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ABSTRACT.

The objective of this review paper has provided an outline of the range of methods that have been developed for the
evaluation of Work-related body-part discomfort with respect of postures and movements to create a well-defined definition of
‘discomfort’ by a direct statistical investigation into subjective feelings of fatigues and pains. Relevant publications and material
on Work-related body-part discomfort evaluation techniques have been collected for inclusion in this review and measure the
scientific literature on observational techniques. The technique has been classified under two main headings: (1) self-evaluation
of workers can be used to collect data on workplace exposure to physical factors by using methods that include worker
interviews and questionnaires; (2) observational methods that may be further classified into macropostural, micropostural and
activity of work- pastoral. As observational methods are more pervasive than self-rating -based techniques and can be
utilized as a practical tool in the workplace, The basis for each classification is outlined and measured in assessing the
severity, frequency, and duration of work-related physiological discomfort, and incorporates many of the key characteristics
identified in this literature review.

Keywords— Work-related body-part discomfort, postures and movements, feelings of fatigue and pains, self-rating and
observational

I. INTRODUCTION

In difference to many occupational diseases that have their beginning in exposure to particular hazardous agents, most
musculoskeletal disorders (MSDs) are characterized as multifactorial [1]. The findings of scientific research have identified physical [2],
organizational [3-5], and individual [6] occupational ‘risk factors’ for the development of work-related musculoskeletal dis-orders
(WMSDs). These studies have measured the levels of a range of factors across a series of occupations at different levels of risk, and
examined the relations with the occurrence (or prevalence) of MSDs for the populations concerned [7,8]. Subsequently, measures to
limit exposures have been proposed for those factors that increase risk [9-12].

The aim of this study is to find out Work-related body-part discomfort with respect of postures and movements and to construct a
well-defined definition of ‘discomfort’ by a direct statistical investigation into subjective feelings of fatigues and pains by means of self-
evaluation and observational procedure techniques. As observational methods are more widespread than self-rating -based
techniques and can be utilized as a practical tool in the workplace, this study reviews and measures the scientific literature
on observational techniques. These techniques are classified into macro postural, micro postural and activity of work- postural. The
basis for each classification is outlined and measured in assessing the severity, frequency, and duration of work-related physiological
discomfort, and incorporates many of the key characteristics identified in this literature review.
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The exact measurement of workers’ exposure to the variables that may contribute to the development of WMSDs has been of
crucial significance to both epidemiologists and ergonomists conducting research studies. There has also been comparable enthusiasm
from ergonomics specialists, occupational health physicians, employers, employee representatives and regulating authorities in
measuring exposure to known risk factors as the basis for programmers of risk prevention and reduction. It is currently acknowledged
that these projects ought to be established upon ergonomics principles and should integrate the holistic assessment of all elements of
the system work so that optimal solutions can be achieved. This range of non specific issues should be considered, such as task design,
worker/equipment interface, individual variation (including motivation), training needs, work organization and legal requirements [13].

Methods have been developed for evaluating exposure to risk factors for MSDs [1, 14], most for measurement of the upper regions
of the body, such as the back, neck, shoulder, arms and the wrists. The aim of this review is to provide an overview of the range of
methods that have been developed, to consider their respective qualities and to discuss the issues that should be considered when
selecting and using an assessment instrument. Importance will be given to aspects that are of particular significance to occupational
safety and health practitioners who are responsible for programs of risk prevention and reduction.

I1. METHODS FOR EXPOSURE MEASUREMENT OF DISCOMFORT

It has been proposed [2] that mechanical exposure amid physical work ought to be depicted by three major dimensions: level power
of the power, dullness the recurrence of movements between drive levels and length, the time the physical action is performed. Any
attempt to quantify exposure should therefore include all the three dimensions for a worker being assessed. Data must also be recorded
for the other major exposure factors, for example, postural variety, rate of development and vibration, and the estimation of
psychosocial and authoritative elements that might be available in the work environment.

1. REVIEW METHODOLOGY

Electronic databases were investigated by ‘Ergonomics Abstracts’ and OSH-ROM (a key collection of bibliographic databases
pertaining to occupational health and safety, and environmental medicine [CISDOC, HSELINE, MHIDAS, NIOSHTIC, RILOSH, an
OEM subset of MEDLINE]) using the keyword terms ‘ergonomics’, ‘work-related musculoskeletal disorders’, ‘exposure’, ‘posture’,
‘assessment’ and ‘questionnaire’ and combinations of these terms. Many major publications were found about specific exposure
assessment techniques. The findings from a recent conference and workshop deliberations of exposure evaluations are used [15, 16].

Exposure assessment techniques
A wide range of methods has been identified and categorized under the three headings that have conventionally been used by earlier
reviewers [1,2] and they are listed below in order of increasing precision of the data gathered from and invasiveness to the worker(s)

being assessed:
. Self-reports,

. Observational methods and

. Direct measurements.
Self-reports

Self-reports from workers can be used to collect data on workplace exposure to both physical and psychosocial factors by using
methods that include worker diaries, interviews and questionnaires. Generally, data collection has been by written records, but more

recent innovations include the self-evaluation of video films of work tasks [17] or the use of web-based questionnaires [18].

