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44.1 Introduction

Understanding the relationships between workplace exposure parameters and the health outcomes of the

musculoskeletal system is the basis for preventing and reducing work-related musculoskeletal disorders.

Quantification of exposure parameters is critical in epidemiological studies as well as ergonomics appli-

cations. Methods used for the exposure assessment vary depending on the purpose of the applications

and feasibilities of using these methods. This chapter discusses the various exposure parameters at

workplaces related to work-related upper extremity disorders, measurement strategies, and some

exposure assessment methods used in epidemiological studies. The exposure assessment approach

used by SHARP in a large prospective study of upper extremity musculoskeletal disorders is presented

and discussed.

44.2 Exposure Parameters, Measurement Strategy, and
Measurement Methods

Workplace exposure parameters associated with the development of upper extremity musculoskeletal

disorders include work organization variables and various physical exposures of the jobs. The National

Institute for Occupational Safety and Health (NIOSH) published a critical review of the evidence for
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work-related musculoskeletal disorders of the neck, upper extremity, and low back and summarized

major findings on the various exposure parameters (NIOSH, 1997). In 2001, the National Research

Council published a comprehensive review of the evidence on work-related musculoskeletal disorders

in which they concluded that repetition, force, and vibration, as well as high job demands and job

stress, were particularly important risk factors for upper extremity disorders (Panel on Musculoskeletal

Disorders and the Workplace, 2001). They also found that modification of these factors could substan-

tially reduce the risk for these disorders.

The way work is organized and performed often determines subsequent physical/mechanical and

psychological job demands on individual workers. Work organization also encompasses the organi-

zational practices and production methods that affect job design. These include the temporal aspects

of work (e.g., work–rest schedules, work shifts, hours of work, work pacing), job content (e.g., repeti-

tiveness of tasks, use of skills, vigilance, participation in decision-making), compensation arrangements

(salary, hourly, quota, piece rate), work status (fulltime, part-time, seasonal, temporary), social inter-

actions (isolated, various levels of team work), task (single, rotating, multiple), and opportunities for

development (Kasl, 1992; Sauter and Swanson, 1996). Consideration of work organization provides

information at the group level and enables multilevel analysis. Work organizational observational

exposure assessment methods that are potentially relevant for assessing relationships with musculo-

skeletal disorders include those of Rohmert and Landau (1983), Ergonomic Workplace Analysis

(Ahonen et al., 1996), Meaning of Work (MOW International Research Team, 1987), and the Occu-

pational Stress Index (Belkic et al., 1995).

Typically, physical exposures identified in workplaces include forceful exertions (Stetson et al., 1993;

Fransson-Hall et al., 1996; Roquelaure et al., 1997), such as gripping a high force demanding hand

tool, lifting a heavy object, pushing a fully loaded cart. Non-neutral postures of hands and upper extre-

mities (Frost and Andersen, 1999; Punnett et al., 2000; Viikari-Juntura et al., 2000), such as bending the

wrist when using a hand tool and raising the hand above the head when performing a task, increase force

requirements. Highly repetitive motions of the hand, wrist, and upper arms (Veiersted and Westgaard,

1993; Blanc et al., 1996; Nordstrom et al., 1997; Punnett, 1998) are found in hand-intensive jobs such

as assembly and data entry. Some other physical demand parameters at workplaces include hand–arm

vibration, wearing gloves, and some environmental conditions such as extremely cold or hot tempera-

tures. Work organization parameters such as work methods, social content, and task pacing may also

influence the development of work-related upper extremity disorders.

Different measurement strategies may be used to meet the various needs of the exposure assessments.

For example, most cross-sectional epidemiological studies measure exposure parameters at a certain

point in time, while most prospective epidemiological studies require the quantification of the exposures

for the days, weeks, and years on the job. Thus, data collected for prospective studies should make it pos-

sible to calculate cumulative exposures. For example, a worker performs two different tasks in a workday.

Exposure from both tasks should be measured and the compound exposure for the whole day should be

calculated depending on the task distribution (time spent on the two tasks). If the worker’s exposure is

changed during the course of the study (e.g., job changes), a new exposure measurement should be per-

formed, and the accumulated exposure is then calculated. If the purpose of the measurement is to assess

exposure differences among two or several conditions, measurement can be done for each of the

conditions.

When considering the measurement strategy to be used, one should also consider the three main

dimensions of physical exposure: amplitude, frequency, and duration, rather only one single dimension.

This is because the physiological significance is dependent on the combination of these exposure dimen-

sions. Therefore, exposure quantification should include the measurement of exposure amplitude (e.g.,

level of hand force, degree of a joint angle), exposure frequency (e.g., number of exertions per minute),

and exposure duration (e.g., length of time in hours). Other aspects of physical exposure may also need

to be quantified, such as duty cycle and speed.

After deciding on the measurement strategy, one should consider the selection of exposure quanti-

fication methods to be used. There are numerous exposure quantification methods available.
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However, different methods may have different specificity, validity, and reproducibility. Depending on

the types of methods, they may also require users with varied expertise. The time and cost required

for data collection and analysis could also vary significantly.

Although risk estimation from job titles has been used as the normal exposure quantification in many

epidemiological studies, they may only give vague or invalid exposure assessment in musculoskeletal

epidemiological studies. This is because workers under the same job title could perform very different

activities due to differing technologies and machines used, individual work techniques, and work organ-

izational differences between different companies. Commonly used exposure quantification methods in

work-related musculoskeletal studies can usually be divided into the following three categories: (1) self-

report questionnaires; (2) observational methods; and (3) direct measurement techniques. Each of these

has its own strengths and weaknesses and may be used in different applications depending on the study

purposes. Figure 44.1 illustrates some general characteristics of the different methods, and can serve as a

guide for selection. In general, direct measurement with instrumentations gives the most specific and

accurate exposure estimation, but involves significant costs. This method would be impractical for

individual exposure assessment in very large populations of large-scale epidemiological studies

because of the significant resources and expertise that would be required. Self-reporting using question-

naires or interview methods can access large populations with reasonable cost, but the data, in general,

have low validity with respect to exposure level and variation. Observational methods are usually

considered to be in between the direct and self-reporting methods in terms of the different characteristics.

