - - - - Yes -

Discomfort reports - - - - - -

Notes: Kincludes loads/force >10kg, and repetition rate e.g. >4 times/min; L only if it occurs
continuously >1 min or not; M includes knee flexion angle; N includes the duration of the task; ©
includes force exertions, e.g. >4 kg; ? includes duration of extreme joint positions; Q only included as a
note.

European and global ergonomics standards concerning work postures, repetitive upper limb
movements and manual handling operations are shown in Table 1.5. The European
ergonomics standards (i.e. EN 1005) targets design of machinery and the ISO standard
targets design of work, jobs and products.
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Table 1.5. European and global ergonomics standard for assessing posture, repetitive upper limb
movements and manual handling operations.

Exposure European ergonomics standard  Global ergonomics standard
Lifting/lowering EN 1005-2 ISO 11228-1

Carrying (EN 1005-3)* ISO 11228-2

Holding objects - -

Pushing/pulling EN 1005-3 ISO 11228-2

Postures EN 1005-4 ISO 11226

Repetitive upper limb EN 1005-5 ISO 11228-3

movements

Note: * = does not provide any reduction of the ‘allowable load’ (i.e. recommended mass limit) due to
carrying distance.

In terms of MHO, the EN standards 1005-2 and 1005-3, and the ISO standards 11228-1 and
11228-2 can be used for risk (hazard) assessments of existing jobs as well as for predicting the
‘allowable’ workload for a specified population group. Both the EN 1005-2 and 11228-1 are
largely based on the revised NIOSH lifting equation [169] (Table 1.2), while ISO 11228-2 is
largely based on the manual handling tables by Mital et al. [206]. Examples of additional
tools and models developed for predicting ‘allowable’ workload for different types of MHO
are shown in Table 1.6.

Table 1.6. Examples of manual handling models or tools (including e.g. lifting, pushing/pulling, and
carrying)

Lifting Lowering Pushing  Pulling Carrying CMHO

SSP [207, 208] X (0:9] ns ns ns -
3DSSPP [76, 209] X (0:9] X X - -
Drury & Pfeil model [210] X ns - - - -
Garg et al.’s ’'Oxygen consumption X

prediction model’ [211]*

The 1981 NIOSH lifting equation
(NIOSH-LE 1981) [170] and the revised
NIOSH lifting equation (RNLE) [169]
Job Severity Index [212, 213]

Taboun & Dutta prediction models
[214]*

Mital et al.’s “Manual Handling Model’
[206, 215, 216]

‘Shoaf et al. model’ [217]

‘Hidalgo et al.’s lifting model’ [218]
"Dempsey et al.’s Oxygen consumption
prediction model’ [219]*

Genaidy et al. model [220]

‘General lifting equation’ [221]

NIOSH 2D YBM [222]

Garg et al.’s ‘Psychophysical pushing and
pulling equations’ [199]

The ‘Arm Force Field’ method [223] - - X X - -

X X X X -

o

X - - - -

>
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Note: Combined manual handling operations (CMHO); not stated (ns); * predicts metabolic costs
related to the task (i.e. oxygen consumption).

The tools and models shown in Table 1.6 target either lifting, lifting and lowering, pushing
and pulling, lifting lowering and carrying, or lifting, lowering, pushing, pulling and carrying.
Although combined manual handling operations (CMHO) is stated as commonly occurring
[224, 225, 226] or even as constituting the main part of manual handling [227], relatively few
tools or models have been developed for assessment of CMHO [220]. Most of these tools can
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be used for predicting allowable load weight or push/pull force for a range of frequencies,
travel distances and vertical heights. For example, the RNLE can predict allowable weight
(i.e. recommended maximum weight limit) taking in to account, the horizontal and vertical
location of the load, as wells as quality of the grip (coupling) and displacement of the center
of gravity of the object, travel distance, duration, frequency, rest allowance, and load
asymmetry. Hidalgo et al. [218], expanded the range of variables by additionally including a
variables related to heat stress, body weight, age and the targeted percentile of a female or
male population. The tools and models in Table 1.6 have been derived from studies using
different research methodologies, such as physiology (e.g. Garg et al.’s and Dempsey et al.’s
models), psychophysics (e.g. Garg et al.’s ‘Psychophysical pushing and pulling equations’
[199] and The ‘Arm Force Field’ method), or a combination e.g. both biomechanics and
psychophysics (e.g. 3DSSPP [76, 209]), or combining all of these methodologies together
with epidemiology (e.g. RNLE [169]). Because of their different basis, their application for
different types of task can diverge. For example, the SSP and 3DSSPP are manly restricted
(valid) for assessment of occasional exertions while the tools and models based on physiology
(e.g. oxygen consumption) may exceed the capacity if predicting allowable workload at low
frequencies [49].

In addition to the assessment tools and models presented, several national guidelines exist
[228]. In Sweden, this includes the provision on physical ergonomics (‘SWEA-PE’) [16, 184]
that covers aspects such as repetitive work, work posture, lifting, pushing/pulling, and
psychosocial factors. Despite the large number of assessment tools available, some
companies in e.g. the vehicle manufacturing industry, with production located in Sweden
(e.g. Saab Automobile, SCANIA CV, Volvo Car Corporation) have developed their own
assessment tools to fit the companies specific needs [229]. Examples of such tools developed
and used in Europe are displayed in Table 1.7. These tools have in common that they visualize
the risk levels in a color category system, and some of them include a numerical score system
to communicate the risk. They also facilitate guidance of design, for example by explicitly
stating allowable workloads (e.g. push/pull force or load weight) for different situations.

Table 1.7. Examples of tools developed for assessment in the vehicle manufacturing industry

Work, work task, ortypeof ~ Examples of assessment tools

industry

Assembly; cars BME [230]; AAWS)[125]; EAWS [149]; the Assembly Specific Force Atlas
[192]; ECM, DACORS and METEO [231]; Associate Job Analysis [232].

Assembly; trucks SES [233]; the Ergonomics Memorandum [234]; SARA [235]; WERA
[236].

1.7.1 Criteria for evaluating observation-based risk assessment tools

No consensus exists on which single criteria should be used for evaluating OBRATS. As
reported earlier, cost (and capacity), versatility, generality, reliability and validity were
considered important aspects when evaluating advantages and disadvantages for methods to
be used for collecting data in epidemiological studies [72]. With regards to evaluating
ergonomics standards and guidelines, Fallentin et al. [228] used three criteria: (1) Scientific
coherency, i.e. the degree to which it relates to scientific knowledge on the causes of the
occupational disease and injury in question, (2) Effectiveness, i.e. impact on prevention of
occupational disease and injury in question. This included its possibility to identify risk
factors, and to contribute to a reduction of (adverse) exposure levels and adverse health
effects, and (3) ‘Usability’, here defined as its potential of being implemented, which was
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assessed with regards to its ‘user friendliness’. Kilbom [91], evaluated observation-based
tools and methods, and discussed the type of exposures (e.g. lifting, pushing, posture) they
included, as wells as their inter and intra-observer reliability (i.e. repeatability), internal
validity (i.e. concurrent validity), external validity (i.e. predictive validity), and their
applicability. Denis et al. [67], also included inter and intra-observer reliability in their
overview of observation-based methods, which they consider could be influenced by the
training of the observers. Recently, Takala et al. [85] evaluated 30 observation-based tools
and methods with regards to their concurrent validity, predictive validity, intra- and
interobserver repeatability, and face validity. Assessment of face validity included, in addition
to judgments of its scientific coherency, its possibility to facilitate decision making and
assessment of the data collection and analysis process.

1.7.2 Usability attributes of observation-based risk assessment tools

In terms of usefulness for professional ergonomists and other OHS practitioners, additional
usability aspects might also be of importance. Literature on important attributes of OBRATSs
among professional ergonomists, and reasons for the OBRATSs being used are scarce, despite
that this type of information is considered important when developing new tools [175].
Buckle and Li [237] surveyed the user needs among health and safety professionals and
‘experts’ in the development of the Quick Exposure Check [175], and Diego-Mas et al. [238]
among 244 Spanish-speaking OHS practitioners from 20 countries. Important usability
aspects identified in those studies (Table 1.8) includes, e.g. it being quick and easy to use, as
wells as facilitating assessment of relevant job exposures and supporting risk reducing
measures (i.e. decision and priority of measures). The expert’s needs identified by Buckle and
Li [237] included e.g. it being valid, reliable, backed by regulatory bodies, and being
applicable for assessments of a range of jobs (i.e. across plants).

Table 1.8. Identified needs regarding OBRATs among practitioners and experts, based on studies by
Buckle and Li [237], David [68] 2005, and Diego-Mas et al. [238].

Buckle and Li, 1996 David , 2005 Diego-Mas et al., 2015
Practitioners/H&S Experts’ needs OHS practitioners’ needs OHS practitioners’ needs
professionals” needs
Quick to apply Valid Quick to use Relatively important:
Being clear Reliable Cost effective to use Facilitates decision
User friendly High face validity = Not requiring excessive regarding measures
Having Tick/Check Having equal skills Properly addresses the
boxes balance across Facilitate optimal (broader  relevant risks of the job
Easy to learn risk factors solutions) Is applicable to different
Requiring limited Comprehensive Facilitate priority order of types of jobs
paperwork Can generalize interventions
Being specific to the  results across Facilitation of measures Potentially less relatively
task/job being plants (i.e. capacity for convince important :
assessed under Being backed by managers, e.g. by scoring Requirements of training
consideration regulatory bodies  system) Time for application (i.e.
Not requiring Capacity being quick to apply)
collection of Versatility
unnecessary data Generality

Exactness

Note: "Health and safety professionals.

The survey by Diego-Mas et al. [238] indicated that the tools’ capability of supporting
decision on measures, applicability to the jobs of interest, and to what extent assessment
using the tool reflect the ‘true’ risk were all considered important among the OHS
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practitioners. Conversely, aspects related to the relative training required, time required for
applying the tool and its relative complexity (or of it being ‘simple’) were indicated as having
less importance.

In a recent study concerning workplace assessments performed by professional ergonomics
in Canada, Wells et al. [64] reported, in agreement with Eliasson [88], that ergonomists often
initiated a workplace assessment without using an OBRAT. Instead, interviews and general
observation were used in the initial phase. However, in cases where they needed to gain more
understanding or needed to persuade the person responsible for taking action; they often
gravitated towards using more ‘objective’ methods including OBRATS, as displayed in Figure
1.2.

Decision maker
skeptical?

Issue understood + \YES
Solution proposed?

Qualitative methods +
Professional judgment

Proposed solution
accepted

Deeper analysis (e.g. use of OBRAT)

Figure 1.2. Contextual factors for using qualitative methods (or tools), and deeper analysis with the use
of e.g. OBRATS (adapted from Wells et al. [64]).

This indicates the importance of the ability, of the tool, to facilitate the assessor with a greater
understanding of the issue, and its ability to support communication to key stakeholders.

1.7.3 Use of OBRAT among professional ergonomists and other OHS
practitioners

Due to the various distribution of WMSDs risk factors in different types of jobs or work tasks,
and the specialization of many of the OBRATSs (e.g. targeting mainly repetitive upper-limb
movements, or manual lifting), the assessor (e.g. the ergonomists) may require a large palette
of tools and methods to cover the relevant exposures or risk factors of the jobs being
assessed. Additionally, this has, at least in theory, the potential to partly compensate for
some of the limitations of each specific tool or method. Despite the substantial number of
OBRAT:S for assessing WMSD risk factors available for OHS practitioners, relatively few peer-
reviewed studies have explored the extent to which they are used among OHS practitioners,
including professional ergonomists.

The issue has, however, been explored among certified ergonomists in the US [239] and
Canada [193], and among Spanish speaking ergonomics-practitioners [238], and OHS
practitioners in Canada [193] and Portugal [194].