Some examples of studies using self-report are shown in Table 1. Related information on demographic variables, reported
symptoms, including pain and postural discomfort, and/or levels of subjective exertion may be gathered as well.
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Table 1. Examples of studies using self-reports

Referen Study population Main features Function
ce
VIDAR—operator self evaluation
. . p Worker ratings of load and estimations of
[17] Automotive workers (n %2 7) | from video films of the work . .
related pain and discomfort
sequence
. Reporting of ergonomic exposures | Index of ergonomic exposures, pain, job
[18] Office workers (n % 92) .p "9 g I . Xposu X g . I .xp. u. pain. ]
using web-based recording method | stress and functional limitations
Ordinal scales for physical Exposure assessment and prevalence of
[19] Forestry workers (n ¥ 2756) | workload and musculoskeletal
musculoskeletal symptoms
symptoms
Retail, postal, al.rport, nursing Visual analogue scales and Estimates of the magnitude, frequency and
[20] and manufacturing workers . . .
categorical data duration of work physical demands
(n % 123)
Tree-nursery workers (n %2 Visual analogue scales and .
[21] y (n% . g Assessment of risk factors
71) categorical data
. Impact scales for handling work . .
General population (n ¥4 14 P . . . g Mechanical exposure estimates for the
[22] 556) and Nordic Questionnaire for shoulder neck region
MSD symptoms g
DMQ—categorical data for work .
. Q d . Analysis of musculoskeletal workload and
[23] nurses, metal and shipyard load and hazardous working working conditions to identify higher risk
workers (n % 1575) conditions (to provide seven g g
- groups
indices)
Health care, shop assistants, . . A
Visual analogue scales, categorical Assessment of psychosocial risk factors for
[24] bank employees and . . .
. data and interview shoulder and neck pain
secretaries (n ¥ 93)

These methods have the obvious advantages of being easy to use, relevant to a wide range of working conditions and appropriate
for surveying large numbers of subjects at comparatively low cost. Estimations of exposure for extended periods can be determined
and for longer duration than may be realistically expected by making observations at the workplace. Large sample sizes are normally
required to ensure that the data gathered are representative of the occupational groups being investigated. The subsequent analysis
costs can be high and appropriate skills are necessary to interpret the findings accurately.

A major problem with these methods is that worker perceptions of exposure have been found to be imprecise and unreliable. For
example, having severe low back or neck pain was found to increase the probability of workers reporting higher durations or
frequencies of physical load in comparison with those workers from the same occupational groups who were pain free [19,25], even if
no support for this outcome was found by other investigators [26]. Additional, difficulties with self-reports may arise from unreliable
levels of worker literacy, comprehension or question interpretation [27]. While quantification of the absolute level of exposure is
doubtful using these methods [20], occupational groups at comparatively higher risk can be identified for more detailed analysis using
other methods [28]. Their levels of reliability and validity are reportedly too low for use as the basis for an ergonomics intervention [14].

Simpler observational techniques

A number of simpler methods have been developed for systematically recording workplace exposure to be assessed by an observer
and recorded on pro-forma sheets, as shown in Table 2. The number of exposure factors assessed by different techniques varies. Some
permit only postural assessments of various body segments to be made, but the majority assesses several critical physical exposure
factors, as shown in Table 3. Some of the above-mentioned techniques [35, 36] gather subjective data from workers system-morally as
part of the assessment of physical or psychosocial demands.
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Table 2. Examples of simpler observational methods

Reference Technique Main features Function
Time sampling for body postures . .
[29] OWAS pling yp Whole body posture recording and analysis
and force
. Assessment of legs, trunk and neck . N
[30] Checklist .. g Checklist for evaluating risk factors
for repetitive task
Categorization of body postures
[31] RULA and force, with action levels for Upper body and limb assessment
assessment
Measurement of posture related to
[32] NIOSH Lifting Equation | biomechanical load for manual Identification of risk factors and assessment
handling
Checklist with questions for A .
[33] PLIBEL . a ;i Identification of risk factors
different body regions
. Combined index of six exposure Assessment of risk for distal upper extremit
[34] The Strain Index P . bp y
factors for work tasks disorders
Measures for body posture and Integrated assessment scores for various types
[35] OCRA - .
force for repetitive tasks of jobs
Exposure levels for main bod
F_) . y Assessment of exposure of upper body and
[36] QEC regions with worker responses, and | .. . .
. . limb for static and dynamic tasks
scores to guide intervention
Manualandling Guidance, Che.Ck“StS for tasl.<, egglpmeqt, Checklist for identifying risk factors for manual
[37] environment and individual risk .
L23 handling
factors
Categorization of body postures
[38] REBA and force, with action levels for Entire body assessment for dynamic tasks
assessment
FIOH Risk Factor uestions on physical load and ..
[39] . Q P y Assessment of upper extremities
Checklist posture for repetitive tasks
Threshold limit values for hand
[40] ACGIH TLVs . e Exposure assessment manual work
activity and lifting work
Classification based on joint .
. Assessment of postural loading on the upper
[41] LUBA angular deviation from neutral and . d g PP
. . body and limbs
perceived discomfort
Upper Limb Disorder Checklist for ULD hazards in the .
42 . Assessments of ULD risk factors
[42] Guidance HSG60, workplace
Flow char main risk
ow charts t_o asse_ss_ _a . s Assessment of risk factors for individual and
[43] MAC factors to guide prioritization and .
. . team manual handling tasks
intervention
Table 3. Exposure factors assessed by different methods
Reference Technigue Posture Load/ force Movement Duration Recovery Vibration | Others
frequency
29 OWAS 1 1 0 0 0 0 0
30 Checklist 1 0 0 0 0 0 0
31 RULA 1 1 1 0 0 0 0
[32] NIOSH Lifting Equation 1 1 1 1 1 0 1
[33] PLIBEL 1 1 0 0 0 0 1
[34] The Strain Index 1 1 1 1 0 0 1
351 OCRA 1 1 1 1 1 1 1
[36] QEC 1 1 1 1 0 1 1
[37] Manual Handling uidance,[.23 1 1 1 1 1 0 1
[38] REBA 1 1 1 1 0 0 1
[39] FIOH Risk Factor Checklist 1 1 1 0 0 0 1
[40] ACGIH TLVs 1 1 1 1 0 0 0