The following sections discuss some of the commonly used methods of the three groups.

44.2.1 Self-Report Questionnaires

Self-report questionnaires are appealing due to their relative ease of administration and low cost in com-

parison to direct measurement methods. The questionnaires can be self-administered or through inter-

views. They could be used among large population samples within a short period of time and with

relatively low cost. However, the obvious drawback is the resulting information may be potentially

less reliable and more easily influenced by environmental and personal factors. This type of method

also has low specificity so that they may not be able to detect differences between groups, which could

otherwise be detected by different exposure measurement methods. Self-report questionnaires have

FIGURE 44.1 General characteristics of the three types of exposure quantification methods. (After Winkel, J. and

Mathiassen, S.E. (1994) Ergonomics 37: 979–988. With permission.)
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been used with other methods in industry by several researchers with varying levels of success (Baty et al.,

1986; Burdorf and Laan, 1991; Holmstrom et al., 1992; Wiktorin et al., 1993; Punnett, 1998).

Self-report questionnaires tend to be both reproducible and relatively close to observational and direct

measurement for gross levels of activity (Baty et al., 1986; Wiktorin et al., 1993, 1996). Wiktorin et al.

(1996) reported acceptable reproducibility in the 0.5 to 0.8 range for questions relating to overall physical

activity, whole body working postures, and specific leisure activities. Some success has been reported in

subjective estimates of impulses or forces on the hands (Freivalds and Eklund, 1993). However, both

reproducibility and reliability dropped significantly compared to other measurement methods when

specific questions relating to bent postures and levels of loads were asked (Holmstrom et al., 1992;

Wiktorin et al., 1993). Viikari-Juntura et al. (1996) reported moderate correlation (0.42 to 0.55)

between self-reports and observations of physical workload factors such as frequency of manual hand-

ling, duration of trunk flexion, neck rotation, hands above shoulders, and squatting or kneeling. The cor-

relations, in general, were higher for those without low back pain than for those with low back pain. Pope

et al. (1998) compared results from a self-report questionnaire on physical demands (postures, manual

handling, repetitive upper limb movements) to direct simultaneous observations in six different occu-

pational settings. Agreement was good for most of the manual material-handling activities. However,

minutes of repetitive arm and wrist movements appeared to be the least accurate (overestimates).

These authors concluded that dichotomous recall is satisfactory (i.e., ever, never) and that exposure mag-

nitude recall can also be satisfactory for some risk factors.

Toomingas et al. (1997) tested the hypothesis that those who rate health outcomes high on self-reports

would also rate exposures high on self-reports, thereby biasing risk estimates. Conducting separate

analyses by age, gender, and socioeconomic status, correlations were close to zero for fixed and nonfixed

stimuli, including symptoms and physical exposures, indicating no systematic differences by rating

behavior. Punnett (1998) reported consistent findings of good comparability in estimates, when compar-

ing self-reported physical exposures with observations by researchers blinded to health status. Kerr et al.

(2001) reported good agreement between back injury cases and job-matched controls on self-reported

physical demands of the job (ICC ¼ 0.6), suggesting a lack of symptoms-related bias in estimates.

Bernard et al. (1994) compared observational analysis to self-reports of exposure among symptomatic

newspaper workers and referents. Both groups reported a longer duration of typing time (approximately

50% more) than the observational analysis. Similar results by Spielholz et al. (1999) showed consistent

overestimation of upper extremity risk factors by most individuals. These studies indicate that self-

reports may provide valuable information regarding task duration/frequency and whole body postures

but are generally neither accurate nor reliable for measurement of hand/arm exposure to risk factors in

terms of duration and frequency.

44.2.2 Observational Methods

Observational measurement methods are frequently used in field studies as a compromise between

questionnaire and direct measurement methods. Observational methods present the best compromise

for individual exposure assessment in large-scale epidemiological studies. Observational measurement

systems are usually categorized into two types: event based and time based.

Event-based methods such as the NIOSH lifting equation (NIOSH, 1994), the rapid upper limb asses-

sment method or RULA (McAtamney and Corlett, 1993), and the rapid entire body assessment method

or REBA (Hignett and McAtamney, 2000) are applied to the complete event of a task or subtask and give

a score or index to represent the risk level. This type of method, though widely used by ergonomics

practitioners for its simplicity, does not provide detailed information on changes in exposure during

task performance. Often these types of methods are used in field-based risk assessment. In addition,

no one measurement method has been widely accepted as a standard, although several are currently

being developed to fill this role.

One event-based method used as a standard is the ACGIH hand activity level (HAL) threshold limit

value (ACGIH, 2001). This method adopts the previous work of Latko et al. (1997) to set levels of
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physical exposure for the hand and the wrist. The HAL is applicable to single-task jobs, although some

approaches have been attempted to extend its use in multiple-task situations. The RULA method (McA-

tamney and Corlett, 1993) is used to assess the postures of the neck, trunk, and upper limbs, muscular

effort, and the external loads on the body. This postural exposure assessment system has been used in

several different formats and adopted for use in many different types of industries (Lueder, 1996;

Hignett and McAtamney, 2000).