In general, these studies indicate that NIOSH-LE [169], RULA/REBA [176, 181], OWAS
[173], and the psychophysical manual handling tables by Snook and Ciriello [240] or Mital et
al. [206] are among those with the largest proportion of users among the practitioners in
these studies. For example, NIOSH-LE was used by more than 8/10 of the respondents
among US and Canadian certified ergonomists [193, 239], and about 6/10 of Spanish
speaking ergonomics-practitioners [238], and about half of the OHS practitioners in Portugal
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[194]. RULA and REBA were used by about 52, and 18% among US certified ergonomists
[239], and about 80 and 57% among Spanish speaking ergonomics-practitioners [238], and
about half of the certified ergonomists used either RULA or REBA [193]. However, with the
exception of the study among certified ergonomists in the US [239] which was based on
answers from 308 respondents and had a response rate of 53%, the other studies had either a
low response rate (i.e. 9% [194] and 31% of the eligible [238]) or included a small number of
respondents (i.e. 17 ergonomists [193].

In Sweden, assessment of WMSD risk factors are often carried out by professional
ergonomists employed at OHSs, which in general are registered physiotherapists (RPT) [88].
The usage of OBRATSs among ergonomists with a background as physiotherapists, as many of
those within OHS-companies in Sweden, may diverge. It is also likely that the extent to which
specific OBRATS are used differs between countries, as indicated by the studies cited above.
Information of usage of specific OBRATs among Swedish ergonomists is, however, scarce.
Nordander [241] surveyed to use of different OBRATs among OHSs organizations in Sweden.
Of the 21 respondents, 20 reported that the provision on physical ergonomics by SWEA [184]
was used within their OHSs organization. The use of other OBRATSs were, however low (i.e.
<15%). While this survey provided some indications of the use of some OBRATS at the level of
the OHSs organization, the use at the individual level among ergonomists may diverge. Other
surveys by Sturesson [242] and Laring et al. [243], referred to the use of some OBRATSs
among ergonomists in Sweden, but did not provide detail information on the extent they
were used. New OBRATS have been introduced since Nordander’s survey was performed, and
it is possible that the use of OBRATs among OHSs ergonomists in Sweden has changed since
Nordander’s survey was performed.

1.7.4. Practitioners need of new observation-based risk assessment tools

Together with ergonomics experts at two global manufacturing companies with production
located in Sweden, Rose et al. [244] identified a need for a new easy-to-use observation-
based tool that could support risk assessment and risk management in the manufacturing
industries for a broad range or manual handling work tasks and jobs. Despite the existing
assessment tools, the companies could not find an assessment tool fulfilling their needs. This
included e.g. an easy to use tool, that can be applied by different users, and which provides
detailed assessment of a broad range of MSD risk factors related to industrial MHO.
Additionally the tool should be usable as input for tailoring risk-reducing measures [245]. In
concordance with the overview of OBRATSs (section 1.7), several tools may be needed to
address a range of exposures related to industrial MHO, as those addressed by the provisions
on physical ergonomics by SWEA [16].
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2. Research objective

The overall objective of the research project presented in this thesis has been to develop a
usable research-based screening tool and an assessment tool for ergonomists employed in
occupational health service organizations and other health and safety practitioners targeting
major work-related musculoskeletal disorders related to industrial manual handling
operations. To achieve this, the use of existing assessment tools among professional
ergonomists in Sweden is explored, as wells as important usability aspects of assessment
tools. Furthermore, strategies to derive usable observation-based assessment criteria from
research literature related are to be presented. Lastly in order to assess the usability of the
tools, their reliability as well other usability aspects are to be explored.

2.1 Aims

This thesis is based on the following aims:

e Aim I. Explore the use and important usability-related aspects of observation-
based assessment tools among professional ergonomists employed in Sweden.

e Aim II. Develop a research based screening tool, and present its scientific basis.
e Aim III. Evaluate the reliability and the usability of the screening tool.
e Aim IV. Develop a research based assessment tool, and present its scientific basis.

e Aim V. Evaluate the reliability and the usability of the assessment tool.

Table 2.1. The aims and in which Papers they are explored.

Papers
Aims A B C' D E*
L. Explore the use and important usability aspects of observation-based y
assessment tools among professional ergonomists employed in Sweden.
I1. Develop a research based screening tool, and present its scientific basis. v
III. Evaluate the reliability and the usability of the screening tool. v v
IV. Develop a research based assessment tool, and present its scientific basis. v Vv
V. Evaluate the reliability and the usability of the assessment tool. v v oV

Note: "Paper C presents parts of the assessment tool (i.e. a tool for assessing manual pushing and
pulling), and its scientific basis, and additionally, an evaluation of its usability; *Paper E presents parts
of the usability evaluation for the screening tool and the assessment tool.

2.2 Delimitation

e Because the job title ‘ergonomist’ is unprotected in Sweden, the exploration of use and
preferred qualities of observation-based risk assessment tools was restricted to professional
OHSs ergonomists employed in Sweden who performed risk assessment on physical MSDs
risks at least once per year, and who were registered physiotherapists.

e Paper A additionally includes data derived from interviews with twelve professional OHSs
ergonomists employed in Sweden. The results from these interviews have been presented in a
licentiate thesis by Eliasson [88] and are not part of this thesis.
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3. Theoretical framework

3.1 Ergonomics

This thesis is positioned within the Ergonomics (or Human Factors) scientific discipline,
which concerns knowledge of interactions among humans and other system elements [246,
247], or more specific, the ‘understanding of human behaviour and performance in
purposeful interacting sociotechnical systems’ ([246], p.560). As an applied domain,
Ergonomics utilizes this knowledge in design to optimize both human well-being and system
performance, using theories, principles, data and methods [246, 247, 248]. Of the different
subdisciplines of Ergonomics (e.g. Physical Ergonomics, Cognitive Ergonomics,
Organizational Ergonomics, and Macroergonomics), this thesis manly targets the Physical
Ergonomics domain, which concerns e.g. MMH, working postures, and WMSDs [247].

3.2 WMSDs risk factors, and exposures

A theoretical model of possible pathways of influencing factors that affect the workers
(employees), and that could potentially cause short term effects such as discomfort and pain,
and long term effects such as impairment and disability, was presented by the U.S. National
Research Council [18] (Figure 3.1). According to this model, external loads (task demands)
give rise to internal loading and physiological responses to copy with the increased demands.
The strain is dependent on the internal load and the capacity of the worker. If the external
loads cause internal loads exceeding the capacity of the worker, fatigue can develop, or if
prolonged excessive loading occurs without sufficient recovery, impairment or disability.
According to the EU Directive mentioned earlier, design should prevent both the short term
effects such as pain, discomfort and fatigue as wells as negative (long term) outcomes such as
impairment or disability presented in the model.
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Figure 3.1. Theoretical model displaying the relationship between external loads and development of
pain, discomfort and WMSDs (adapted from the U.S. National Research Council [18]).
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Conversely to exposure of some toxic agents, both a high and a low exposure of physical load
(including physical activity) are associated with negative health effects [249, 250, 251, 252,
253, 254, 255, 256], as visualized in Figure 3.2. Hence, design (ergonomics) should strive for
an optimum loading, including temporal dimensions.

RR>1.0
A

RR=1.0 \ >
\/ Increased work load

RR <1.0

Figure 3.2. Theoretical model of a J-shaped relationship between workload and relative risk (RR) of
WMSDs (adapted from Marras [254]; Winkel and Westgaard [257]).

3.3. Definitions of WMSDs, and WMSDs risk factors

In this thesis, the term work related musculoskeletal disorders (WMSDs) is used as a general
term denoted to injuries and illnesses of the locomotor apparatus (i.e. tendons, ligaments,
joints, nerves, vessels and supporting structures that are involved in locomotion) that may be
caused by, aggravated, accelerated, or exacerbated by interaction with known or unknown
risk factors in the workplace, and they may impair work capacity (based on definitions by the
U.S. National Research Council [18] and Silverstein [258]). In this thesis WMSDs include
work-related pain and disorders of the upper and lower extremities, and the back and lower
back. The term WMSD risk factors is, in this thesis, denoted to those factors or exposures
which have an association with WMSD [259].

3.4 Design Criteria - Manual Handling

MSDs often develop gradually, with reported latency periods ranging from several weeks to
several years [35, 44, 45, 260]. According to Ferguson and Marras [261], this development
may occur as a chain of observable events, starting with (excessive) physical loading which
may induce discomfort and other short-term responses (Figure 3.3). In the event of
continued exposure to excessive physical load, the symptom may worsen, leading to injures,
lost workdays and disability. Instead of solely monitoring MSD incidence cases or lost
workdays, design of MHO and surveillance of MSDs related to MHO can target earlier events
(observable precursors) in the chain. Using this approach, assessment and design can
address a reduction of excessive physical loading (i.e. mechanical exposure) [262],
discomfort [203, 204, 205, 263], and excessive fatigue [16, 240]. To compass with this
proactive approach, assessment tools targeting these events need to be employed. The
necessity of minimizing discomfort and excessive fatigue is, additionally, required by SWEA

[16, 17].
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Figure 3.3. Observable events in the progression of LBDs (adopted from Ferguson and Marras [261];
Marras [254])

It can be argued that design criteria for MHO (including MHO task parameters) should be
based on, or at least supported by findings from RCT-studies or prospective longitudinal
studies of high quality. However, based on the available literature, use of findings exclusively
from epidemiological studies limits the possibility to establish maximum ‘allowable’ or ‘safe’
levels for MHO. For example, Hoozemans et al. [27] found strong evidence for an association
between pushing/pulling and upper extremity symptoms based on epidemiological studies.
However, based on the available epidemiological literature, the harmful exposure level could
not be established. Instead, the authors advocated for the use of biomechanics, targeting the
structure of concern (here: e.g. the rotator cuff), and additionally to determine the capacity
not only for occasional but also frequent operations. Hence to determine maximum allowable
levels for MHO other methodologies need to be employed, including biomechanics,
physiology and psychophysics. These methodologies can give more precise information on
‘allowable’ or ‘safe’ load levels and interaction effects of commonly occurring task
parameters. Additionally they can address issues of local and whole body fatigue and
discomfort in design of MHO.

The physical load imposed on the worker results in strain of the musculoskeletal and
cardiovascular (and respiratory) systems, which has to be balanced against the worker's
capacity [49]. For MHOs, in addition to the weight of the handled object, or the magnitude of
the force required, additional factors affect the strain and the margin of the residual capacity,
e.g. the duration and frequency of the operations, ambient temperature and psychosocial
stress. Each of these factors will impose stress to the musculoskeletal and cardiovascular
systems, and hence influence the margin of the worker’s capacity. Jobs that do not
adequately accommodate the individual worker’s capacity or the capacity for a large
proportion of workers performing the tasks may result in discomfort, fatigue, MSD disorders
or injuries [25, 48, 212, 213, 264, 265, 266, 267, 268, 269]. It can additionally, have negative
effects on the performance, such as increased rate of quality deficiencies [270, 271, 272, 273,
274]. To determine allowable workload levels in MHO, several studies have utilized
biomechanics, physiology or psychophysics as design criteria [49, 206, 216, 275, 276] , or a
combination of these approaches [169, 206].

3.4.1 Design Criteria - Biomechanics

Design criteria using biomechanics as basis have often targeted compression force limits of
the lumbar intervertebral discs (I.4/L5 or L5/S1) and maximum joint torques [49]. The
probably most commonly used (allowable) compression force limit is the 3.4 kN action limit
proposed by NIOSH [169, 170]. However, this action limit has been criticized for having weak
scientific support [277, 278, 279], and other allowable compression force limits have been
proposed, e.g. 3930 N for men and 2689 N for women [206], or 2.3—6.0 kN for men and 1.8—
4.4 kN for women depending on their age [197, 280]. In addition to compression force, shear
and torsion forces also acts on e.g. the lumbar spine [254]. Recently, the action and
maximum permissible shear force limits of 500 N and 1000 N, respectively by McGill et al.
[281] were revised by Gallagher and Marras [282]. Instead, Gallagher and Marras [282]
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proposed a shear force limits for the lumbar intervertebral discs of 1000 N and 700 N
depending of the frequency of the exposures, i.e. <100 or 100-1000 loadings/day,
respectively. Maximum joint torques have been collected by different research groups, most
often based on single maximum voluntary isometric force exertions (e.g. [76, 209, 223]).
These data can be applied to determine maximum force capabilities for infrequent exertions
for specific population percentiles of a targeted worker population. However, these data are
usually not applicable to determine acceptable force levels for frequent exertions.
Additionally, the maximum voluntary force usually decreases as the velocity increases [283,
284, 285], and forces derived from isometric force exertions usually exceed those derived
from dynamic exertions such as isokinetic and isoinertial [283, 284, 285].