*These include, mechanical compression, glove use, environmental conditions, equipment, load coupling, team work, visual demands,

psychosocial and individual factors.
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These methods have the advantages of being inexpensive and practical for use in a wide range of workplaces where using other
methods of observing workers would be difficult because of the disruption caused. They may be subject to intra- and inter-observer
variability when choosing between different categories of exposure level, and are more suited to the assessment of static (posture held)
or repetitive (simple pattern) jobs [1]. A number of methods enable overall indices or scores for combinations of exposure factors to
be determined [31, 32, 35, 36, 38, 43] with the aim of prescribing acceptable exposure limits for workers, or at least establishing
priorities for intervention across a range of tasks. The epidemiological data upon which these scoring systems are based is limited
particularly with respect to how different factors should be weighted, or interactions between factors should be quantified. The scoring
systems are therefore largely hypothetical.

Advanced observational techniques

A range of video-based observational techniques has been developed for the assessment of postural variation for highly dynamic
activities; some examples are given in Table 4. Each of these methods record data either on videotape or by computer that are
subsequently analyzed objectively using dedicated software. The worker’s postural variations are recorded in real time for a
representative work period, and several joint segments may be analyzed simultaneously.

A number of dimensions may be determined, such as distance of movement, angular changes, velocities and accelerations. The
analysis may include the use of biomechanical models that represent the human body as a set of articulated links in a kinetic chain and
use anthropometric, postural and hand-load data to calculate inter-segmental moments and forces [52]. These range in complexity
from two-dimensional static models to three-dimensional dynamic models. The costs of the above-mentioned systems can be
substantial, and they require extensive technical support from highly trained staff for effective operation. They can be time consuming
to use in practice and have been found more suitable for use in recording and analyzing simulated tasks, rather than for conducting
practical assessments in the workplace.

Direct methods

A wide range of methods has been developed that rely on sensors that are attached directly to the subject for the measurement of
exposure variables at work. Examples of the types that have been developed are shown in Table 5. These methods range from simple,
hand-held devices for the measurement of the range of joint motion to electronic goniometers that provide continuous recordings of
the movement across joints during the performance of a task. Lightweight devices have been developed for application directly across
articulating joints for the measurement of finger and wrist angles and forearm rotation [58] together with corresponding systems for
computerized data analysis [57]. In addition, systems have been developed for the simultaneous recording of multiple wrist, hand and
finger movements together with grip pressure directly online to a laptop computer [63]. The Lumbar Motion Monitor [56] is an
electronic exoskeleton applied to the torso that records continuous data for three-dimensional components of trunk position, velocity
and acceleration for subsequent analysis by computer.

In addition, tri-axial accelerometers have been developed that in combination with appropriate software, are suitable for the
assessment of body postures and movements during whole-day ambulatory monitoring of occupational work [59, 60]. Such devices can
be used to determine the time that individuals spend in different postures during the course of their working day. Techniques have
been developed for recording body posture that rely on the attachment of optical, sonic or Electromagnetic markers to specific
anatomic points on the worker and are used with corresponding scanning units to track the position and angular movement of
different body segments [14]. The three-dimensional co-ordinates of all body markers can be recorded in real time using dedicated
computing systems. These systems appear to be more suited to the investigation of task simulations, as opposed to investigations at
industrial locations.