Time-based methods such as OWAS (Karhu et al., 1981), VIRA (Persson and Kilbom, 1983; and

Kilbom et al., 1986), ARBAN (Holzmann, 1982), and PEO (Fransson et al., 1991) require the analyst

to observe the job performance continuously or at specific time samples during the task performance.

The analyst records the exposure changes based on predefined categories, such as, hand with weight

versus hand without weight, and neck flexion between 08 and 208 versus greater than 208. Observations

can be performed on-site with a computer or off-site where video-tapes are analyzed. Advantages of the

time-based methods are that they more closely represent the true exposure during the task performance.

The disadvantage is that it is time consuming and may also limit the number of exposure parameters that

an analyst can observe if the method is used on-site.

Video-based off-site techniques often use categorical scoring of body positions, movement frequency,

type of grip, and force based on either sampled or real-time recording (Karhu et al., 1977; Corlett et al.,

1979; Holzman-Voigt, 1979; Kemmlert and Kilbom, 1986; Keyserling, 1986; Armstrong et al., 1982). The

method employed by Armstrong et al. (1982), for example, sampled postures several times a second and

classified wrist postures into five categories: (1) neutral, (2) flexion, (3) extreme flexion, (4) extension,

and (5) extreme extension. In general, video-based analysis may be the most appropriate observational

method for risk factor quantification and definition of work activities for large-scale epidemiological

studies because it allows the analysts sufficient time to estimate the postures of the various body parts

and provides the possibility to reanalyze the data for quality control purpose.

With the availability of newer computer technologies, time studies of task performance and postural

analysis can now be carried out on computers. A recently developed multimedia video task analysis

(MVTA) system (Yen and Radwin, 1995) is able to set accurate time codes on videotapes and perform

time analysis on various time-based events (e.g., tasks, postures, and hand exertions). With its flexible

design, users can set their own parameters to be studied (e.g., tasks, wrist flexion and extension postures,

hand exertions) and define their own categories of the different parameters (e.g., for the parameter of task

with two levels: computer keyboarding and writing notes; for the parameter of wrist flexion/extension

with four categories: flexion 0 to 308, flexion .308, extension 0 to 308, and extension .308). A drawback

of this type of analysis is that the analyst has no control on the angles of observation, and has to depend

on the quality of the videotapes. Therefore, to obtain reliable and adequate exposure information, it is

important to take good-quality video. Another disadvantage with the computer-based observation

systems is that one cannot obtain direct measurements such as object weight and forces required to

operate a tool while the analyst is sitting in his or her laboratory. In contrast, when the observation is

done on-site, the analyst can most often communicate or interact with the operator to obtain the infor-

mation. Therefore, if the analysis is performed off-site, it is important to obtain the required information

on-site and be prepared for use in the off-site analysis.

Falling within the scope of observational field methods are methods based on workloads. These

methods define a system of quantifying an overall load score (Helliwell et al., 1992) or classify

workers into classes based on work levels (Nathan et al., 1993). The Strain Index developed by Moore

and Garg (1995) identified six risk factors, each given a categorical 1 to 5 score, that give an overall sever-

ity index (SI) score when multiplied together. This tool has been used in meatpacking and has shown

data that support its validity in predicting morbidity (Moore and Garg, 1995). Although the Strain

Index method was originally designed for single-task jobs, the authors have made attempts to extend

this method to multiple-task jobs.

Force quantification often presents a problem in observational methods. Hand force cannot be seen.

Consequently, it must be estimated, which can be achieved using several methods. A simple dichotomous

classification of either high or low force has commonly been used, typically using manipulation of a
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4-kg object or its equivalent force for power grip or 1-kg object or its equivalent force for pinch grip as

the determinants of class (Silverstein et al., 1987; Stetson et al., 1991). Several researchers have used a

modified Borg scale, which classifies an expert estimate on a 10-point categorical scale ranging from

zero to maximal exertion (Borg et al., 1985; Lloyd et al., 1991). Another approach is to estimate the

tendon force based on hand geometry, assumed friction, and object weight (Helliwell et al., 1992).

Despite the provision of an actual force value, this method relies on the estimation of every factor

and may not be any more reliable than scaling techniques. A continuous method used by Latko

(1997) employs expert consensus rating of average and peak force on 10-cm visual–analog scales. Repro-

ducibility estimates of this method have been between 0.6 and 0.8, showing promise as a continuous

scaling method.

Psychophysical studies use a subject’s perception of sensation to measure a factor of interest. This has

been applied in the field of exposure observation. Snook et al. (1995) developed guidelines for hand/

wrist flexion and extension based on psychophysical studies. Analysts observe the hand/wrist postures

during task performance and give subjective ratings on the postures. Previously, Snook (1978) also

used perception of object weight to develop acceptable guidelines for lifting based on location, lift

frequency, and weight. A more recent method developed by Latko et al. (1997) employed expert

group rating of physical components of work on visual–analog scales. This study evaluated the use of

rating several risk factor exposure metrics on continuous visual–analog line scales. The technique

shows great promise in terms of reproducibility and reliability of quantifying hand activities (Latko

et al., 1997). These scales have been incorporated into primary measurement methods of the American

Conference of Government Industrial Hygienists (ACGIH, 2001) TLV on hand activity.

Although there have been major advances in observational methods and they have been widely used in

musculoskeletal epidemiological studies, some drawbacks exist. One of the major drawbacks is that the

observational methods are based on the subjective judgment of the individual analyst. Some variations

within and between analysts are unavoidable. Measures to reduce such variation should be taken.

Another common problem associated with observational methods in epidemiological studies is that

different researchers have used different predefined exposure categories. This makes it difficult to

compare results from different studies.