3.4.2 Design Criteria - Physiology

Design criteria using physiology as basis for design of MHOs often target whole body fatigue,
using aerobic work capacity, daily energy expenditure, or heart rate as measures. For eight
hours work, it is usually recommended that the workload should not exceed 30-35% or 30—
40% of the maximum aerobic work capacity (maximum oxygen uptake) [170, 286, 287, 288].
Mital et al. [206] suggested a slightly lower upper limit, i.e. 28—29% aerobic work capacity
(obtained by bicycle Ergometer) for eight-hour workdays, and 23—-24% for twelve-hour
workdays. Because the percentages of maximum aerobic work capacity at a fixed output
(workload) are affected by the size of the active muscle mass [289, 290], the aerobic capacity
for the specific task of interest should be targeted. This also includes taking into account
static or dynamic components of the task. For example, for manual handling that to a large
extent utilizes the muscles of the upper limbs and with a static component such as lifting
from table to shoulder height, 18.5% of the aerobic work capacity (derived from bicycle
Ergometer) was suggested as the upper limit for eight hours work [291, 292]. Therefore,
MHO models predicting the specific oxygen consumption, or predicting allowable workload
based on the task-dependent work capacity as presented in Table 1.6 should be used. For
RNLE, a limit of about 30% of the aerobic work capacity measured by treadmill was used for
8 hours lifting below knuckle height (i.e. <75 cm), and about 21% for lifting above knuckle
height (i.e. >75cm) [169, 287]. Additionally, recent findings indicate that high occupational
physical activity is significantly associated with increased probability of cardiovascular
disease among workers with low cardiorespiratory fitness [293].

3.4.3 Design Criteria - Psychophysics

Psychophysics [294] has been extensively employed to develop maximum ‘allowable’
workload levels for MHOs [295, 296]. Examples of such MHOs include; lifting [297, 298,
299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314]; lowering
[300, 301, 302, 303, 304, 305, 306, 315]; pushing [199, 300, 301, 302, 303, 304, 305, 306,
316, 317, 318]; pulling [199, 300, 301, 302, 303, 304, 305, 306]; carrying [300, 301, 302, 303,
304, 305, 306, 319, 320]; force exertions using primarily the upper body [223, 321, 322]; and
force exertions involving the wrist or fingers (e.g. wrist flexion, extension or deviation, finger
pinch, and press or pull exertions) [323, 324, 325, 326, 327, 328, 329, 330]. To determine the
maximum workload levels in these studies, the participants are usually instructed to adjust
the workload to the subjects’ own (perceived) maximum ‘acceptable’ workload level, i.e. a
workload level that can be sustained for a regular 8-hours workday without being ‘strained’,
excessive fatigued or over-exerted [295, 300], or experience unusual discomfort [323, 328].
In some studies workload levels for 7 hour [328] or less, e.g. 1 hour [320] are instead
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investigated. The instruction protocols resemblance to requirements by SWEA (see Section
1.2), i.e. preventing ‘unnecessary fatiguing’ workload and discomfort [16, 17]. Instead of
determining the maximum acceptable level, some studies have instructed the participants to
adjust the workload to maximum level that the subjects perceived to be ‘safe” (i.e. ‘without a
feeling of possible injury’ [297], p.6), or without increasing probability of LBP or muscular
overexertion [331]. This ‘maximum safe weight of lift’ (MSWL), was reported to be about 17%
lower than the ‘maximum acceptable weight of lift' (MAWL) [331].

When determining the maximum acceptable level, the participants usually control one task
parameter, usually the load weight in lifting and lowering operations (MAWL), and the force
level (resistance) (MAF) in pushing and pulling operations. In some studies, the participants
instead adjust the frequency [311, 332], which for one-hour lifting operations have resulted in
significantly increased workload levels compared adjusting the load weight [311]. The
psychophysical approach has been criticized for not being objective [295], and sensitive for
the instructions employed and the test settings (e.g. adjustment time and training), and for
producing load levels exceeding the physiological design criterion when employed at
operations of high frequency levels [295]. Additionally, it is not established to what extent it
can produce ‘safe’ load levels (i.e. not increasing the probability of MSDs or injuries) [295].
Strengths of the psychophysical approach, include e.g. enabling realistic simulations of
dynamic (complex) industrial tasks with high reproducibility [295], and that it takes into
account a broad range of dimensions, including e.g. psychosocial, biomechanical and
physiological dimensions. Several studies give support to that the psychophysical approach
employed to determine load levels in MHO incorporate both physiological and biomechanical
dimensions [333, 334, 335, 336]. However, these three approaches have been reported
rendering partly incompatible load levels [206, 337, 338, 3391, as illustrated in Figure 3.4. At
high frequencies (i.e. more than about 6 times/min [295]), the load levels derived using the
psychophysical approach may exceed the physiological design criterion. At low frequencies
however, the workload level derived using the physiological approach can result in load levels
exceeding both the psychophysical and biomechanical design criteria. Hence, it has therefore
been advocated to use the load level from the most conservative approach for each specific
case [49, 169, 338], as illustrated by the red line in Figure 3.4.

Physiology
------- Psychophysics
. = =Biomechanics

Maximum ‘allowable’ load

Frequency

Figure 3.4. Illustration of the different load levels at different frequencies derived from the three
approaches (adopted from Ayoub and Woldstad [338], and Mital et al. [206]).

This ‘composite approach’, i.e. of using the most conservative workload level from the
psychophysical, physiological, biomechanical, and to some extent the epidemiological
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approach, was employed in the development of 1981 NIOSH lifting equation [170], and the
(1991) revised NIOSH lifting equation (RNLE) [169]. Using the lifting index (i.e. the ration of
the handled load weight and the maximum allowable weight determined according to the
RNLE [169]), increased probability of LBP has been associated with a (composite or peak
composite) lifting index exceeding between 1—2 [25, 267, 268].

Some studies indicate that load levels derived using the psychophysical approach are poorly
related with biomechanical load at the lumbar spine [340, 341, 342, 343], instead indicating
that maximum acceptable load level (MALL) is instead more influenced by muscular strain
[340], or tactile sensations from the hands [341]. It is however, not clear to what extent the
biomechanical design criterion used adequately reflects ‘safe’ levels for the population
included in these studies, especially since spinal compression alone has been poorly related
with low-back disorder [344]. Conversely, Kuijer et al. [345] reported high correlations
between MAWL and lower-back extension moment (L5/S1) for free style, stoop and squat
lifting. Other recent studies also give support to the relationship of psychophysically derived
MALL and biomechanical load via the concept of ‘the weakest link’ [276, 335]. In similarity
with the ‘composite approach’ the ‘weakest link’ approach determine the capability for a
specific task via the limiting factor including components such as joint strength and balance.
For several MHO including pushing and pulling, the shoulder moment joint strength may be
the limiting factor [346], and upper limb strength when lifting to high vertical heights [347].

Data collected using the psychophysical approach has been compiled to different ‘lookup-
tables’ by e.g. Snook [348], Snook and Ciriello [240], Ayoub and Mital [216], and Mital et al.
[206]. Using these tables MALLs can be determined for lifting, lowering, pushing, pulling,
and carrying for a specified population percentile of (western) adult male and female manual
material handlers. The tables by Mital et al. [206] have employed the tables by Snook and
Ciriello [240] as a basis, and have adjusted the data from Snook and Ciriello [240] to
accommodate the physiological and biomechanical design criteria [206]. For pushing and
pulling, these tables can be employed to determine MAF at six travel distances, three handle
heights and at 3—5 frequencies. For lifting and lowering, these tables include eight
frequencies, three different box sizes, and four vertical heights. These psychophysically based
‘manual handling tables’ were reported to be used by about 34 or more of certified
ergonomists in the US [87] and Canada [193], but they were not considered to be applicable
for health and safety inspectors in the UK [349]. These tables were only used by about Y4 of
Portuguese health and safety practitioners among those who reported being familiar with the
manual handling tables (i.e. the Liberty Mutual Manual Handling Tables) [194].

3.5 Definition of observation-based risk assessment tools

In this thesis, the term observation-based risk assessment tool is used. Other terms have also
been used, e.g. method [68, 85], technique [87], or both [66]. According to Merriam Webster,
the term tool has several definitions, e.g. ‘a handheld device that aids in accomplishing a
task’, or ‘something (such as an instrument or apparatus) used in performing an operation or
necessary in the practice of a vocation or profession’ [350]. While method denotes a
‘procedure or process for attaining an object’ e.g. a ‘systematic procedure, technique, or mode
of inquiry employed by or proper to a particular discipline or art’ [351], and a technique is
defined as either: a ‘body of technical methods (as in a craft or in scientific research)’, or a
‘method of accomplishing a desired aim’ [352]. Hence, method can in the context of this
thesis be interpreted as the procedure or process applied when conducting risk assessment,
while tool denotes some types of artifact used within this process. Although, no definite clear
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cut boundaries exist in this context, the term tool is used in this thesis in resemblance with
the interpretation made by Ateg et al. [353]. Hence, in this thesis, OBRATS, checklists or a
force gauge are all examples of tools, while method denotes to the procedure in which a
specific OBRATSs (e.g. RAMP II) are applied. The term observation-based denotes, in this
thesis to the utilization of mainly direct or indirect observation (i.e. retrospective observation
of video-recordings or still photos). The term risk has different meanings and is sometimes
used to describe the probability of an undesirable event [354]. According to EN ISO
12100:2010 [355] risk is defined as the ‘combination of the probability of occurrence of harm
and the severity of that harm’, and risk assessment as the ‘overall process comprising a risk
analysis and a risk evaluation’ ([355], p.3). This definition implies a judgment whether the
risk reduction objectives have been obtained. In the thesis, the term risk assessment tools is
additionally used for tools that describe the exposure level without stating if the risk is
acceptable or not.

3.6 Usability

According to ISO 9241-11:1998 [356] and ISO 9241-210:2010 [357], usability is defined as the
‘extent to which a product can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use’ ([356], p.2). According
to this definition, the specific user population, their goals, and the context in which they
operate needs to be considered. Jordan [358, 359] proposed a hierarchy of the user needs
building on Maslow's theory on human motivation [360] (Figure 3.5). According to Jordan's
model, appropriate functionality of a product must first be achieved, and thereafter, the
product needs to be usable (e.g. easy to use). In addition, aspects related to product
pleasurability need to be fulfilled, or perhaps even hedonomics needs [361]. According to
ISO/IEC 25010:2011 [362] functionality comprises functional suitability, completeness,
correctness and functional appropriateness. Therefore, to judge functionality of OBRATS, an
understanding of the user needs is necessary.

1
Pleasure

{ T
 Target of Usability

i this thesis
r
Functionality

Figure 3.5. Hierarchy of user (consumer) needs (based on Jordan [358, 359], Hancock et al. [361] and
Hogberg [363].

Furthermore, according the Shackel [364], learnability, flexibility, effectiveness, and attitude
are important aspects related to usability. Shackel [364] proposed that evaluations of
usability should include subjective assessments (evaluations) of its ease of use and objective
performance measures regarding effectiveness of applying the tool. According to Nielsen
[365] (Figure 3.6), multiple components constitute usability: easy and quick to learn
(Learnability), efficient to use i.e. high productivity (Efficiency), easy to remember, i.e. low
need for re-learning (Memorability), low error rate and low consequence of error, i.e. low
risk (Errors), and it should be pleasant to use, i.e. the user should be satisfied (Satisfaction).
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Figure 3.6. Model of attributes of system acceptability (adapted from Nielsen [365]).