Another direct method is the synchronous recording and computerized analysis of my electrical activity (EMG). This can be used to
estimate muscle tension [61, 64] although the relationship may be non-linear in many circumstances, therefore a careful interpretation
is required. It may also be used to evaluate local muscle fatigue that relies on changes in the spectral characteristics of the electric signal,
although again interpretation may be difficult [65]. Direct measurement systems can provide large quantities of highly accurate data on
a range of exposure variables. The attachment of sensors directly to the subject may result in discomfort and possibly some
modification in work behavior. The enhanced data generation capacity of many of these systems may be considered impractical by
many practitioners because of the time required for the analysis and interpretation of the data. Direct measurement systems require
considerable initial investment to purchase the equipment, as well as the resources necessary to cover the costs of maintenance and the
employment of highly trained and skilled technical staff to ensure their effective operation [14].
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Table 4. Examples of advanced observational methods

Reference Technique Main features Function
[44] Video analysis Time sampling of video films and Posture assessment of hand/finger
computerized data acquisition for both
posture and force
[45] ROTA Computerized real time or time Assessment of dynamic and static tasks
sampling recording and analysis of
activity and posture
[46] TRAC Computerized time  sampling Assessment of dynamic and static tasks
recording and analysis of activity and
posture
[47] HARBO Long duration observation of various
Computerized real time recording | types of jobs
of activity and posture
[48] PEO Computerized real time recording Various tasks performed during period of
of posture and activity jo
[49] Video analysis Analogue data recordings Various manual tasks
synchronized with video images
[50] PATH Computerized work sampling of Non-repetitive work
posture and activity
[51] SIMI Motion Assessment of dynamic movement of
Video-based analysis of three | upper body and limbs
dimensional movement
[52] Biomechanical models Linked segmental representation of Estimation of internal exposures during
the human body task performance
[53] Video analysis Computerized estimation of
Tri-axial video-based observational | repetitiveness, body postures, force and
method for quantification of exposure | velocity
[54] Video analysis Video-based recording of upper Assessment of dynamic and static tasks
extremity posture
[55] Video analysis Measurement of trunk angles and angular
Digital video capture and analysis of | velocities
body postures
Table 5. Examples of direct methods
Reference Technique Main features Function
[56] LMM Triaxial electronic goniometer Assessment of back posture and motion
Single or dual plane electronic .
. . g P . Measurement of angular displacement of
[57,58] Electronic goniometry goniometers and torsiometers to .
. upper extremity postures
record joint posture
Tri-axial accelerometers that record
. ) Measurement of postures and movement of
[59,60] Inclinometers movement in two degrees of freedom .
. . . the head, back and upper limbs
with reference to the line of gravity
Body posture scanning Opt_lcal, -SOI’IIC or electromagnetic Measurements of displacements, velocities
[14] registration of markers on body .
systems L and accelerations of a body segment
segments from exercising muscles
[61] EMG Recording of myoelectrical activity Estimation of variation in muscle
Computer mouse with sensors . L A
. . . tension and force application Determination
[62] Force measurement recording forces applied to side and .
of finger force exposures
button
nghtwelght glove |ncorporat|ng 22 Measurement of wrist, hand and finger
[63] CyberGlove motion sensors and Uniforce pressure . . . .
SenSors motion with superimposed grip pressure

Volume 70, Issue 12, 2022 | Page No. 48




Heritage Research Journal | ISSN No: 0474-9030 | https://heritageresearchjournal.com/

IV.DISCUSSION

It is evident that various methods are available for the assessment of exposure to workplace risk factors for MSDs. The choice of
method(s) will depend upon the nature of the investigation and the purpose(s) for which the data will be used; these will determine the
level of accuracy and precision that is required. A well-constructed hypothesis regarding the way that specific workplace factors
contribute to the overall workplace exposure is necessary, as this will ensure that appropriate techniques are employed to gather
relevant data for the investigation concerned. The core considerations for the design of a measurement strategy [66] are summarized in
Table 6. The technique(s) selected should be appropriate to the requirements of the measurement strategy that is developed. Some
methods are suitable for use only by highly skilled investigators and require extensive use of resources. Other techniques that enable
more general, observation-based assessments to be made are more suited to the needs of occupational safety and health practitioners
or those from related professions, who have limited time and resources at their disposal for making assessments. These practitioners
are often faced with the challenge of preventing or reducing the number of MSDs in the workplace and need a basis for establishing
priorities for intervention. Assessing exposure to risk factors for WMSDs is an essential stage in the management and prevention of
WMSDs, when it may form part of an overall-risk-assessment program. Ideally, practitioners need techniques to assess exposure that
are easy and quick to use, that are sufficiently flexible to be applied to a range of jobs, and that are comprehensive and reliable for a
range of risk factors. A number of methods have been developed to meet at least some of these requirements (see Table 2).
Practitioners would be helped, therefore, by the development of a systematic approach to compare the advantages and disadvantages
of different methods that would allow an informed choice to be made about which techniques to use in which situations. Workshops
and discussions with practitioners [16] have identified several issues that need to be addressed.

What level of resource is required?

The costs of acquisition, training and the time required to undertake assessments and analyse the data will vary for different methods.
Practitioners may have very limited time to carry out assessments, therefore the assessment method should be straightforward and
quick to use. Many of the methods listed in Table 2 are freely available from developers or associated sources. Users will still need to
become conversant with their application and gain confidence in their use. The assessment method chosen should be cost effective for
the organization concerned and commensurate with the levels of skill of those working there.