44.2.3 Direct Measurement Methods

Direct measurement aims to provide the standard by which the validity and reliability of all other

methods are measured. However, much work remains in developing accurate systems that can be used

in the field to measure posture, motion, and force. The two most commonly used methods to

measure posture and motion, electrogoniometry and video-based motion tracking systems, have only

recently been used in field studies for the upper extremities (Hägg et al., 1997). This is in large part

due to issues of feasibility and measurement error.

Video motion tracking systems, which typically operate by using computer-aided edge detection to

follow markers placed on a worker, are not widely used in the field due to feasibility issues. In order

to perform unobstructed tracking in three dimensions, the worker must be in view of three cameras.

This, however, does not eliminate the analysis of many obstructed-view estimations and makes recording

of dynamic work or work inside enclosures impossible, as work is often performed outside the field of

view of the cameras.

Electrogoniometers, physically placed on the hand/wrist and forearm, do not have the obstructed-

view problems associated with video tracking, and systems have been developed which may easily be

used in the field (Moore et al., 1991). Continuous angle recordings may be analyzed to determine the

length of time in specified body postures, repetitiveness of motion, and angular velocity and acceleration

(Marras and Schoenmarklin, 1993; Radwin et al., 1993). However, measurement error largely due to

cross-talk between recording channels has been a pervasive problem in past studies (Moore et al.,

1991; Buchholz and Wellman, 1997). Cross-talk can be thought of as the bias created by the distortion

of the resistive strain gauges in the electrogoniometers by movement on one or both of the axes.
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Several researchers have evaluated electrogoniometers and the introduction of significant cross-talk

in flexion/extension measurements and deviation measurements from extreme forearm rotation

(Armstrong et al., 1993; Smutz et al., 1994; Buchholz and Wellman, 1997; Roberts, 1997).

Researchers have developed procedures that may reduce errors caused by cross talk (e.g., Smutz et al.,

1994; Buchholz and Wellman, 1997; Roberts, 1997). These results show promise for the use of an electro-

goniometer and electrotorsiometer in tandem to measure motions and allow for error correction.

Researchers appear to agree that an electrotorsiometer and electrogoniometer can be used in a telemetric

system to perform angle measurements with errors less than 58 (Armstrong et al., 1993; Smutz et al.,

1994; Buchholz and Wellman, 1997).

Force exerted by muscle groups is commonly measured by force transducers placed in the line of action

or by the use of surface electromyography (EMG) (Armstrong and Chaffin, 1979). Force transducers may

provide accurate information if specific conditions exist where their placement does not affect the work.

EMG has become relatively easy to perform in the field with the use of disposable surface electrodes

and portable measurement devices (Winkel and Gard, 1988; Hägg et al., 1997). Typically, EMG data may

be measured and analyzed for either physical signs of fatigue or for comparison of static force levels

(NIOSH, 1992). Electrodes transmit motor unit action potentials from the underlying muscles. These

signals, when root-mean-square (RMS) transformed or integrated, have shown a linear or exponential

relationship (r2 . 0.90) to developed static force (NIOSH, 1992).

Direct estimation, an alternative to EMG for calculation of hand force, can be classified as a direct

measurement method. Field practitioners and consultants commonly use this method to obtain job

force requirements. Direct estimation can be done simply by measuring the force requirements of a

tool or piece of equipment with a force gauge. When this is not possible, estimation of force can also

be accomplished through the reproduction of the exertion on a force gauge in the same orientation

and type of grip as performed by a worker. Kingdon and Wells (2000) conducted a laboratory study

on the accuracy of matching a manual gripping force using a hand dynamometer. Initial findings

have shown that force matching may be relatively accurate and consistent at lower force levels. A

study published by the Safety & Health Assessment & Research for Prevention (SHARP) program on

113 government workers showed that with the use of a hand dynamometer, the force matching

method can be quite accurate and consistent in estimations of power grip force and pinch grip force

(Bao and Silverstein, 2005). These results support the use of this method as an alternative to more

time-consuming and expensive instrumentation techniques for quantifying hand force levels in large

epidemiological studies.

In conclusion, no method is perfect and different methods may be used in different situations for

different purposes. Direct measurement using current techniques represent the most accurate and

reliable exposure assessment method. Work by Spielholz et al. (1999) comparing self-reports, video

observation, and direct measurement showed that video observation may have approximately 30%

more error than direct measurement in some risk factor measurements. Direct measurement would

be the preferred method given unlimited resources; however, modern video observation techniques

have the advantage of providing larger numbers of evaluated participants due to less time-consuming

data collection and analysis.

Due to the population size requirement of most epidemiological studies, direct measurement of all

participants would require resources well beyond what is available from a granting agency. Video-

based observational assessment in combination with direct measurement and estimation of forces is

the only method that would allow measurement of all participants with an acceptable level of accuracy

and reliability. Additionally, discrimination calculations by Spielholz et al. (1999) show that the estimated

tenfold increase in number of measured participants (100 to 1000) possible with video-based techniques

over direct measurement will give a more accurate exposure assessment at the group level despite the

increased measurement error. For these reasons, video-based observation and direct force estimation

techniques used previously by the SHARP (1999) program were chosen as the primary exposure asses-

sment method in a large prospective study of upper extremity musculoskeletal disorders conducted by

SHARP (referred to as the SHARP Study in the subsequent text).
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44.3 SHARP Study Exposure Assessment Methods

The “SHARP Study” involves health assessments (structured interview, physical examination, nerve

conduction studies, and psychosocial questionnaires) and exposure assessments (collected by different

teams blinded to either health or exposure status) of workers at 13 different worksites, collected at base-

line and 4-month intervals over 3 yr. Work organizational factors are collected at the departmental level

by the exposure assessment team. If there is a significant job change, exposure assessment is repeated. In

the following sections, the exposure assessment methods used in the SHARP Study will be presented and

discussed. The discussion starts with job sampling followed by on-site data collection, and then discus-

sions of the various exposure assessment methods (e.g., job analysis, posture analysis, repetitive exertion

analysis, repetitive movement analysis, and work organization measurement).