3.7 Design Research Methodology

According to Blessing and Chakrabarti [366], the main objectives of design research are to
formulate and validate theories and models of design, and based on these theories and
models, develop and validate knowledge, tools, and methods to increase the probability of
producing ‘successful’ products (i.e. products fulfilling their goals). Blessing and Chakrabarti
[366] introduced a framework (Figure 3.7) to support the design research process. The design
research process is iterative and the stages covered by the research study or project can differ,
as wells as the depth in each single stage. In the ‘Research Clarification’-stage, the overall
goal of the project is formulated and the existing knowledge of the issue of interest is
explored. Using this information, initial evaluation criteria can be formulated. In the
‘Descriptive Study I’-stage, empirical data are collected and more specific criteria to measure
the goals of the project can be formulated. Using this base, different scenarios can be tested
in the ‘Prescriptive Study’-stage. In the fourth stage ‘Descriptive Study II’, the results can be
evaluated according to the developed evaluation criteria, as well as the results applicability.
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Figure 3.7. The Design Research Methodology framework (re-drawn and adapted from Blessing and
Chakrabarti [366]).
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4. Methods

In agreement with the Design Research Methodology framework by Blessing and Chakrabarti
[366], the goal of the research project was specified (see Section 1.7.4). A literature search
was performed to identify recently developed assessment tools (see Paper C). To gain a better
understanding of the users’ needs existing studies on this issue were explored (see Section
1.7.1 and 1.7.2). Furthermore, workshops with potential end users were performed (see
Section 4.2.2), and a survey was conducted exploring the use and important usability-related
aspects of existing assessment tools among professional ergonomists employed in Sweden
(see Section 4.1.1). In Phase 2 and 3 (see Paper B and D) prototype versions of RAMP I and
RAMP II were developed, and an additional literature search was performed on task
parameters related to lifting/lowering and pushing/pulling (see Paper C and D, and Table
4.3). In Phase 4 (i.e. the ‘Descriptive Study II’-stage [366]), the RAMP I and RAMP II tools
were evaluated concerning their reliability (see Section 4.2.4) and usability (see Section

4.2.5).

The six main methods used in the thesis and in which paper they are employed are shown in
Table 4.1.

Table 4.1. Methods used in each paper.

Web-based  Litterature Expert Reliability Usability
questionnaire search Workshops  judgements evaluation evaluation

Paper B Paper B Paper B Paper B

Paper C Paper B Paper C

Paper A Paper C Paper C
Paper D Paper D Paper D Paper D Paper D
P Paper E P Paper E
4.1 Survey

4.1.1 Web-based questionnaire

In Paper A, a web-based questionnaire was employed to explore the use and preferred
qualities of OBRATs among professional ergonomists. The survey targeted OHSs-employed
ergonomists in Sweden who were registered physiotherapists (RPT), and who performed risk
assessment of physical load at least once per year (i.e. inclusion criteria). The questionnaire
included background information of the study subjects, their use of different OBRATS, their
reasons for using different OBRATS, and questions on usability aspects affecting their use.
Seventeen OBRATS were included in the questionnaire (Table 4.2). They were retrieved from
an earlier survey by Dempsey et al. [239], a literature review by Takala et al. [85], three
studies on tools use among Swedish ergonomists [241, 242, 243] and by the research group.

Prior the distribution of the questionnaire to the study population, a paper-based version of
the questionnaire was piloted on a group of students (with backgrounds as RPTs or
occupational therapists) enrolled at Masters level program at Karolinska Institutet, of whom;
several were employed as OHSs ergonomists [88]. After slight revision, the questionnaire
was converted into a web-based questionnaire (see Mattes and Ternblad [367] for a paper-
based version of the questionnaire). The web-based questionnaire was thereafter distributed
by the Ergonomic Section within the Swedish Association of Physiotherapists, via their
periodical e-newsletter, which was distributed to their members (n = 598) by email. Only
those members that opened the newsletter (n = 251) received information about the survey.
To reach the questionnaire, the respondents were referred to an external website which
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contained information about the survey and contact information in case of questions. The
questionnaire was open during four weeks in early spring 2012. Two reminders were sent, the
first by e-mail after one week and the second after another two weeks via the Ergonomic
Sections Facebook page. Of the 251 members that open the e-newsletter, 107 (43%) answered
the web-based questionnaire. Of these 107 respondents, 37 (35%) were excluded due to not
fulfilling the inclusion criteria, resulting in a study population of 70 ergonomists.

Table 4.2. The 17 OBRATS included, and the primarily source they were retrieved from. Source A)
Dempsey et al., 2005 [239]; B) Sturesson, 2006 [242]; C) Andersson et al., 2006 [241]; D) Laring et
al., 2007 [243]; E) Takala et al. 2010 [85]; F) additional OBRATS included by the research group.

OBRATS A B C D E F
‘SWEA-AFS’[16, 184] X

ALBA [368] X

ACGIH HAL [128] x* X
KIM 1 (‘KIM I) [156, 157] X
KIM 2 (‘KIM IT’) [156, 158] X
LUBA [160]

MAC [161]

NIOSH-LE [169, 170] X X
OCRA [171]

OWAS [173] X

PLIBEL [174] X
QEC [175] X
REBA [176] X

RULA [181]
Strain Index (‘ST") [183] X

VIDAR [187] X X
WEST [188] X X

Note: * reported as ‘hand activity limit’

»
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4.2 Development and evaluation of RAMP I and RAMP I1

An iterative development process was applied for the development of RAMP I and RAMP 11
(Paper B—D). In resemblance with the DRM framework [366], in the first phase, the goals for
RAMP I, and RAMP II were defined based on an analysis of the user needs (Paper B and D,
and Rose et al. [244]). Thereafter, existing assessment tools from e.g. earlier literature
reviews [66, 68, 85] were scrutinized. A literature search on WMSD risk factors and factors
affecting the capacity in manual handling was conducted (see Section 4.2.1). Thereafter,
several prototype versions were developed and evaluated iteratively. In the final Phase, the
developed tools (i.e. RAMP I and RAMP II) were evaluated.

4.2.1 Literature search

A combination of strategies was employed to derive the literature basis for RAMP I and
RAMP II (Paper B—D). To derive literature on epidemiological risk factors, a search for recent
systematic literature reviews were performed in Scopus (Paper B and D). The literature
search was restricted to peer-reviewed articles of literature reviews written in English
published 1997-2012. To include literature published before 1997, earlier literature reviews
by Kuorinka and Forcier [259], Bongers et al. [369, 370], Bernard [20], Sluiter et al. [21], and
the U.S. National Research Council [18] were scrutinized. Studies targeting mainly non-
occupational activities, workplace interventions, and performance measures were excluded,
as wells as occupational groups with exposures differing from exposures related to industrial
manual handling such as musicians, athletes or pilots. In the next step, original studies which

30



presented work-related exposures quantitatively (e.g. >10 kg), rather than qualitatively (e.g.
‘heavy lifting’) were targeted for inclusion in the literature basis. The reference lists of the
retrieved studies were scanned for additional studies using a ‘snowball’ approach [371]. To
identify additional studies (also including other research approaches including
psychophysics, biomechanics, and physiology), the reference lists of recently developed
assessment tools including Keyserling et al.’s checklists [150, 151], RNLE [169], Strain Index
[183], RULA [181], REBA [176], LUBA [160], OCRA [171, 372], MAC [161], QEC [175], the
ART tool [130], RAPP [349] were scrutinized as wells as textbooks on manual handling and
work postures [206, 216, 373, 374]. An additional literature search was performed, searching
for recent published risk assessment tools (Paper C). To derive the literature basis for the
assessment items for lifting/lowering (Paper D) and pushing/pulling (Paper C) in RAMP II
additional searches were performed in Scopus targeting peer-reviewed literature written in
English regarding task parameter for lifting and pushing/pulling (Search I-IV in Table 4.3).

Table 4.3. Search terms (I, III, IV) used for the push/pull tool and search terms (I, II) used for the
lifting model in RAMP II.

Search First order Second order

I maximum acceptable load, force, torque , effort

II hand coupling, asymmetry, team handling, lift*, lower*, acceptable, capacity,
floor friction, one-handed*, temperature, heat, strength, MAW, or MAWL
or height

III hand coupling, asymmetry, team handling, push*, pull*, acceptable, capacity,
handle height, floor friction, or one-handed* strength, MAW, or MAF

vt temperature, heat, push*, pull*, acceptable, capacity,

strength, MAW, or MAF

Note: 'The search terms ‘temperature’ and ‘heat’ did not render any additional studies.

4.2.2 Workshops
In concordance with Perez and Neumann [375], workshops containing semi-structured focus

group sessions were used to gain an understanding of the strength and weaknesses of the
tools that were currently used, as well as preferred attributes of new tools [244]. During the
development of RAMP I and RAMP II (Paper B—E), similar workshops were conducted, in
which the participants tested prototype version of the tools. Their strength and weaknesses
were discussed, as well as suggestions for improvements. The reasons for using this
qualitative research approach were that this approach enabled exploring these issues of
interest in detail, as well as enabling interaction with the participants.

4.2.3 Expert judgments

For the development of the assessment criteria in RAMP I and RAMP II (including the
push/pull tool) (Paper B—D), expert judgments were employed, using the derived literature
as basis, in congruence with development of several other assessment tools (e.g. Stentson et
al.’s Hand Exertion Classification System [182], RNLE [169] and HARM [152]). While some
assessment tools or models e.g. LUBA [160], the Snook and Ciriello tables[240], the ‘Arm
Force Field’ method [223], and Dempsey et al.’s oxygen consumption prediction model [219]
are based on data collected from a specific population using a single methodological
approach e.g. psychophysics or physiology, RAMP I and RAMP II are in congruence with e.g.
RNLE based on results derived from different methodological approach, making it in this
case, a necessity to apply expert judgments. The reasons for using expert judgments were due
to the divergent research approaches, measures of exposure and outcomes used in the
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identified literature which had to be combined, as well as the scarce available data in many
areas, ruling out the possibility of a meta-analysis without excluding a large part of the
relevant literature.

4.2.4 Reliability evaluations

To evaluate the inter-rater reliability of RAMP I (Paper B) and of RAMP II (Paper D), two
groups both including professional ergonomists and production engineers were recruited.
After receiving training, the participants evaluated 6 videotaped jobs. Proportion of
agreement among the assessors (po) [376] and linearly weighted kappa (xw) were employed
as measures of inter-rater reliability. As indication of acceptable inter-rater reliability, the
criterion used by Palm et al. [131] i.e. a proportional agreement of >0.7 and a kappa of >0.40,
was used. This criterion for kappa (i.e. a kappa of >0.40), is close to the criterion for
moderate agreement (kappa >0.41) as proposed by Landis and Koch [377].

4.2.5 Usability evaluation

Paper-based questionnaires, which is one of the recommended methods for evaluation of an
existing product or system [378], were employed to evaluate usability-related aspects of
RAMP I (Paper B), the push/pull tool in RAMP II (Paper C), and RAMP II (Paper D). The
evaluation of RAMP I (Paper B and E) and RAMP II (Paper D and E) included ratings made
by twenty OHS practitioners. The evaluation of the push/pull tool in RAMP II (Paper C)
included ratings made by twenty-two ergonomists/physiotherapists. Before the participants
responded to the questionnaires, they received training in both RAMP I and RAMP II
including assessment of video recordings of manual handling tasks (Paper B—E). To evaluate
the ease of use of the assessment items of RAMP I (Paper B) and the push/pull tool in RAMP
I1, a five-level categorical rating scale was applied with the anchor points ‘easy’ and ‘difficult’.
To evaluate usability aspects of each tool (i.e. RAMP I and RAMP II) as wells as the
participants general view on its usability as an assessment tool, a set of statements were used
and the participants were asked to rate to what extent they agreed or disagreed with the
statements regarding RAMP I (Paper B and E), and RAMP II (Paper D and E) using a five-
level categorical rating scale with the anchor points ‘fully agree’ and ‘“fully disagree™.

4.3 Ethical considerations

No sensitive data on individuals was collected, and due to the character of the data collected
[379, 380, 381], it was judged that external ethical approval was not needed. However, care
was applied to comply with ethical principles according to the Swedish Research Council
[382]. This included gaining informed consent of each participants, that the participants
were informed of the purpose of the data collection, that participations was voluntary, that
the participants could abort the participation at any time without need of stating any reasons,
only utilizing data for research purpose, secure handling and storage of potentially sensitive
data. Additionally, no data from the survey or from the evaluations are presented so that they
can be traced back to answers made by any specific individual.

iNote: The questionnaire employed has, in the articles, been translated from Swedish to English. In
Paper E, the anchor point ‘hdller inte med alls’ is translated as ‘totally disagree’ while it was
translated as ‘fully disagree’ in Paper B and D.
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5. Main results

5.1 Paper A: Ergonomics Risk Assessment: The Processes and use of
observation-based tools

Paper A present the results of the survey exploring the use of OBRATs and important
usability-related aspects of OBRATSs among professional ergonomists in Sweden.