Table 6. Basic considerations in establishing a measurement strategy for work-related discomfort [66]

Feature Consideration
Exposure measure Aectiological relevance (posture, force, trunk muscle activity)
Exposure dimension Level, duration, frequency
Technique or device Accuracy and precision (versus repeated measurements), feasibility and cost
Subjects Group approach versus individual assessment, number of subjects
Workplace conditions Sampling procedures for workplace and work conditions

. Frequency and duration of measurements number of measurements versus
Temporal variation .

number of subjects

How comprehensive is the exposure assessment method?

The range of factors considered by different methods varies widely; Table 3 provides a comparison of the factors assessed by the
simpler observational techniques that are more likely to be used by practitioners. Generally, more emphasis has been given to enabling
physical factors to be assessed. Some methods allow for the assessment of the whole body including lower limbs [29, 38]. Psychosocial
and work organizational factors are addressed by very few methods, and only in a limited way. There is a need to widen the range of
factors that are currently included, and to consider the interactions between those factors that are currently assessed. In line with the
ergonomics approach to making interventions, the assessment methods that focus principally on physical factors in the workplace
should be complemented by appropriate ergonomic techniques that address the wider organizational issues so that optimal solutions
can be found.

How much assistance does the method give with making workplace interventions? Practitioners need to establish priorities for
workplace interventions based on the assessments they have carried out. Importantly, they also need to convince managers to allocate
appropriate levels of resources to make improvements. Scoring systems and associated evaluation criteria have been developed for
several of the assessment methods [31, 35, 36] that enable the levels of exposure for the relevant factors to be combined to give scores
for specific body areas or a combined total calculated for the task concerned. Scores may then be compared, actions proposed
dependent upon the perceived need and estimates made of the level of improvement afforded by making the change.
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In the absence of anything that can be shown to have greater validity, the current scoring systems are popular with practitioners and
managers as they assist communication and decision-making.

How reliable and valid are exposure assessment methods?

Exposure assessment in the workplace may be difficult because of the effects of the surroundings on the accuracy of data collection.
Direct measurement techniques can provide more reliable data than those based on observations or subjective judgments. A major
challenge is posed in validating exposure assessment techniques. Ideally, this should be done by documenting the levels of exposure for
the full range of factors assessed using the technique(s), then subsequently recording the health outcome measures across a range of
occupations exposed for a sufficient period. An alternative strategy for establishing validity that has been utilized is to compare the
results of different methods, e.g. observation and direct measurement, to determine the level of agreement between the two [19, 36,
and 67].

How many workers can or should be observed to ensure that the assessment is representative of the exposure profile for the
population under investigation?

Much effort has been devoted to the design of data collection strategies for establishing exposure profiles in epidemiological
investigations [68]. This is especially difficult for jobs where there is considerable temporal variation in the exposure factor of interest.
An effective data-collection strategy should enable an estimate of a group mean exposure for a job to be established with sufficient
levels of accuracy (small bias) and precision (small random error), and with the minimum possible investment of resources [69]. The
use of ‘bootstrap’ procedures has been proposed in epidemiological studies to investigate the precision of determinations of the mean
exposure for the total group of workers concerned [70]. It was discovered that monitoring between 15 and 25 workers from a group
was probably the minimum number for an adequate estimate of the group average exposure to trunk flexion to be made. It is unlikely
that occupational safety and health practitioners will have the resources to monitor these numbers of workers in each occupational
group they are called upon to survey. It is questionable therefore if the tasks that are assessed are representative of those performed by
other workers in the job and throughout the organization, in different locations and at different times of year. This issue is of major
importance, and has not been addressed by the developers of assessment techniques designed for use by practitioners.

How transferable is the method between different situations?

It is useful to have a common procedure in use across an organization when establishing priorities for intervention. The requirement
for an assessment technique to be sufficiently flexible to be applied to a range of jobs was one of several key factors identified by
practitioners in a survey undertaken as part of the development of the Quick Exposure Check [36]. The more comprehensive the
technique (see Table 3), the more likely it will be that it will cover the range of different risk factors found at different workplaces
across an organization. Nevertheless, no technique has so far been found suitable for all applications.

V. CONCLUSIONS

The assessment of exposure to risk factors for MSDs in the workplace is a complex and problematical area. A wide range of
assessment methods has been developed that fall within three main categories that have been described. A major challenge is posed in
selecting the appropriate method or combination of methods from this range that have been developed. The more general, observation-
based assessments appear to be best matched to the needs of occupational safety and health practitioners (or those from related
professions) that have limited time and resources at their disposal and need a basis for establishing priorities for intervention. Even so,
this user group would benefit from the development of a decision aid that would allow them to make an informed choice about which
techniques are most suited to which practical situations they are called upon to assess.

REFERENCES

[1] Van der Beek A, Frings-Dressen M. Assessment of mechanical exposure in ergonomic epidemiology. Occup Environ Med 1998; 55:291 — 299.

[2] Winkel J, Mathiassen S. Assessment of physical work in epidemiology studies: concepts, issues and operational considerations. Ergonomics 1994;
37:979 -988.