44.3.1 Job Sampling

It is impractical to follow a worker for a whole workday to document his or her exposure at the job for

large-scale epidemiological studies with a large population. If one has to follow each of 1000 subjects for

8 h to document exposure, the total measurement time for just the baseline would be 8000 h. This is not

feasible for most epidemiological studies. However, it is also important to obtain exposure measurements

for individual workers. Many previous studies used a group exposure measurement approach. This is

done by measuring exposure among a small number of subjects in a specific job or job category and

assuming the same exposure for the whole group. The large within-group variance in some exposure

parameters could unravel specific risk factors for work-related musculoskeletal disorders (Fallentin

et al., 2001). Individual exposure assessment is the alternative. For this type of assessment some sort

of job sampling method is necessary to obtain exposure measurement over a short period of time

during a representative workday. Job sampling has been a common procedure in industrial engineering

time studies. The requirement for job sampling is that exposure results taken from some short periods of

time can be used to represent the whole day exposure with reasonable accuracy.

Job samples should be taken from a typical workday where the employee performs his or her usual type

of work at a normal pace without any restrictions by process limitations. This is usually confirmed at the

beginning of the measurement period by asking supervisors and workers.

In the field of industrial engineering, the length of observation or the number of cycles that should be

studied in order to arrive at an equitable standard is a subject that has caused considerable discussion

among time study analysts as well as union representatives (Niebel, 1988). Since the activity of the

job, as well as its cycle time, directly influences the number of cycles that can be studied from an eco-

nomical standpoint, one cannot be completely governed by the sound statistical practice that

demands a certain size sample based on the dispersion of the individual element readings. There are

no generally agreed upon criteria for recording length or number of cycles in epidemiological studies.

Most often, common practice, personal judgment, and available resources play a more important role

than strict statistical procedures in determining the number and length of job samples. In the SHARP

Study, the recording time was determined after reviews of other similar studies and feasibility consider-

ations based on available resources.

As in many industries, workers can be assigned to different tasks during a workday. For example, an

electronic assembly worker can be assigned to an assembly task for 6 h and a packaging task for 2 h in an

8-h workday. Therefore, job samples are usually taken at the task level, instead of at the job level. When a

task is cyclic (i.e., repetition of the same activities), the exposure variation within a single task is usually

smaller than between different tasks. Some tasks may have no repetitive pattern, that is, activities may not

be repeated regularly and can happen at different times of the day without any specific patterns. This type

of task can be labeled as a noncyclic task. Exposure variation within this type of task is usually large.

Exposure measurement obtained from a continuous job sample of this type of task may not represent

the real exposure of that task. Therefore, a different approach may need to be considered. A common
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sampling practice for noncyclic tasks is to take a number of random samples during the task performance

period.

The job sampling approach used in the SHARP Study is based on whether the job is a single-task job or

a multiple-task job, and the tasks are cyclic or noncyclic (Figure 44.2). The first step is to determine

whether the job is a single-task job or a multiple-task job and, secondly, to determine if each task is

cyclic or noncyclic. For a cyclic single-task job, a continuous 15-min job sample is taken for the exposure

measurement purpose. For a noncyclic single-task job, three 5-min job samples are taken randomly

during the workday. This attempts to obtain good equitable exposure measures for this type of job

and capture the fluctuations of the exposure during a workday. The total job sample length for a

single task job is 15 min for both cyclic and noncyclic task jobs.

For multiple-task jobs (more than one task is performed during a workday), a different job sampling

method is used for both cyclic and noncyclic tasks. A 10-min job sample is taken for each of the cyclic

tasks and two 5-min job samples are randomly taken from each of the noncyclic tasks in a multiple-task

FIGURE 44.2 Job sampling strategies depending on the type of tasks and jobs.
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of exposure) all exposure will be 
time-weighted in the analysis.

(Jobs with more than 4 tasks will not 
be selected for the study)

Cyclic and noncyclic 
tasks

10 minutes (or at least 2 
cycles whichever is longer) 

video recording for each 
task (max: 4 × 10 min)

Noncyclic task

Noncyclic task

Cyclic task

2 five minutes video recording 
for each task (max: 2 × 2 × 5
min) or as the single task 
situation if long cycle task

Single task job: Total 15 
minutes video recording/per 

subject for analysis

3 × 5 min 
recording

1 ×15 min 
recording

max: 4 × 10
min 

recording

max: 
4 ×2 ×5 min 
recording

Multiple task job:  Maximal total 
video recording of 40 minutes
per subject to be analyzed

(limit multiple task jobs to less than 
Multiple task job

25% of the total subjects)



job. Depending on the number of tasks, the total length of the job samples is longer in a multiple-task job

than that in a single-task job.

For practical purposes, it may be necessary to limit the number of multiple-task jobs in a large epide-

miological study as the amount of time needed for data collection, processing, and analysis is much

longer in multiple-task jobs than that in single-task jobs. In many industries where manual activities

are dominant, a common practice is to rotate workers between different tasks. Rotations commonly

occur at break times. In the SHARP Study, jobs with more than four tasks were excluded.

44.3.2 On-Site Data Collection

After the job sampling strategy is determined, jobs are documented and data are collected on site.

Depending on the types of analysis, data collection can be done through interviewing workers, super-

visors, and other plant personnel, examining production data logs, performing on-site observations,

video filming jobs for further analysis, and collecting direct measurements of relevant parameters.