5.1.1 Use of OBRATSs among professional ergonomists in Sweden

Regarding the use of OBRATs among professional ergonomists in Sweden, the findings from
Paper A, showed that all of the eligible respondents had used ‘SWEA-AFS’, while KIM 1, and
KIM 2 were used by 1/3, and 1/4, respectively. The percentages among the respondents that
had used several widely spread OBRATS, such as the NIOSH-LE, RULA, REBA and OWAS
was low, i.e. they was used by 16, 16, 12, and 3%, respectively. For example, the percentages
that had used the NIOSH-LE (i.e. 16%), was substantially lower than reported among
certified ergonomists in the US and Canadian (i.e. >80%) [75, 76], and among Spanish
speaking ergonomics-practitioners (i.e. about 60%) [77]. Furthermore, about 1/4 of the
respondents used only one OBRAT, while 6/10 used three OBRATS or more.

5.1.2 Usability-related aspects of OBRATSs

According to the survey presented in Paper A, lack of knowledge or training was the most
commonly reported reason for not using an OBRAT, indicating the importance of sufficient
training to increase the use of OBRATs among this population. However, several OBRATS
were not used despite that the ergonomists had experience of them. Important usability-
related aspects among those OBRATSs with the highest proportion of users included, it being
‘easy to use’ and ‘easy to communicate to the client’. These aspects were stated by >1/2 of the
respondents as main aspects for using ‘SWEA-AFS’, KIM 1, KIM 2, and QEC. It being quick to
use was stated as a main aspect by about half of the users of ‘SWEA-AFS’, KIM 1, KIM 2 and
QEC. When the respondents were asked to rate the importance of 15 usability-related
aspects, ability communicating the results and facilitating improvement measures, being easy
and quick to use and scientifically based, and having a clear client benefit were the usability-
related aspects with the largest proportion of respondents rating as important (‘important’ or
‘very important’, i.e. a score >4) for them being used.
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5.2 Paper B: Development and evaluation of RAMP I. A practitioner tool
for screening for musculoskeletal disorder risks in manual handling

Paper B presents the screening tool RAMP I, and its development which includes the
scientific basis of the assessment items in the tool. In addition, the paper presents the results
of an evaluation of its reliability, and an evaluation of its usability.

5.2.1 RAMP1

The screening tool RAMP I is mainly based on direct or in-direct observation of the work
being assessed, but additionally utilizes direct measurements (e.g. of load weights and push
forces) and self reports (e.g. perceived workload and discomfort). RAMP I constitutes of
dichotomous questions (assessment items) grouped in seven main categories:

Postures

Work movements and repetitive work
Lifting

Pushing and pulling

Influencing factors

Reports on physically strenuous work
Perceived physical discomfort

N oo pH M E

In the first category duration and frequency of non-neutral work postures of the upper and
lower body can be assessed. In the second category, the proportion and duration of repetitive
movements can be assessed. Category 4 and 5, include load weight and push/pull force for
assessing MHO, as well as several task parameters such as e.g. frequency, and single-hand
exertions. Category 5 includes both physical factors such as e.g. whole-body and hand-arm
vibration, and organizational/psychosocial aspects such as e.g. decision latitude. In category
6, reports on physically strenuous tasks (i.e. workload) is targeted, and the perceived physical
discomfort in category 7. The results of a screening is communicated via a three level color-
code scale shown in Figure 5.1, representing the risk and priority level (RPL).

High risk. The loading situation has such a magnitude and characteristics that many employees
are at an increased risk of developing musculoskeletal disorders. Improvement measures should
be given high priority.

Investigate further. An in more in depth analysis is required to assess the risk level. A refined
analysis can be carried out for example with the RAMP Il module.

Low risk. The loading situation has such a magnitude and characteristics that most employees are
at a low risk of developing musculoskeletal disorders. However, individuals with reduced
physical capacity may be at risk. Individually tailored improvement measures may be needed.

Figure 5.1. The three level color-code scale for communication of risk and priority level used in RAMP I
(adapted from Paper B and E).

A hypothetical screening of a manual pushing or pulling operation is used to illustrate how
the assessment items relate to the color-code scale (Figure 5.2). In terms of screening of e.g.
manual pushing and pulling, multiple aggravating or influencing factors (task parameters)
are targeted in RAMP I, such as e.g. force, travel distance, one or two handed exertion. The
basis for the assessment items is presented in Paper B. These task parameters are assessed
independently in RAMP I. In this example, the continuous force exceeds the criterion of 200
N, resulting in a high RPL. A duration of >100 times/workday, and a travel distance >30
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meters both exceeds the criteria presented in Paper B, and thereby warrant further
investigations.

4. Pushing and pulling work Yes | No
4.1 Does pushing and pulling work occur? If "No", go to 5. X
4.2 How large is the exerted force in the pushing or pulling work? RPL
the starting force (the force to start the object moving) exceeds 150 Newton X [~—
the starting force (the force to start the object moving) exceeds 300 Newton X |——
the continuous force (the force to keep the object moving) exceeds 100 Newton X —_—
the continuous force (the force to keep the object moving) exceeds 200 Newton X —_—
4.3 Does the pushing and pulling work generally occur in any of the following unfavourable conditions?
the gripping height clearly deviates from elbow height X | s
the work is carried out with the back/upper body clearly twisted X | e—
the force is exerted towards the side or upwards (i.e. not straight forwards or backwards) X | s
the force is exerted with one hand X | s
the pushing or pulling is carried out often (approx. more than 100 times per work day) X —
the pushing or pulling distance exceeds 30 meters X —
4.4 Are load carriers with 1-2 wheels (e.g. two-wheel cart) or similar used, under the following condition?
the employee bares the whole or part of the load, and the load weight exceeds 100 kg | | X —| |

Figure 5.2. Illustration of screening of manual pushing/pulling operations using RAMP 1.

5.2.2 Reliability of RAMP 1

In terms of inter-rater reliability of RAMP I, the evaluation presented in Paper B indicate that
the majority of the 64 assessment items (67% or the ergonomists and 56% for the engineers)
tested in RAMP I can be assessed with acceptable reliability after about 1 hour of training. In
agreement with the inter-rater reliability evaluation of RAMP II (Paper D), assessment of
upper arm posture (location of the hands in space) did not reach acceptable reliability
according to the criteria. The evaluation in Paper B also indicates that it is difficult to achieve
high inter-rater agreement of assessment of repetitive movements, including repetitive work
and cycle time, and additionally assessments of wrist posture, and among the engineers’
assessments of neck posture (flexion/rotation).

5.2.3 Usability of RAMP I

The main finding from the usability evaluation of RAMP I presented in Paper B (and partly in
Paper E) gives support to that RAMP I is usable for OHS practitioners. The finding is
supported by the results from the questionnaire, showing that for six of the seven (risk)
categories in RAMP I, >80% of the respondents perceived the assessment as being ‘easy’ or
fairly easy’. Additionally, >85% of the respondents agreed fully or partly, that RAMP 1 is
usable as decision base and has clear results. A majority (74%) also reported that the time
needed for performing an assessment using RAMP I is acceptable. These three aspects were
similar to those identified as important in Paper A, i.e. easy to interpret the results, provides
a good basis for intervention proposals, and quick to use. Furthermore, all respondents
agreed (fully or partly), that RAMP I is usable for assessing risks.
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5.3 Paper C: Pushing and pulling: an assessment tool for occupational
health and safety practitioners

Paper C presents a tool for assessing manual pushing and pulling operations that is part of
the assessment tool RAMP II. The paper presents the development of the tool and the
reserach basis of the tool. Furthermore, the results of the tool are compared against the
manual handling tables by Mital et al. [206], female static shoulder moment strength
according to 3DSSPP, and back loads obtained from force exertions obtained in a laboratory
setting by Knapik and Marras [383]. Lastly, the paper presents the results of an evaluation of
its usability (ease of use).

5.3.1 The push/pull tool

The push/pull tool facilitate assessments of manual pushing and pulling, using the force as
an exposure parameter. The tool contains an eight-multiplier equation (presented below) and
two tables for establishing the multiplier for the combination of frequency and force (and
distances) for initial (Figure 5.3) and sustained force.

Mfreq—force X Mone—hand X Msideways X Mheight X Mtwist X Mgrip X Mheat X Msurface X Mteam
(Equation presented in Paper C)

Timer/day <1 2-16 17-96 | 97—240 |241—480 |481-1920
Times/hour <2 2.1-12 13—30 31-60 | 61—240
501-600 N 8.5 10 10.5 14 14.5 24
451-500 N 7.5 9 9.5 12.5 13 22
401-450 N 6.5 8 8.5 11 11.5 20
351-400 N 6 7 7.5 9.5 10 18
301-350 N 5 6 6.5 8 8.5 16
251-300 N 4 5 5 5 7 14
201-250 N 3 4 4 4 5 12
151-200 N 2.5 2.5 3 3 4 5
101-150 N 2 2 2.5 2.5 3 4
51-100 N 1.5 1.5 2 2 2.5 2.5

Figure 5.3. Frequency—force table for establishing the multiplier for the initial pushing or puling
operations.

Each equation multiplier represents a task parameter (e.g. one-handed exertions or team
handling) which influences the capacity in manual force exertions. The literature basis for
deriving at the multipliers for the task parameter presented in Paper C considers
biomechanical, physiological and psychophysical design criteria. For most task parameters
however, psychophysically derived data from experiments using maximum acceptable force
or load, or maximum voluntary isometric strength was the main literature source. The
equation results in a score which correspond to an assigned RPL.

5.3.2 Usability of the push/pull tool

The results from the usability evaluation of the push/pull tool presented in Paper C, support
the usability of the tool with regards to ease of use. This finding is supported by the results
from the questionnaire, were a majority (i.e. >2/3) of the respondents reported it to be easy
or fairly easy to make assessment using the push/pull tool.
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5.4 Paper D: Development and evaluation of RAMP II - a practitioner’s
tool for assessing musculoskeletal disorder risk factors in industrial
manual handling

Paper D presents the assessment tool RAMP II, and its development which includes the
scientific basis for the assessment items in the tool. In addition, the paper presents the
results of an evaluation of its reliability, and an evaluation of its usability.

5.4.1 RAMP I1

The assessment tool RAMP II is, in concordance with RAMP I, mainly based on direct or in-
direct observation of the work being assessed, but additionally utilizes direct measurements
(e.g. of load weights and push forces) and self reports (e.g. perceived workload ad
discomfort). In congruence with RAMP 1, it constitutes of the same seven main categories:
1.Postures, 2.Work movements and repetitive work, 3.Lifting, 4.Pushing and pulling,
5.Influencing factors, 6.Reports on physically strenuous work, and 7.Perceived physical
discomfort. However, RAMP II was developed to enable a more in-depth assessment,
compared to RAMP I, as illustrated in Figure 5.4. For example, screening of adverse neck
posture using RAMP I includes the duration of the exposure (i.e. more or less than about 1
hour per workday) and, in accordance with David et al. [175], a qualitatively defined
magnitude of the posture (i.e. a ‘clearly’ bent or twist neck/head). The assessment items of
adverse neck postures in RAMP II, are however based on a quantitatively defined angles in
combination with a seven-categories time scale.

Screening 1.2 Does work occur in any of the following unfavourable postures about 1 hour per work day

(RAMP I) or more? Yes | No

head clearly twisted or bent - forwards or towards a side e

1. Postures Score:

1.1 Posture of the head - forwards and to the side 4 hours or more

Does a clear bending of the head forwards or to the side, or twisting to 3 to <4 hours
‘In dept‘ the side occur, as shown in the figures, or more? 2 to < 3 hours

assessment o 302 “[ito < 2 hours
(RAMP 1) — \ 30 minutes to < 1 hour
LI
” L 5 to < 30 minutes
<5 minutes

Figure 5.4. Screening of neck posture using RAMP I, and assessment using RAMP II (adopted from
Paper D).