[3] Bongers P, de Winter C, Kompier M, Hildebrandt V. Psychosocial factors at work and musculoskeletal disease. Scand J Work Environ Health 1993;
19:297 - 312.

Volume 70, Issue 12, 2022 | Page No. 50



Heritage Research Journal | ISSN No: 0474-9030 | https://heritageresearchjournal.com/

[4] Devereux J, Vlachonikolis I, Buckle P. Interactions between physical and psychosocial work risk factors increase the risk of back disorders: an
epidemiological study. Occup Environ Med 1999; 56:43- 53.

[5] Devereux J, Vlachonikolis I, Buckle P. Epidemiological study to investigate potential interaction between physical and psycho social factors at work that
may increase the risk of symptoms of musculoskeletal disorder of the neck and upper limb. Occup Environ Med 2002; 59:269 - 277.

[6] Armstrong T, Buckle P, Fine L, et al. A conceptual model for work-related neck and upper limb musculo-skeletal disorders. Scand J Work Environ
Health 1993;19: 73 - 84.

[71 Bernard B, ed. Musculoskeletal Disorders and Workplace Factors: A Critical Review of the Epidemiological Evidence for Work-Related
Musculoskeletal Disorders of the Neck, Upper Extremity, and Low Back. Cincinnati: DHHS (NIOSH) Publication, 1997; No. 97 141.

[8] Buckle P. Can exposure profiles derived from epidemiolo-gical studies inform practical ergonomic interventions? In: Hagberg M, Knave B, Lillienberg L,
Westherg H, eds. X2001—Exposure Assessment in Epidemiology and Practice. Stockholm, Sweden: National Institute for Working Life S-112 79, 2001;
451 — 452,

[9] Threshold Limit Values for Chemical Substances and Physical Agents. Cincinnati, OH: ACGIH Worldwide, 2001.

[10] National Board of Occupational Safety and Health Swedish Ordinance on Ergonomics for the Prevention of Muscu-loskeletal Disorders AFS 1998:1.
[11] Ringleberg J, Voskamp P. Integrating Ergonomic Principles into C-Standards for Machinery Design. TUTB Proposals for Guidelines. Brussels:
European Trade Union Technical Bureau for Health and Safety, 1996.

[12] Safety of Machinery — Human Physical Performance—Part 4. Evaluation of Working Postures in Relation to Machinery. PrEN 1005- 4. 1998.
Morray N. Culture, politics and ergonomics. Ergonomics 2000; 43:858 — 868.

[13] Li G, Buckle P. Current techniques for assessing physical exposure to work-related musculoskeletal risks, with emphasis on posture-based methods.
Ergonomics 1999; 42:674— 695.

[14] Hagberg M, Knave B, Lillienberg L, Westberg H, eds. X2001—Exposure Assessment in Epidemiology and Practice. Stockholm, Sweden: National
Institute for Working Life S-112 79, 2001; 515 pp.

[15] Assessing musculoskeletal disorders at work: which tools to use when? [on line]. University of Surrey, Guildford 2003.
http : //www.eihms.surrey.ac.uk/robens/erg/ conferencesqec2.htm [Accessed 6.10.03].

[16] Kadefors R, Forsman M. Ergonomic evaluation of complex work: a participative approach employing video computer interaction, exemplified in a study
of order picking. Int J Ind Ergon 2000;25:435 — 445,

[17] Dane D, Feuerstein M, Huang G, Dimberg L, Ali D, Lincoln A. Measurement properties of a self-report index of ergonomic exposures for use in an
office environment. J Occup Environ Med 2002;44:73 — 81.

[18] Viikari-Juntura E, Rauas S, Martikainen R, Kumosa E, Riihimaki H, Saarenmaa K. Validity of self-reported physical work load in
epidemiological studies on musculoskeletal disorders. Scand J Work Environ Health 1996;22:251 — 259.

[19] Pope D, Silman A, Cherry N, Pritchard C, MacFarlane G. Validity of a self completed questionnaire measuring the physical demands of work.
Scand J Work Environ Health 1998;24:376 — 385.

[20] Spielholz P, Silverstein B, Stuart M. Reproducibility of a self-report questionnaire for upper extremity musculo-skeletal disorder risk factors. Appl
Ergon 1999;30: 429- 433.

[21] Balogh I, Orabek P, Winkel J, et al. Questionnaire-based mechanical exposure indices for large population studies: reliability, internal consistency and
predictive validity. Scand J Work Environ Health 2001;27:41- 48.

[22] Hilderbrandt V, Bongers P, van Dijk F, Kemper H, Dul J. Dutch musculoskeletal questionnaire: description and basic qualities. Ergonomics
2001;44:1038- 1055.

[23] Holte K, Westgaard R. A comparison of different methods for assessment of psychosocial risk factors for shoulder and neck pain. In: Hagberg M,
Knave B, Lillienberg L, Westberg H, eds. X2001—Exposure Assessment in Epidemiology and Practice, 79. Stockholm,Sweden: National Institute for
Working Life S-112 79, 2001; 381 — 382.