Often a combination of these methods is used. As an example, an on-site data collection form used in

the SHARP Study is shown in Figure 44.3.

Before taking any exposure measurements, work hours and days, job change information, and task

distribution information (task rotation schedule and number of hours at each task) are obtained from

FIGURE 44.3 Sample of SHARP study’s on-site data collection form.
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interviewing workers and supervisors. Jobs are then video filmed according to the job sampling strategy

discussed previously. Two synchronized cameras are used in order to capture both sides of the body while

the worker is performing tasks. The camera crews should be well coordinated so that when the worker

moves the cameras should be moved accordingly in order for at least one camera to capture both sides of

the body. This will help the off-site data processing in the laboratory.

During the observation period, forces applied in the task are noted and later measured. As it is not

feasible to measure all forces that the worker applies in the task, a subjective determination of “significant

force” is made. Operationally, when one of the ergonomists considers that the force is obvious and may

be of importance to the exposure, the force data will be collected. This is similar to most ergonomics

consultations where an ergonomist takes measurements he or she thinks necessary. Conceptually, a “sig-

nificant force” is defined as a lifting force of �0.9 kg, a pinch grip force of �0.9 kg, a power grip force of

�4.4 kg, and a push/pull force of �4.4 kg. The force value is not known until measured. Therefore, in

practice, forces that are lower than the defined levels are sometimes measured. A lifting force is measured

by the object weight. This is typically measured by using a force gauge or a weight scale. Object weights

can also be obtained from the company. A push/pull force is also measured using a force gauge. For prac-

tical purposes, no distinction is made between push and pull forces, though they may have different phys-

iological impacts. Additionally, both lifting weight and push/pull force are also estimated by an

ergonomist using a 1 to 10 rating scale. A pinch or power grip hand force is measured using the force

matching method (Bao and Silverstein, 2005). This is done by asking a subject to recreate the amount

of force he or she uses in the task on a force dynanometer using similar hand/wrist postures. This

process is repeated three times, and the median of the three is used in the analysis. Borg ratings by sub-

jects and researchers are also collected for force applications (CR-10, Borg, 1982). Different measurement

methods are used for the same exposure parameters in order to study the differences and similarities

between the different methods.

Other observed parameters, such as the HAL, and parameters for computing the Strain Index (i.e.,

duration of exertion, efforts/min, hand/wrist posture, speed of work, and duration per day) are also col-

lected during the on-site data collection period. This allows several event-based exposure estimations to

be made.

If the worker uses vibrating tools, the tool information is collected. This is used to crudely estimate

vibration exposure to the worker.

It is important to ensure that the data collection process of the on-site analysis does not interfere with

the normal performance of the task. Some workers may have the tendency to modify their performance

in front of video cameras. This must be discouraged. At the end of the data collection, it is also important

to check the completeness of the data and be sure all data are collected properly.

44.3.3 Job Analysis (Significant Force Analysis)

Job analysis is done in the laboratory and is based on the video recording and data collected at the work-

site. The purpose of this analysis is to obtain the frequency and duration of significant forces. This can be

done by performing time studies on the recorded tasks. A software program called MVTA (multi-video

task analysis), developed by the University of Wisconsin (Yen and Radwin, 1995), is used in the SHARP

certain event (activities of various significant forces) occurred. Significant forces are listed in the right

panel. The video window shows the recorded task performance. The analyst can use any video clip

from the two synchronized cameras to obtain the best view for the analysis. Time-line marks are inserted

at the time when significant forces occur. The analyst may often play the video at normal speed first in

order to understand the task activity contents and then play the video in slow motion mode to set the

event marks.

that at recorded cycle #3, the worker lifted an object of 56 lb for a duration of 142 frames (or 4.7 sec) and

spent 286 frame time (or 9.5 sec) performing other activities where no significant force was applied.
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Study. A typical data processing screen is shown in Figure 44.4. The record shows a time line where a

After the data processing, a time-study report can be generated. For instance in Table 44.1 it is shown



With the time-study report, a summary statistics report can be produced where average duration, per-

centage of time, and frequency of the various significant forces can be calculated as follows:

Average duration (sec) ¼

P
Duration of individual exertions

Total number of exertion cycles

% Time ¼

P
Duration of individual exertions

Total recording time
� 100%

Frequency of exertion (times=min) ¼
Total number of exertions

Total recording time

When the worker is involved in the use of vibrating tools during task performance, the vibration

exposure needs to be quantified. Theoretically, vibration levels should be measured during task perform-

ance. However, vibration measurement requires sophisticated instrumentation and enormous resources.

FIGURE 44.4 A typical time study on significant forces.

TABLE 44.1 A Typical Time-Study Report of Significant Forces

Time-Study Report

Event # Event Elements

1 Other activities

2 Lifting an object of 56 lb

3 Use a drill with 16 lb grip force

4 Push cart with 30 lb force

Time Units in Frames

Cycle Other Activities Lifting an object of 56 lb

Use a Drill with

16 lb Grip Force Push Cart with 30 lb Force

1 270 42

2 198 61

3 286 142

. . . . . . . . . . . . . . .

66 92 75

67 110 124

68 272 38

69 212 49
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In the SHARP Study, it is not possible to perform accurate vibration measurements while also collecting a

large amount of other physical exposure parameters for each of the subjects. The alternative is to obtain

the declared vibration values of the tools that the workers use, and then perform a time study on the

video recordings to measure the actual time that the vibration tools are activated. This estimation

may not reflect the real vibration exposure of the workers, as other factors such as tool balancing,

work surface conditions, and individual work techniques can influence the true vibration level, but it

can give an estimation of the vibration exposure.