To classify the exposure of time in non-neutral postures of the neck, trunk, upper arms, and
the lower extremities, a seven-categories time scale showed in Figure 15 is used (and a five-
categories scale for neck extension) in RAMP II. As illustrated in Figure 5.5, for assessment
items 1.1. the observer assesses if the time in non-neutral posture (i.e. a forward neck
flexion/inclination or axial rotation of >30°, or lateral flexion/inclination >10°) occurs for a
duration of more or equal to 5, 30, 60, 120, 180 or 240 minutes. In addition to the score
system, the results of an assessment is communicated via a three level color-code scale shown
in Figure 5.6.
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1.1 Posture of the head - forwards and to the side

30° 0° 10° lll“ 10°

| 1.2 Posture of the head
| - backwards

4 hours or more
3 to <4 hours

00
| -10°
2 to < 3 hours SR aN
1to < 2 hours 2
30 minutes to < 1 hour 1 /

5 to < 30 minutes 0.5 1.5
< 5 minutes 0 0

Figure 5.5. The seven-categories time scale used in Category in RAMP II for assessment of time in
adverse postures.

The scientific literature basis for the assessment criteria in RAMP II is presented in Paper C,
and D and includes studies using an epidemiological, biomechanical, physiological and
psychophysical methodology. For example, the basis for the assessment criteria for
assessment items 1.1 and 1.2 (‘Posture of the head’, Figure 5.5) in RAMP II, includes studies
and overviews with results obtained by all of these four methodologies [33, 133, 160, 384,
385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402,
403, 404, 405, 406].

High risk. The loading situation has such a magnitude and characteristics that many employees
are at an increased risk of developing musculoskeletal disorders. Improvement measures should
be given high priority.

Risk. The loading situation has such a magnitude and characteristics that certain employees are at
an increased risk of developing musculoskeletal disorders. Improvement measures should be
taken.

Low risk. The loading situation has such a magnitude and characteristics that most employees are
at a low risk of developing musculoskeletal disorders. However, individuals with reduced
physical capacity may be at risk. Individually tailored improvement measures may be needed.

Figure 5.6. The three level color-code scale for communication of the RPL used in RAMP II (adapted
from Paper D and Paper E).

5.4.2 Reliability of RAMP II

In terms of inter-rater reliability of RAMP II, the evaluation presented in Paper D indicates
that the majority (i.e. 73%) of the assessment items in RAMP II can be assessed with
acceptable reliability (i.e. a po >0.7 and xw >0.40). For some assessment items, however, the
proportional agreement among the assessors were low, i.e. assessment of upper arm posture,
movements of the arm/wrist, long recovery, and influence of work had a proportional
agreement <o0.7. Although assessment of severe back posture, and grip did not reach
acceptable level of kappa according to the criteria used by Palm et al. [131], they had both a
relatively high proportional agreement of about 90%.
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5.4.3 Usability of RAMP I1

The main finding from the usability evaluation of RAMP II presented in Paper D (and partly
in Paper E) gives support to that RAMP II is usable for OHS practitioners. The finding is
supported by the results from the questionnaire-based survey were >84% agreed fully or
partly, that RAMP II is usable as decision base and has clear result. In addition, 2/3 also
agreed fully or partly, that the time needed for risk assessment using RAMP 11 is acceptable.
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5.5 Paper E: Shifting to proactive risk management: Risk communication
using the RAMP tool

Paper E presents how the results from assessments performed using RAMP II and RAMP I
can be communicated using their three-level color code scale. The development of this risk
communication system is presented, and assessment performed in the industry is presented
to display how it can be used for communicating risks. Lastly, the paper presents an
evaluation of the usability to communicate risk for RAMP II and RAMP I (see results for
Paper B and Paper D). Paper E presents the three-level color code scales for RAMP I, and
RAMP II which was designed to facilitate communication of risk and to facilitate decision and
prioritization when implementing risk reducing measures (Figure 5.3 and 5.6). The paper
illustrates the concept for how RAMP I and RAMP II can be used to identify hazards at
different levels of detail. This is illustrated using assessments performed using RAMP II, by a
company within the manufacturing industry in Sweden. As shown in Figure 5.7, the results
can be viewed bottom-up or top-down, i.e. at the level of each assessment items (upper left)
or for a single work station (bottom left), to an overview of several departments (bottom
right) or at company level (upper right). The visualization presented in Paper E, illustrates
how the status of potential hazards can be monitored at department or organizational level.
To implement risk reducing measures, more detail information for each assessment items
can be analyzed at the level of single or multiple workstations.

]
| 1.1 Posture of the head - he s
| Does a dlear bending of the head forwards or to the side, or twisting to

Country

Site

Department

Number of red - Highr

Number of yellow

Department

Workstation

1. Postures

1 Posture of the head - forwards and to the side

1.2 Posture of the head -

1.3 Back posture - moderate bending

1.4 Back posture - bending and twisting

1.5 Upper arm posture - hand infabove shoulder height*

1.6 Upper arm posture - hand in/outside outer work area*

1.7 Wrist posture®

1.8 Leg and foot space and surface

o

2. Work and ive work

2.1 of the arm*

2.2 Movements of the wrist*

2.3 Type of grip*

2.4 Shorter recovery/variation

2.5 Longer recovery/variation

olelele|le

3. Lifting

3.1 Lifting (average case)

3.1 Lifting (worst case)

olo

4. Pushing and pulling

4.1 Pushing and pulling (average case)

4.2 Pushing and pulling_(worst case)

ole

5. Influencing factors

5.1 ing physical factors hand/arm

a+b. Hand-arm vibrations

d_Hand used as impact tool
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Figure 5.7. Visualization on how assessment using RAMP II can be presented at different levels of

detail and scope (adapted from Paper E).
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6. Discussion

This thesis aimed to increase knowledge on the use of OBRATs and important usability-
related aspects among OHSs ergonomists in Sweden. Furthermore, this thesis aimed to
present RAMP I and RAMP II, their development and scientific basis, and evaluating their
reliability and usability.

6.1 Use and usability-related aspects of OBRATS

The finding in Paper A, that a majority (here: all) of the ergonomists included in the study
population used the provision ‘SWEA-AFS’ issued by the SWEA, was expected and is in
agreement with results by Nordlander [241]. Buckle and Li [237] reported that being seen as
a standard tool backed by regulatory bodies was considered important among experts. This
aspect has also been identified as important among professional OHSs ergonomists in
Sweden [88], and was occasionally used to facilitate action being taken by the decision
makers. This issue was, however, not addressed in the web-based survey in Paper A, but the
fact the two other OBRATSs with the largest proportion of users, i.e. KIM 1 and KIM 2, were
also promoted by SWEA (i.e. SWEA issued Swedish version of the tools) [157, 158], seems to
strengthen the importance of being backed by the national regulatory body. Furthermore, the
findings in Paper A indicate a low proportional use of several internationally spread OBRATS
including the NIOSH-LE, RULA, REBA and OWAS, as well as most of the other OBRATs
included in this survey. Given that neither of ‘SWEA-AFS’, KIM 1, and KIM 2 accommodate
in-depth assessments of e.g. MHO, higher use of tools that provide in-depth assessments may
be desirable for those actors having the position as OHS experts. Consequently, this may
result in assessments largely based on subjective judgments, and as indicated by Eliasson et
al. [89], result in assessments with low intra- and inter-reliability, and hence low validity.
The use of the NIOSH-LE, which has strong connections with both European and global
ergonomics standards [407, 408], was substantially lower among the ergonomists in the
survey than among certified ergonomists in the US [87], Canada [193], and among Spanish
speaking ergonomics practitioners [238]. The reason for this difference cannot, however, be
answered due to the study design employed in Paper A. Lack of knowledge (or training) was
the most commonly reported reason for not using an OBRAT. However, training seems to not
solely increase the use as displayed in Figure 6.1. Despite that ergonomists reported being
familiar with some OBRATS (i.e. not being unfamiliar), many of them were still not used. For
example, only about 30% of those who were familiar with NISOH-LE, RULA, and REBA had
used these OBRATs and only 9% for OWAS. This may indicate the importance of other
factors contributing to the use of OBRATS.
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Figure 6.1. Proportion of the tools being used of those the respondents were familiar with (i.e. not
unfamiliar with). Based on data reported in Paper A.
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The results from Paper A, indicate that several aspects related to usability and performance
need to be considered. As indicated by Whysall et al. [409], Wells et al. [64], and Eliasson
[88], the type of ‘methods’ used is context dependent. For example, observation without
specific OBRATSs was reported as often used in the initial phase. The use of an OBRAT or
other types of ‘in-depth’ assessment tools, was, on the other hand, reported to be used to gain
a deeper understanding of the issue of concern [64], or for promoting (‘convincing’) the
stakeholders taking actions [64, 88]. The latter aspect seems to be closely related to usability
aspects concerning communication of the results of the assessment.

Being easy and quick to apply and aspects related to communication or visualization of the
results were identified as important aspects among both the OBRATs with the largest
proportion of users and when the ergonomists rated the importance of usability-related
aspects. An OBRAT being scientifically based, and its ability to support improvement
measures (i.e. providing a good basis for intervention proposals) were, additionally, rated as
important by a large proportion of the respondents. The importance of an OBRAT being
quick to use is in agreement with others [237, 244], as well as its ability to support
improvement measures [238]. A larger proportion of the respondents in Paper A rated it
being ‘easy to use’ as very important compared to ‘quick to use’, i.e. 55% and 39%,
respectively. Rose et al. [244] also reported that ‘easy to use’ was rated higher compared to
being ‘quick to use’. Furthermore, Buckle and Li [237] identified that the tool should limit
requirements of paperwork and have check boxes. As reported by Eliasson [88] and Wells et
al. [64], OBRATS can also be used as a basis for the report to the commissioner. Some of the
tools developed and used in the manufacturing industry (e.g. SES [233] and BUMS [410]),
include standardized report sheets, thereby reducing the additional resources of writing an
additional report (personnel communication Lena Nord-Nilsson, Scania CV AB, March
2017). These results suggest that a broad range of usability related aspects than merely ease
of use and time of the application need to be considered when evaluating or developing
OBRATS for OHS practitioners.

6.2 Development of RAMP I and RAMP 11

To be applicable for assessments of a broad range of exposures/MSDs risk factors related to
MHO, the extent to which the most important factors are addressed relates to basic
components of the tools functionality. As showed in Tables 1.4a—1.4c, assessment tools are
often developed to target specific type of work or MHOs, e.g. lifting, pushing/pulling,
repetitive movements of the upper limbs, or work postures. As shown in Table 6.1, RAMP I
and RAMP 1II include a broad range of factors such as heavy lifting/lowering and
pushing/pulling; postures of the upper and lower limbs and trunk; hand-arm and whole-
body vibrations; recovery time; ambient temperature and draught; psychosocial factors and
discomfort reports. Additionally factors include e.g. hand tool use, surface (floor), visual
conditions, prolonged standing and sitting, and reports of physical strenuous work. This
implies that a broad range of exposures/MSDs risk factors related to manual handling can be
targeted using both RAMP I and RAMP II. The tools were developed to support a two-stage
process where RAMP 1 facilitates OHS practitioners in screening of a hazards in manual
handlings jobs or work tasks. For those jobs or work tasks identified as potentially hazardous,
a more in-depth assessment can be performed using RAMP II. This two-stage process is
considered suitable for workplace assessment concerning WMSDs [411].

As shown in Table 6.1, postures are mainly assessed based on magnitude and duration in
RAMP II, while RAMP I also includes frequency (with the exception of the wrist). The main
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reason for this difference was the scarcely identified data on frequency for postures of the
trunk and neck to derive RPLs in RAMP II. The main principle for RAMP I was to quickly
identify potential risk factors with a high level of sensitivity (which was superordinate to high
specificity) and without the need of detailed assessment contributing task parameters.
Therefore, the basis for the assessment criteria regarding frequency of postures included a
cutoff used for screening of hazards in the manufacturing industry (Paper B). Because the
tools include multiple risk factors, this could potentially reduce the probability of sub-
optimized solutions where new harmful exposures may be introduced when others are
reduced. Furthermore, RAMP I and RAMP II should be regarded as parts of an assessment
where other tools and methods are used.