[24] Balogh I, @rbak P, Ohlsson K, Nordander C, Unge J, Winkel J. Self-assessed and directly measured occupational physical activities—influence of
musculo-skeletal complaints, age and gender. Appl Ergon 2004; 35:49 — 56.

[25] Toomingas A, Alfredsson L, Kilbom A. Possible bias from rating behaviour when subjects rate both exposure and outcome. Scand J Work Environ
Health 1997;23:370 — 377.

[26] Spielholz P, Silverstein B, Morgan M, Checkoway H, Kaufman J. Comparison of self-report, video observation and direct measurement methods for
upper extremity musculoskeletal disorder. Ergonomics 2001;44: 588 — 613.

[27] Burdorf A. Editorial; In musculoskeletal epidemiology are we asking the unanswerable in questionnaires on physical load? Scand J Work Environ
Health 1999; 25:81- 83.

[28] Karhu O, Kansi P, Kuorinka 1. Correcting working postures in industry: a practical method for analysis. Appl Ergon 1977;8:199 — 201.

[29] Keyserling M, Brouwer M, Silverstein B. A checklist for evaluating ergonomic risk factors resulting from awkward postures of the legs, trunk, and neck.
Int J Ind Ergon 1992; 9:283 — 301.

[30] McAtamney L, Corlett E. RULA: a survey method for the investigation of work-related upper limb disorders. Appl Ergon 1993;24:91-99.

[31] Waters T, Putz-Anderson V, Garg A, Fine L. Revised NIOSH equation for the design and evaluation of manual lifting tasks. Ergonomics
1993;36:749 — 766.

Volume 70, Issue 12, 2022 | Page No. 51


http://www.eihms.surrey.ac.uk/robens/erg/

Heritage Research Journal | ISSN No: 0474-9030 | https://heritageresearchjournal.com/

[32] Kemmlert K. A method assigned for the identification of ergonomics hazards—PLIBEL. Appl Ergon 1995;26: 199 — 211.

[33] Moore J, Garg A. The strain index: a proposed method to analyze jobs for risk of distal upper extremity disorders. Am Ind Hyg Assoc J 1995;
56:443- 458.

[34] Occhipinti E. OCRA: a concise index for the assessment of exposure to repetitive movements of the upper limb. Ergonomics 1998; 41:1290- 1311.
[35] Li G, Buckle P. Evaluating Change in Exposure to Risk for Musculoskeletal Disorders—A Practical Tool. Suffolk: HSE Books, 1999; CRR251.
[36] Health and Safety Executive. Manual Handling Operations Regulations. 1992 Guidance on Regulations L23. Suffolk: HSE Books, 1998.

[37] Hignett S, McAtamney L. Rapid Entire Body Assessment (REBA). Appl Ergon 2000; 31:201 — 205.

[38] Ketola R, Toivonen R, ViiKari-Juntura E. Inter-observer repeatability and validity of an observation method to assess physical Loads imposed on the
upper extremities. Ergonomics 2001;44:119 — 131.

[39] Threshold Limit Values for Chemical Substances and Physical Agents. Cincinnati, OH: ACGIH Worldwide, 2001.

[40] Kee D, Karwowski W. LUBA: an assessment technique for postural loading on the upper body based on joint motion discomfort and maximum
holding time. Appl Ergon 2001; 32:357 — 366.

[41] Health and Safety Executive. Upper Limb Disorders in the Workplace HSG60. Suffolk: HSE Books, 2002.

[42] Monnington S, Quarrie C, Pinder A, Morris L. Development of Manual Handling Assessment Charts (MAC) for health and safety inspectors. In:
McCabe T, ed. Contem-porary Ergonomics. London: Taylor & Francis, 2003; 3-8, ISBN 0-415-30994-8.

[43] Armstrong TJ. Upper-extremity posture: definition, measurement and control. In: Corlett N, Wilson J, Manenica I, eds. The Ergonomics of Working
Postures. London: Taylor & Francis, 1986; 57— 73.

[44] Ridd J, Nicholson A, Montan A. A portable microcomputer based system of ‘on-site’ activity and posture recording. In: Megaw E, ed. Contemporary
Ergonomics. Taylor & Francis, 1989; 366 — 371.

[45] Van der Beek A, van Galen L, Frings-Dresen M. Working postures and activities of lorry drivers: a reliability study of on-site observation and
recording on a pocket computer. Appl Ergon 1992;23:331- 336.

[46] Wiktorin C, Mortimer M, Ekenval L, Kilbom A, Hjelm E. HARBO, a simple computer-aided observation method for recording work postures.
Scand J Work Environ Health 1995;21:440 — 449.

[47] Frasson-Hall C, Gloria R, Kilbom A, Winkel J, Karlqvist L, Wiktorin C. A portable ergonomic observation method (PEO) for computerised on line
recording of postures and manual handling. Appl Ergon 1995; 26:93 —100.

[48] Yen T, Radwin R. A video based system for acquiring biomechanical data synchronized with arbitrary events and activities. IEEE Trans Biomed Eng
1995; 42:944 -948.