44.3.4 Posture Analysis, Event Based vs. Time Based

Posture analysis is based on observations of recorded tasks as well. There are two types of posture ana-

lyses, “event based” and “time based.” For “event-based” posture analysis the overall postures (the most

common posture and the worst posture) for the different body parts when performing a specific task are

determined. In “time-based” posture analysis, postures are measured at a particular time for a specific

task. There are two types of analyses for the time-based posture analysis: (1) continuous observation

and (2) time-sampled observation.

In the continuous observation, the analyst observes the postures of the different body parts continu-

ously, and marks down the changes whenever the body part moves from one predefined angular category

to another. This analysis allows the determination of the distribution of the angles of the different body

parts and the movement frequency between the different predefined angular categories. However, this

type of analysis is very time consuming, particularly when there are several predefined angular categories

for each body part. Also, it is very difficult to observe several body parts simultaneously. Therefore, the

analyst must play the video several times in order to complete the analyses for the different body parts. In

the time-sampled observation of the time-based posture analysis, the analyst observes the postures at a

number of preselected times during the task performance, and a distribution of the postures is calculated.

Although this method significantly reduces the data processing time, it is not possible to obtain inform-

ation about repetitive movements of the different body parts in combination with the postures.

In the SHARP Study, both event-based and time-based posture analyses are used. One of the reasons

for using both methods is to compare results obtained by the two methods. However, due to the large

amount of data processing and analysis in this project, only the time-sampled observation method is

used for the time-based posture analysis, rather than the continuous observation approach.

results can then be calculated and used for epidemiological modeling. An illustrative distribution

to job B and workers at job B maintain more neutral wrist postures compared to workers at job

A. Depending on the need of the epidemiological analysis, some of the predefined angular categories

may be consolidated.

Using the event-based posture results, one can also calculate certain indices for the different body

parts, such as the RULA scores. To obtain the final RULA score, apart from the posture results, additional

information such as forces and muscle use should also be obtained. Details on the computation of RULA

scores can be found in relevant articles (McAtamney and Corlett, 1993).

In the time-based posture analysis, postures of the same body regions used in the event-based posture

analysis are measured. However, instead of giving overall estimated posture values for an entire task

(event), postures are estimated at certain points of time during a task performance. In the SHARP

Study, postures are estimated for numerous randomly selected frames during a 15-min task recording

(75 frames for a single-task job, 80 frames for a two-task job, 90 frames for a three-task job, and 100

frames for a four-task job). To lower individual analyst variation, the frames are assigned to two analysts

for processing.

One of the potential problems with predefined angular categories is that the analyst may be biased by

the nature of the job. For instance, when a posture is on the threshold of two predefined angular

categories (e.g., posture is approximately 308 while the categories are 0 to 308 and 30 to 608), the
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result is shown in Figure 44.5, where job A seems to have more wrist extensions and flexion compared

In the event-based posture analysis, predefined postures are used (Table 44.2). Posture distribution



analyst may assign the worse posture category to the subject when he or she thinks the job is hazardous,

or vice versa. To overcome this problem, in the SHARP Study, a continuous angular scale was used

during data processing (posture estimate) and then the data were categorized later during the analysis.

In order to make the continuous scale for the posture estimate, a special data processing program has

shown from two camera angles (pictures are just for illustrative purpose in the figure and does not

represent the actual analysis) at a preselected video frame. The analyst observes the posture and estimates

the approximate locations of the body parts by clicking on the posture diagrams. The continuous angle

data are automatically entered into a database.

From the raw posture data, posture distributions can be computed based on pre-defined angle

categories (e.g., Job A: 15% of time wrist posture is .458 extended, 67% of time wrist posture is

TABLE 44.2 Predefined Angular Categories for the Different Body Parts

Trunk Trunk flexion–extension Trunk lateral flexion Trunk twisting

,08 (extension) 0 to 108 0 to 108
0 to 208 (flexion) 10 to 308 10 to 458
20 to 608 .308 .458
.608

Neck Neck flexion–extension Neck lateral flexion Neck twisting

,08 (extension) 0 to 108 0 to 108
0 to 208 (flexion) 10 to 308 10 to 458
.208 .308 .458

Upper arms Upper arm flexion–extension Upper arm abduction–adduction Upper arm rotation

,08 (extension) ,08 (adduction) ,08 (outward)

0 to 208 (flexion) 0 to 308 (abduction) 0 to 158 (inward)

20 to 458 30 to 608 15 to 458
45 to 908 60 to 908 .458
.908 .908

Shoulders and Shoulder raise Arm supported Elbow flexion

elbows Yes or no Yes or no ,08 (extension)

0 to 208 (flexion)

20 to 608
60 to 1008
.1008

Forearms and Forearm rotation Wrist flexion–extension Wrist ulnar–radial deviation

wrists 2180 to 2908 (supernation) ,2458 (extension) ,2158 (radial)

2 90 to 08 (supernation) 245 to 2158 215 to 258
0 to 908 (pronation) 215 to 08 25 to 08
90 to 1808 (pronation) 0 to 158 (flexion) 0 to 108 (ulnar)

15 to 458 10 to 208
.458 .208

FIGURE 44.5 Distribution results of event-based posture analysis (n — number of subjects).
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Wrist flexion and extension (worst posture)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Job A (N = 216)

Job B (N = 235)

Extension  >45° Extension 15° to 45° Extension  0° to 15°

Flexion  0° to 15° Flexion 15° to 45° Flexion >45°

been created. One of the data processing screens is shown in Figure 44.6. In this screen the worker is



between 458 extension and 158 flexion, and 18% of time wrist posture is .158 flexion; Job B: 8% of time

wrist posture is .458 extended, 82% of time wrist posture is between 458 extension and 158 flexion, and

10% of time wrist posture is .158 flexion). Depending on the epidemiological analysis needs, alterna-

tively, the descriptive statistics for individual subjects such as mean, median, 95% percentile of the pos-

tures can also be calculated.