Table 6.1. Included exposures, and parameters of the exposures in RAMP I and RAMP II.
RAMPI RAMPII

Heavy MHO
Lifting/Lowering  Load weight Yes Yes
('heavy") Frequency/duration Yes Yes
Posture Yes Yes
Carrying (‘heavy") n/at n/at
Pushing/Pulling Magnutide of force Yes Yes
("heavy') Frequency/duration Yes Yes
Posture Yes Yes
Postures (excl. heavy MHO)
Neck Magnitude Yes Yes
Duration Yes Yes
Frequency (i.e. movements) Yes No
Upper arms Magnitude Yes Yes
Duration Yes Yes
Frequency (i.e. movements) Yes Yes?
Trunk Magnitude Yes Yes
Duration Yes Yes
Frequency (i.e. movements) Yes No€
Wrist Magnitude Yes Yes
Duration Yes Yes
Frequency (i.e. movements) No Yes
Kneeling/Squatting Frequency/duration Yes Yes
Additional factors
Hand-arm vibration Yes Yes
Whole-body vibration Yes Yes
Breaks/recovery time Yes Yes
Ambient temperature (e.g. heat, cold and draught) Yes Yes
Psychosocial factors Yes Yes
Discomfort reports Yes Yes

Notes; not applicable (n/a); 4 only included as a note; B three mainly qualitative categories; € indirectly
for heavy lifting/lowering.

In congruence with e.g. the ART, MAC and RAPP tools, many of the assessment items e.g.
postures of the back, upper arms and wrists are assessed independently of other exposures.
For lifting/lowering and pushing/pulling the position of the hands in space is considered in
RAMP I and RAMP II, thereby at least indirectly, considering the postures of the back and
upper arms. Substantially increased MSD risks have been associated with exposures of high
level of repetition in combination with high forces [412]. Furthermore, the combination of
hand force and wrist posture is also believed to interact in a similar multiplicative manner
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[177]. This implies that assessments that address these factors without considering the
interaction effects may underestimate the risk. Hence, if accurately accounting for these
interaction effects, improvements of the specificity and sensitivity of the assessments could
be expected. For lifting/lowering and pushing/pulling, a range of task parameters are
combined using a multiplicative interaction. A multiplicative interaction has been found to
better represent the interaction compared to an additive interaction [413, 414] and has been
used in several tools and models for MHO [171, 177, 183, 217, 218, 415]. However, as
indicated by Davis and Marras [416], the magnitude of the interaction effect is not always
constant, but can be influenced by other task parameters. For example, vertical location of
the load influenced the magnitude of the interaction effects of load asymmetry. The most
pronounced effect in the spinal loading occurred when lifting was performed at low vertical
heights. Hence, based on biomechanical spinal loading, this suggests that the weighing of the
multiplier could be improved by taking into account the differences due to vertical location.

Conversely to KIM 1 and MAC, little attention is given to carrying in RAMP I or in RAMP II.
Carrying was not seen as equally important to include in the tools as lifting and
pushing/pulling [244]. According to EN 1005-2 [407] lifting that includes a carrying distance
<2 m can be assessed as a lifting operation. As discussed in Paper B, manual pushing/pulling
and lifting/lowering, and carrying <2 m, have been reported constituting >90% of industrial
MHO [417]. However, carrying >2 m still constitutes a non-negligible proportion of industrial
MHO. While Taboun and Dutta [418] reported decreased MAW by about 7% when carrying 4
m compared to 0 m, Morrissey and Liou [419] reported a substantially decreased MAW by
about 14% when carrying 2.1 m compared to 1 m, indicating that a substantial reduction in
the load weight is needed when tasks include shorter carrying distance, at least for heavy
loads (i.e. about 40—50kg). To broaden the applicability of RAMP I and RAMP II to other
sectors, it is suggested to include carrying in future revisions of the tools.

Is should be noted that the basis for many of the multipliers in the pushing and pulling
tool/model relies on maximum voluntary strength or maximum acceptable load or force.
Although some studies support the ability of these approaches to predict increased risk of
MSDs, injuries or pain [48, 212, 213, 264, 265, 420], it has not been validated that workloads
derived from these approaches are below the threshold for manual handling related injuries
or disorders [295, 371]. The emphasis on utilization of studies employing a psychophysical
approach had several reasons. First, the psychophysical approach has been utilized for
studying several manual handling task parameters. The psychophysical approach has been
shown to yield reproducible data [295] and is believed to integrate both biomechanical and
physiological aspects [276, 295, 421]. Furthermore, since the approach usually produces data
on acceptable load weights or forces (i.e. a reduction due to introducing specific task
parameters) these results are relatively transferable to modeling.

Expert judgments were, in agreement with many others (e.g. [152, 169, 182]) employed to
enable the utilization of results from the studies with different research approaches,
exposures (including different operational definitions or cutoffs for exposures or exposure
levels), and different outcomes or case definitions identified from the literature search.
Expert judgments can be criticized for being subjective, and the derived results from these
approaches should, as discussed in paper B—E be regarded as hypothetical and treated with
caution until they have been validated in experimental studies or high quality
epidemiological studies. A possible alternative would be to use a meta-analysis. However,
based on the identified literature this was, in accordance with Hoozemans et al. [27], judged
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as infeasible. Using meta-analysis exclusively, would likely have resulted in a need to exclude
a large part of the relevant studies, likely resulting in crude assessment items with low
usefulness for the targeted users. Since the use of expert judgments enabled utilization of
relevant studies with different research approaches, studies presenting quantitative data and
short term indicators for excessive loading could be used as basis for the assessment items in
combination with studies using more longer term indicators, thereby to a larger extent
utilizing the best available knowledge [422].

Potential limitations with the search strategy were that a single database (i.e. Scopus) was
used to search for studies, and that relatively few search terms were used. This may have
resulted in that some relevant studies were not identified. However, the retrieved literature
reviews employed a broader search strategy, thereby increasing the coverage of the literature
search strategy. An alternative strategy could have been to employ a broader set of search
terms as used by SBU [423]. Their literature search was restricted to work-related exposures
targeting the upper extremities including the neck and shoulders. Despite this restriction,
their extensive number of search terms resulted in 22,587 studies. A later literature review by
SBU [424] targeting work-related exposures influencing back disorders identified 5,122
studies on physical demands. A broad search strategy was initially performed in the
development of RAMP I and RAMP II, but resulted in an unmanageable amount of studies.
Therefore, the reference lists of literature reviews were used as one of the strategies to
identify relevant studies in combination with the other strategies presented in Paper B-D,
and Table 4.3.

Some recent studies have claimed that there is insufficient evidence of an association of e.g.
repetitive or heavy work and carpal tunnel syndrome, and repetitive work or working with
arms above shoulder height and pain disorders in the neck/shoulders [423] or that
occupational lifting, pushing or pulling, bending or twisting and awkward occupational
postures are all unlikely independently causative of LBP [425, 426, 427, 428]. Such claims
are generally contradictory to what has been supported by others [18, 20, 45, 429] and have
been criticized for e.g. excluding relevant studies [429] or for treating the view points of
causality by Bradford Hill [430] as strict criteria of causality, applying those ‘criteria’ to single
studies rather than to the risk factor, and for ignoring trends or tendencies of an association,
interpreting a non-statistical significant relationship (e.g. at a 5% level) as support of a non-
existing association although not having tested this hypothesis [431, 432]. Based on the large
number of studies supporting and association of workplace-related ergonomics stressors [18,
20, 45, 429], an alternative would be to apply the ‘Precautionary Principle’ [429], i.e.
applying precautionary measures to hazards or potentially harmful exposure agents although
if the etiology linked to these hazards are not fully established.

RAMP I and RAMP II target assessments on group level. Therefore, other tools or methods
are needed for assessments and work design targeting at specific individual workers.
Furthermore, RAMP I and RAMP II target mainly a reduction of the exposures. In agreement
with most assessment tools in Table 1.2, mainly high physical exposures are treated as being
hazardous, while low physical exposures are treated as inducing a low risk. While this may be
a reasonable focus for many industrial manual handling jobs, other types of jobs may benefit
of increased physical loading [433], although little is known of the optimum physical loading
[434]. However, such jobs were not the target for the development of RAMP I and RAMP II.
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The RPLs in RAMP I and RAMP II are yet to be validated. Their basic function is to stimulate
risk reducing measures and design of MHO to reduce physical exposures in order to prevent
WMSDs, fatigue and discomfort. The definitions of the RPLs are qualitatively and include an
exhortation to take actions. An alternative could have been to use more specific definitions of
the risk levels as used by Marras et al. [435]. In their study, a ‘high-risk job’ was defined as
jobs having 12 LBD injury cases per 200,000 hours of exposure and a ‘low-risk job’ as a job
with no LBD injury cases (and no turnover) the last three years. It should however be noted
that, the definition of a LBD injury differed and were in most cases retrieved from company
medical reports. The definition of a ‘high-risk job’ used by Marras et al. [435] can, however,
be exposed for criticism of being arbitrary. Their approach might have been feasible if only
specific types of musculoskeletal injuries or disorders were targeted. Because the aim was to
address potential MSDs risk factors in general, with focus on short terms indicators and on
facilitating implementation of risk reducing measures rather that assessing the specific risk
level of LBD injuries of a specific population, an approach similar to the one used by Marras
et al. [435] was not seen as suitable or possible to pursue based on the aim of the project and
the identified studies.

6.3 Reliability of RAMP I and RAMP II

As shown in the inter-reliability evaluation presented in Paper D, the majority of the
evaluated assessment items in RAMP II (i.e. 73%) received acceptable reliability after the
assessors had received one day training. For RAMP I, the majority of the evaluated
assessment items, i.e. 67% for the ergonomists and 56% for the production engineers,
received acceptable reliability after the assessors had received about one hour of training.
Conversely, 27% of the assessment criteria in RAMP II did not receive acceptable reliability
when applying Palm et al.’s criterion [131] to linearly weighted kappa [436, 437]. For RAMP
I, 33% of the assessment criteria did not receive acceptable reliability for the ergonomists and
44% for the production engineers.

Considering the relatively large number of items to assess, it is possible that the inter-rater
reliability could have been improved if more time for training had been given to the assessor.
As discussed in Paper B, one hour of training is substantially less than used in several other
studies were the time for training ranged from 4 hours to 2 weeks [111, 155, 239, 438, 439].
However, it is possible that some items need revision to receive acceptable reliability, or be
assessed using more reliable methods, such as direct measurement techniques, e.g. triaxial
accelerometers for assessment of upper arm elevation [440, 441]. This may be helpful since
both of the reliability evaluations indicate that assessments of duration of upper arm posture
and hand position in space are difficult to assess with high level of inter-rater agreement
using the assessment items in the tools. Another strategy to improve the reliability could be
to utilize team assessments [105] which have been found producing more reliable
assessments compared assessments performed by single observers [442, 443].

For RAMP II, perfect agreement (p, = 1.00 and xw >1.00) was achieved for the assessment
items concerning neck and wrist postures. Assessment of wrist postures using observation
often result in low reliability [85]. It is possible that the high agreement in reported in Paper
D partly, could be attributed to a low proportion of the time in wrist postures corresponding
to the wrist angle of the assessment items in RAMP II for the included jobs, hence resulting
in a low distribution in different exposure categories. The mean proportion of the work time
spent in considerable bent wrist posture in industrial manual handling jobs reported by Fan
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et al. [444], was substantially below the boarder to the intermediate RPL for wrist posture in
RAMP II.

The evaluations were restricted to evaluation of the RPLs (consisting of two or three
categories), since these are superordinate of the RPL scores. Therefore, no attempt was made
to evaluate the reliability of the RPL scores in the Papers included in this thesis. It is,
however, likely to expect a lower reliability if comparing the RPL scores within each
assessment item, leading to increase in random misclassification errors due to increased
number of bin boundaries [445].