[49] Buchholtz B, Pacquet V, Punnett L, Lee D, Moir S. PATH: A work sampling-hased approach to ergonomics job analysis for construction and other
non-repetitive work. Appl Ergon 1996;27:177— 187.

[50] Li G, Buckle P. Current techniques for assessing physical exposure to work-related musculoskeletal risks, with emphasis on posture-based methods.
Ergonomics 1999;42: 674— 695.

[51] Chaffin D, Andersson G, Martin B. Occupational Bio-mechanics, 3rd edn. New York: John Wiley, 1999.

[52] Fallentin N, Juul-Kristensen B, Mikkelsen S, Andersen J, Bonde J, Frost P, et al. Physical exposure assessment in monotonous repetitive work- the
PRIM study. Scand J Work Environ Health 2001;27:21 — 29.

[53] Spielholtz P, Silverstein B, Morgan M, Checkoway H, Kaufman J. Comparison of self- report video observation and direct measurement methods for
upper extremity musculoskeletal risk factors. Ergonomics 2001;44:588 — 613.

[54] Neuman W, Wells R, Norman R, Kerr M, Frank J, Shannon H. Trunk Posture: reliability, accuracy, and risk estimates of low back pain from a
video based assessment method. Int J Ind Ergon 2001;28:355 — 365.

[55] Marras W, Fathallah F, Miller R, Davis S, Mirka G. Accuracy of a three-dimensional lumbar motion monitor for recording dynamic trunk motion
characteristics. Int J Ind Ergon 1992;9:75- 87.

[56] Radwin R, Lin M. An analytical method for characterizing repetitive motion and postural stress using spectral analysis. Ergonomics 1993;36:379 —
389.

[57] Biometrics Ltd. Goniometer and Torsiometer Operating Manual. Biometrics Ltd, 1998; 1- 24.

[58] Hasson G-A, Asterland P, Holmer N-G, Skerfving S. Validity, reliability and applications of an inclinometer based on accelerometers. In: Hagberg
M, Knave B, Lillienberg L, Westherg H, eds. X2001—Exposure Assessment in Epidemiology and Practice. Stockholm, Sweden: National Institute for
Working Life S-112 79, 2001; 405 — 407.

[59] Bernmark E, Wiktorin C. A triaxial accelerometer for mea-suring arm movements. Appl Ergon 2002; 33:541-547.

[60] Wells R, Norman R, Neuman P, Andrews D, Frank J, Shannon H, et al. Assessment of physical work load in epidemiologic studies: Common
measurement metrics for exposure assessment. Ergonomics 1997; 40:51— 61.

[61] Johnson P, Hagherg M, Wigaeus Hjelm E, Rempel D. Measuring and characterising force exposures during computer mouse use. Scand J Work
Environ Health 2000; 26:398- 405.

Volume 70, Issue 12, 2022 | Page No. 52



Heritage Research Journal | ISSN No: 0474-9030 | https://heritageresearchjournal.com/

[62] Frievalds A, Kong Y, You H, Park S. A comprehensive risk assessment model for work-related musculoskeletal disorders of the upper extremities.
Ergonomics for the New Millennium. Proceedings of the XIVth Triennial Congress of the International Ergonomics Association and the 44th Annual
Meeting of the Human Factors and Ergonomics Society, San Diego CA, USA, July 29 — August, 2000 Human Factors and Ergonomics Society, Santa
Monica, CA, USA, Volume 5.

[63] Schuldt K, Ekholm J, Harms-Ringdahl K, Aborelius U, Nemeth G. Influence of sitting postures on neck and shoulder emg during arm-hand work
movements. Clin Biomech 1987;2:126 — 139.

[64] Merletti R, Parker P. Electromyography. In: Wiley Encyclo-paedia of Electrical and Electronics Engineering, Vol. 6, 1999; 523- 540.

[65] Burdorf A, van der Beek A. Exposure assessment strategies for work-related risk factors for musculoskeletal disorders.

[66] Scand J Work Environ Health 1999;25:25- 30.

[67] Massaccesi M, Pagnotta A, Soccetti A, Masali M, Masiero C, Greco F. Investigaton of work-related disorders in truck drivers using RULA method.
Appl Ergon 2003;34: 303- 307.

[68] Mathiesson S, van der Beek A. Design of efficient measurement strategies in ergonomic intervention studies on the basis of exposure variability data. In:
Hagberg M, Knave B, Lillienberg L, Westherg H, eds. X2001—Exposure Assessment in Epidemiology and Practice. Stockholm, Swe-den: National
Institute for Working Life S-112 79, 2001; 243 245.

[69] Hoozemans M, Burdorf A, van der Beek A, Frings-Dresen M, Mathiassen S. The precision of group mean exposure explored by bootstrapping. In:
Hagberg M, Knave B, Lillienberg L, Westherg H, eds. X2001—Exposure Assess-ment in Epidemiology and Practice. Stockholm, Sweden: National
Institute for Working Life S-112 79, 2001; 246 249.

[70] Burdorf A, van Riel M. Design strategies to assess lumbar posture during work. Int J Ind Ergon 1996; 18: 239 -249.

Volume 70, Issue 12, 2022 | Page No. 53