44.3.5 Repetitive Exertion Analysis

In the SHARP Study, hand exertion is defined as any physical effort of the hand when performing a task

activity. This is different from the significant force applications, which may not include all hand exer-

tions. This analysis is another way to capture exposure on hand activities. The purpose of this analysis

is to calculate the frequency of exertion (or cycle time of exertion), duration of exertion, and exertion

duty cycles (% exertion). In the SHARP Study, this analysis is done using the MVTA time-study

program (Yen and Radwin, 1995). In this analysis, completed in the laboratory, each hand is analyzed

separately. Videotapes may be played at normal speed in order for the analysts to understand the contents

of the task activities and played in slow motion mode in order for the analyst to capture the exertions.

To reduce processing time, particularly when the tasks are of a very repetitive nature, the analysis is

done on five to six randomly selected 1-min intervals of the recorded task instead of the whole video

recording.

hands are analyzed separately. From this analysis, a raw data report, containing durations of individual

exertion and nonexertion events, can be generated. The raw data report can be used to calculate the

following:

Average duration of exertion (sec) ¼

P
Duration of individual exertion

Number of exertion cycles

Average cycle time (sec) ¼
Total recording time

Number of exertion cycles

FIGURE 44.6 Time-based posture analysis using continuous angular scales (data do not represent the actual angle

measurements).
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A typical repetitive exertion MVTA analysis window is shown in Figure 44.7. The left and right
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or

Average frequency of exertion (times=min ) ¼
Number of exertion cycles

Total recording time

Average duty cycle (%)

¼

P�
Individual exertion=(Individual exertionþ individual nonexertion)

�

Number of exertion cycles
� 100%

44.3.6 Repetitive Movement Analysis

Repetitive movement analysis quantifies the frequency of movements of a specific joint. In the SHARP

Study, shoulder movements are quantified through a time study of the recorded tasks using the MVTA

program (Yen and Radwin, 1995). Two events are defined to distinguish the directions of the shoulder

(the upper arm) movements. A complete movement cycle is defined as movement of the upper arm

from one direction to another. Again the left and right shoulders are analyzed separately. Average

frequency of the shoulder movement can then be computed based on the raw data report generated

by the MVTA program:

Average frequency (times=min ) ¼
Number of movement cycles

Total recording time

44.3.7 Work Organization Measurement

The SHARP Study is associated with the NIOSH Research Consortium on Work-related Musculoskeletal

Disorders, along with other U.S. research groups. One of the first collaborative efforts of the consortium

was to develop an observational assessment tool for work organization characteristics adapting elements

from AET (Rohmert and Landau, 1983), EWA (Ahonen et al., 1996), and VERA (Volpert et al., 1989).

FIGURE 44.7 A typical repetitive exertion analysis screen in MVTA.
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SHARP has been using this checklist (Figure 44.8) at the departmental level during baseline exposure
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assessment. Prior to specific physical job demand parameter observations, supervisors and workers are

queried about the number and type of tasks and their usual duration, rotation patterns, and upset

conditions. The ergonomist observes the department that the worker is in for environmental factors,

demographic segregation, work method, social content, pacing, positioning, preparation for action, flexi-

bility, attentiveness demands (adapted from EWA; Ahonen et al., 1996), responsibility for the safety of

FIGURE 44.8 A sample of work organization checklist used in the SHARP study.
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others, and job content. During subsequent visits, changes to the work organization are documented

using the checklist.

The annual worker questionnaire interview inquires about duration on the current job, shift, hours and

days of work, overtime schedules, the number of days off in the last week and month, changes in the pre-

vious 4 months in tools/equipment, parts made, workstation/area, tasks, rotation pattern, pace. Changes

in these parameters are queried every 4 months. Annual self-administered questionnaires include ques-

tions about job demands, decision latitude, social support, job satisfaction, job security, and motivation.

FIGURE 44.8 Continued.
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It should be noted that there is high correlation between this observational assessment of work organi-

zation and worker assessment of psychosocial demands. There is also high correlation between job

content identified on this checklist and HAL.

44.4 Summary

The SHARP Study uses a variety of exposure assessment approaches at the individual level and the more

global level, incorporating worker estimates (force matching, job content, psychosocial demands, social

support, work scheduling), direct measurement (significant push/pull, lifting, pinch and grip forces),

observational methods of physical demands (upper extremity postures and motions in terms of ampli-

tude, frequency, and duration), and departmental-level measures of work organization. These data

collection methods allow us to input variables into existing event-based and time-based exposure assess-

ment methods (RULA, REBA, HAL, Strain Index) as well as to add precision to estimates of risk based on

more quantitative time-based methods. It is hoped that these detailed exposure assessment methods used

by ourselves and others in prospective studies will ultimately lead to more efficient and easy-to-use

exposure assessment methods for practitioners.
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Kemmlert, K. and Kilbom, Å. (1986) Method for the Identification of Musculo-skeletal Stress Factors which

may Have Injurious Effects — PLIBEL. Solna, Sweden: National Board of Occupational Safety and

Health, Research Department, Work Physiology Unit.

Kerr, M. S., Frank, J. W., Shannon, H. S., Norman, R. W., Wells, R. P., Neumann, W. P., and Bombardier, C.

(2001) Biomechanical and psychosocial risk factors for low back pain at work, Am J Public Health

91 (7): 1069–1075.

Keyserling, W. M. (1986) Postural analysis of the trunk and shoulders in simulated real time, Ergonomics

29: 569–583.
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