The survey presented in Paper A identified several usability-related aspects that were rated as
important for using an OBRAT, including e.g. ease of use, being quick to use, its ability to
communicate and visualize the results, and its ability to facilitate improvement measures. A
large part of the respondents agreed (fully or partly), that RAMP I and RAMP II are usable as
decision base, that the time needed to perform an assessment using the tools is acceptable,
that the results are clear, and that the assessment items are (in general) easy to understand.
They also considered both RAMP I and RAMP II as being usable for assessing risks. Hence,
according to a large majority of the respondents, both RAMP I and RAMP II fulfilled several
usability-related aspects that were identified as important in Paper A. The fact that all
participants agreed (fully or partly) on the more general question of them being usable for
risk assessment gives additionally support for their usability.

6. 5 Additional methodological considerations

6.5.1 Survey

Considering the response rate of the survey (i.e. 43% for those opening the news letter), the
results should be applied with caution when generalizing the result to the entire population of
professional OHSs ergonomists in Sweden that perform ‘physical ergonomics’ risk
assessments. The response rate was lower than the survey by Dempsey at al. [87] (i.e. 53%),
but higher than in the surveys by Diego-Mas et al. [238] and Arezes et al. [194], and included
substantially more respondents than the study by Pascual and Naqvi [193] and earlier
surveys from Sweden [241, 242, 243]. The web-survey targeted OHSs ergonomists that were
members of the Ergonomics Section within the Swedish Association of Physiotherapists [88],
which at the time consisted of 598 members. At the same year about 525 full-time equivalent
employments of ergonomists performed services for OHSs-organizations affiliated to
Sveriges Foretagshilsors, which according to their own figures, perform services that
correspond to about 95% of the turnover in this sector (personnel communication, Sveriges
Foretagshalsor, March 2017). Furthermore, the proportion of women in the included study
population (81%) was, however, close to that of those invited for participation in the study
(79%) i.e. members of the Ergonomics Section within the Swedish Association of
Physiotherapists [88]. However, it cannot be ruled out that the use of OBRATS is even lower
among those who did not open or received the newsletter. It also needs to be stressed that the
survey targeted professional ergonomists (RPT) working as OHSs ergonomists. Therefore,
the use of OBRATSs among other ergonomists in Sweden cannot be answered from the results
presented in this thesis.

3Note: (free translation): ‘the Swedish Association of Occupational Health Services
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Several usability-related aspects were judged as important by a large majority of the
respondents. To distinguish which of these are considered most important, ranking [446]
could have been applied. This was however judged as being too cumbersome for the
participants, given the large number of questions in the survey. Other aspects could also have
been included such as, importance of being seen as a standard tool backed by regulatory
bodies, and reliability and validity as identified by Buckle and Li [237]. Since the OHSs
ergonomists are intended to use evidence based tools, the term scientifically based was used
as a broad term with the intention to cover a broad range of aspects, including validity.

6.5.2 Evaluations of RAMP I and RAMP 11

As no single set of criteria exists for evaluating OBRATS, several of the usability related
aspects identified as important in Paper A were used to evaluate the usability of RAMP I and
RAMP II, as well as the general question whether the tools are usable for assessing risks. An
alternative could have been to use the System Usability Scale developed [447], which was
used to evaluated the usability of the ART tool [130]. However the questions in the System
Usability Scale, developed for evaluating the usability of computer-based systems, were to a
large part not conform with the identified usability aspects in Paper A, Buckle and Li [237],
Diego-Mas et al. [238], Rose et al. [244], and those used in former evaluations of OBRATS
[448] among Swedish ergonomists. Therefore, a five level ordinal rating scales, with the
anchor points ‘easy’ to ‘difficult’ and ‘fully agree’ to ‘fully disagree’, were employed to
evaluated the usability of RAMP I and RAMP II. Such five or seven-level scales with a neutral
middle category are commonly used [449]. The anchor points ‘ease’ and ‘difficult’ were the
same as used in former evaluations of OBRATs among labor inspectors [450] and OHS
practitioners [451]. The anchor points ‘fully agree’ and ‘fully disagree’ have been used by
Drury et al. [452] to evaluate computer-based ‘checklists’ for aircraft inspection, although
Drury et al. [452] used a 9-level scale. These anchor points are in close resemblance to those
used in the System Usability Scale [447] and the Likert scale (i.e. strongly disagree — strongly
agree) [449]. Sharples and Cobb [449] raised concerns of using more than 7 points,
questioning whether the respondents easily could make such precise judgments, therefore
recommending rating scales with 5—7 points. The ordinal rating scales employed include a
numerical and a categorical component. They were, however, treated as ordinal scales rather
than interval scales in the analysis since the (mathematical) distances between the category
levels was not validated. The usability evaluations were conducted in conjunction with the
training sessions of the tools, therefore the participants’ perception of the tools usability after
longer term use has not been tested.

The criterion used to indicate acceptable reliability for collecting data using observation-
based methods varies between studies, e.g. cutoff for proportional agreement of 0.7 to 0.9
have been used, and kappa of 0.41 to 0.6 [67, 131]. The cutoffs may be exposed for criticism
to some extent, being arbitrary. To indicate acceptable inter-rater reliability for RAMP I and
RAMP 11, the criteria proposed by Palm et al. [131] (i.e. kappa >0.40, in combination with a
proportional agreement >0.7) was used, since this criterion was developed to evaluate
reliability of an OBRAT (BASIK) designed for similar purpose and users, i.e. workplace
assessment by OHS practitioners, such as ergonomists. The other criteria reviewed by Denis
et al. [67] were instead used as criteria in the context of epidemiological studies, or for
collecting detailed information on task parameters for MHO [453]. Additionally, the criteria
used by Palm et al. [131] is in close agreement with the cutoff by Landis and Koch [1971] of
kappa >0.41 (0.41-0.60) to indicate moderate reliability. It should be noted that Palm et al.
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[131] applied the criteria for the so-called ‘prevalence and bias adjusted kappa’ (i.e. PABAK)
while, linearly weighted kappa [436, 437] was instead used in Paper B and D. As discussed in
Paper D, employing PABAK as kappa would have increased the percentages of items
receiving acceptable reliability, i.e. from 73, to 82% for RAMP II. For RAMP I, items
receiving acceptable reliability would have increased from 67% to 73% for the ergonomists,
and from 56% to 80% for the engineers if PABAK were used instead of linearly weighted
kappa. Among the 5654 assessments collected in the reliability evaluation of RAMP I,
missing data were less than 2%. Among the 1188 assessments collected for the 33 included
assessment items, there were no missing data.

The reliability evaluations were based on 5 and 10-minutes retrospective video recordings of
industrial manual handling tasks. These video recordings were assumed to show a
representative distribution of exposures for eight hours work. It is, however, not clear to what
extent these 5 and 10-minutes video recordings are representative for eight hours of work.
The included jobs and tasks are to a large part standardized and paced by a fixed production
rate. It can therefore be expected that the variability of the exposure in these ‘standardized’
tasks are lower than in many other non-paced ‘non- standardized ‘ tasks or jobs involving
manual handling, although a certain degree of intra- and inter-worker-variability of the
exposure [454, 455] can be expected, and possibly even seasonal variability of the exposure
[456]. However, this methodological issue applies to assessment tools in general, and
repeated observation of multiple workers may be needed to derive at accurate estimations of
the ‘true’ exposure. It is, however, considered a strength that the participants in the reliability
evaluation comprised intended end users, and that the video recordings comprised
recordings of actual work, instead of highly standardized simulations of work tasks with a low
degree of variability [239, 438, 457]. It can be argued that this gives a better test of the
external reliability, compared to it only simulated jobs with low variability were assessed. In
agreement with the proposal by Shackel [364] the evaluation of RAMP I and RAMP II were
based on both subjective ratings of usability and on ‘objective’ indicators of their reliability.
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~7. Conclusions

In this thesis, the overall objective of the research project was to develop a usable research-
based screening tool and assessment tool for occupational health and safety practitioners
targeting major work-related musculoskeletal disorder risk factors related to industrial
manual handling operations. The use of observation-based risk assessment tools among
professional ergonomists in Sweden has been explored, as wells as important usability-
related aspects of observation-based risk assessment tools. A research-based screening tool
and an assessment tool have been developed and their scientific basis presented, and
additionally, their reliability and usability have been evaluated.

The findings in the thesis point to a low proportional use of several internationally spread
observation-based risk assessment tools, including the NIOSH lifting equation, RULA,
REBA, and OWAS, among OHSs ergonomists in Sweden. Instead, the tools with the highest
proportion of users, as indicated in this thesis, were ‘SWEA-AFS’, KIM 1, and KIM 2, which
all were promoted by the Swedish Work Environment Authority. Several usability-related
aspects for observation-based risk assessment tools were identified as important among
professional ergonomists in Sweden. In particular, these aspects were related to the tools
being easy and quick to use, the tools’ ability to communicate and visualize the results, and
the tools’ ability to facilitate improvement measures.

The developed screening and assessment tools support assessment of a broad range of
musculoskeletal disorder risk factors related to industrial manual handling. The thesis
supports that assessments with acceptable inter-rater reliability can be achieved for the
majority of tools’ assessment items when industrial manual handling tasks are assessed by
assessors with prior training in risk assessments of manual handling. The thesis supports
that the two developed tools are usable in supporting risk assessments targeting
musculoskeletal disorder risk factors related to industrial manual handling.
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8. Theoretical & practical contribution

The developed tools (RAMP I, and RAMP II) have strong practical contribution in the sense
that, according to reports from users, they are or have been employed to assess WMSDs risks
related to manual handling in the manufacturing industries. At this point, several OHSs
practitioners are reporting using RAMP II, which can be regarded as an indication of external
usability, or at least practical acceptability. RAMP II (and to some extent RAMP I) can also be
regarded as a theoretical model that based on available research literature on MSD risk
factors and literature on influence on capacity of various task parameters related to manual
handling can be used to quantity work related exposures. The emphasis on duration of
exposures in RAMP II (e.g. for postures), allows OHS practitioners such as e.g. ergonomists
to assess these exposures with higher resolution (level of detail) than for several of the
existing observation-based risk assessment tools. The empirical data from this research can
be used to increase the understanding of important usability attributes of observation-based
risk assessment tools. This information is likely important when developing new tools or
revising existing tools in order to achieve high usability. Additionally, these usability
attributes, can also be used when developing theoretical models of usability aspects related to
observation-based risk assessment tools.

9. Future work

Although it is sometimes claimed that specific observation-based assessment tools are widely
spread or used, few peer-reviewed studies have addressed this issue systematically. The few
available studies that have reported on this issue often have low response rates or are based
on responses from a small number of respondents. More studies are therefore encouraged to
explore the use among different practitioner groups and within different countries. Due to
the large number of tools being developed to support OHS practitioners (and which will likely
continue), more studies are needed to increase the understanding of how these tools are used
in practice, and which usability-related aspects are important for different users and
stakeholders. More research is also needed on how to design such tools, taking account both
the development process and elements of the specific tool. Since only a few of the developed
tools have been evaluated in longitudinal epidemiological studies for their predictive validity
with regard to MSDs, more studies are needed on this matter, including evaluating the
predictive validity of e.g. RAMP II.

Although several studies indicate that combined manual handling is common or potentially
constitutes the majority of manual handling activities, relatively few studies and tools have
addressed this issue. Despite the obvious difficulties of developing guidelines for combined
manual handling, more attention should be directed to this issue. Despite the usefulness of
the psychophysical and physiological approaches in developing guidelines for MHOs which
include a range of task parameters, relatively few studies have evaluated their predictive
validity with regard to MSDs, especially for pushing, pulling and carrying. Therefore, more
high quality epidemiological studies are needed. The basis for many of the task parameters in
the push/pull tool was derived from studies were only a few task parameters were combined.
Therefore, the combined effect if many task parameters occur simultaneously is hard to
predict using the available data. Although a multiplicative relationship has been claimed as
superior to an additive relationship, more studies are needed that explores interaction effects
of several task parameters. To derive the quantitative assessment criteria in RAMP II (and
RAMP 1), expert group judgments were needed due to the many times scarce epidemi-
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ologically derived data, crude categories used, and difference in how exposures and outcomes
were defined and measured. More epidemiological studies collecting continuous data of high
precision and accuracy would improve the possibilities to develop quantitative assessment
criteria with increased precision.
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