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Aims: (1) To find a universal strategy for the identification of specific demands of a job or task, focus-
ing on occupations in which there may be an increased risk for health complaints owing to these spe-
cific demands. (2) To select reliable and valid tests concerning lifting, pushing, and pulling, which
consider the relation between occupational work demands and the assessment of the maximally
acceptable load on an individual level.
Methods: Literature search was performed using Medline (1988 to May 2001), Embase (1966 to
May 2001), and NIOSHTIC (1971–98).
Results: No universal strategy was found for the definition of specific occupational demands. There-
fore a “three step strategy” was formulated for defining specific occupational demands in a job or a
task in order to prevent health complaints on an individual level. Many tests were found in the literature
concerning lifting, but only a few concerning pushing and pulling. None of the tests concerning push-
ing, pulling, or lifting considered the relation between work demands and the assessment of the maxi-
mally acceptable load on an individual level. Furthermore, none of the tests met the criteria of reliability
and prognostic value for musculoskeletal complaints completely. Only for the prognostic value of rela-
tive strength capacity tests concerning pushing pulling and lifting, did there appear to be limited proof
for the development of musculoskeletal complaints.
Conclusions: In general, for the prevention of work related health complaints, it can be suggested that
more attention should be paid to: (1) the definition of specific occupational demands; (2) the assess-
ment of specific occupational demands; and (3) the quality of tests for specific occupational
demands.

Despite the development of modern technology, extensive
automation, mechanisation, and work related interven-
tions, many occupations still require manual material

handling activities (MMH) such as pushing, pulling, and lift-
ing. Pushing, pulling, and lifting pose physical stresses to the
individual. These are manifested as strains on the musculo-
skeletal and cardiovascular systems. If the strain causes
physical overload, it may result in the development of discom-
fort, fatigue, or musculoskeletal injuries or disorders. Several
studies have reported pushing, pulling, and lifting as risk fac-
tors of back, neck, and shoulder complaints.1–6 It is generally
believed that the prevention of health complaints necessitates
focus on specific risk factors of the job and implementation of
preventive measures, such as engineering modifications (for
example, workstations) or changes in the organisation of the
work (for example, work/rest schedules or job rotation). How-
ever, despite existing preventive measures and the general
knowledge of pushing, pulling, or lifting as risk factors, a uni-
versal strategy for the identification of specific demands of the
job or task is needed for prevention of health complaints at the
individual level. In summary, these specific occupational
demands can be defined as work demands that are risk factors
for the development of occupational health complaints with
respect to a specific job.

When pushing, pulling, or lifting are identified as specific
physical occupational demands, it is important to test the
maximally acceptable load of the individual worker at risk,
concerning these activities, for prevention of health com-
plaints on an individual level. Tests concerning the specific
occupational demands “lifting”, “pushing”, and “pulling” can
be part of pre-employment testing or a periodic health
surveillance for a specific job. For health surveillance, to assess

the individual risk appropriately, consideration of the quality

of tests is important. Tests for assessment of specific

occupational physical demands should meet criteria of

reliability, prognostic value for health complaints, and content

validity. Content validity refers to the test’s ability to measure

the daily performed occupational work demands. Tests

concerning pushing, pulling, or lifting should consider both

the work demands, for example, tasks and activities, as well as

the maximally acceptable individual load. The first goal of this

study is to identify and evaluate a strategy, focusing on occu-

pations in which there may be an increased risk for health

complaints owing to specific occupational physical demands.

The second goal is to select tests concerning lifting, pushing,

and pulling, which consider the relation between work

demands and maximally acceptable load on an individual

level, and are reliable and valid.

In summary the present literature study addresses the fol-

lowing questions:

(1) Is there a strategy for defining the specific occupational

demands in a job or task?

(2) Which tests are available for the assessment of the

individual risk to prevent health complaints resulting

from lifting, pushing, and pulling?
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(3) Which tests consider the relation between work demands

and the maximally acceptable load on an individual level

(content validity)?

(4) What is the reliability (test-retest) and prognostic value

for musculoskeletal complaints of these tests?

METHODS
A systematic literature search
Two systematic literature searches were performed on: (1)

definition of specific occupational demands; and (2) assess-

ment of the individual risk concerning lifting, pushing, and

pulling. These searches will be elaborated below.

Search 1: Definition of specific occupational demands
To find a strategy for the definition of specific occupational

demands a literature search was performed using Medline

(1988 to May 2001), Embase (1966 to May 2001), and

NIOSHTIC (1971–98). Combinations of the following key-

words were used to identify relevant studies: occupational

demands, physical demands, specific, job, task, risk factors,

external exposure, occupational diseases, musculoskeletal

diseases, prevention, strategy.

Inclusion criteria
The following inclusion criteria were applied:

• Articles, reports, or books had to be written in Dutch or

English.

• Articles, reports, or books on a strategy for the definition of

specific occupational physical demands had to consider

exposure to occupational work demands. In this literature

study work demands that are risk factors for the

development of occupational health complaints are defined

as specific occupational demands.

Search 2: Assessment of the individual risk concerning
pushing, pulling, and lifting
The literature was searched for tests that assess the maximally

acceptable load on an individual level, concerning pushing,

pulling, and lifting. To select tests a literature search was per-

formed in the same databases as mentioned previously. The

following keywords were used: pushing, pulling, lifting, com-

bined with muscle strength, tests, testing, assessment, evalu-

ation, work capacity, functional capacity evaluation, mechani-

cal (load), physical (load), energetic (load), workload,

psychophysical, low back complaints, low back pain, neck

pain, shoulder pain, guideline, validity, reliability, prognostic

value. Furthermore, experts in the field were asked for infor-

mation or literature on the assessment of the specific occupa-

tional physical demands concerning pushing, pulling and lift-

ing. The “snowball” method was used to identify relevant

references in the articles and reports retrieved. According to

the snowball method, the references of each report or article

found by the electronic search were searched manually for

more articles on tests concerning lifting, pushing, and pulling

meeting the inclusion criteria.

Inclusion criteria
The following inclusion criteria were applied:

• Reports, articles, or books had to be written in Dutch or

English.

• Reports, articles, or books on assessment of the individual

risk concerning pushing, pulling, and lifting had to describe

tests for the assessment of individual maximally acceptable

load, concerning these activities.

Evaluation of the available information on tests
All available information on (1) consideration of the relation

between work demands and maximally acceptable load in the

tests (content validity), (2) reliability of tests, and (3)

prognostic value of tests concerning pushing, pushing, and

lifting was gathered and classified according to the mode of

testing—that is, static or dynamic testing. In static testing the

person performs a maximal external force against a stationary

object. In dynamic testing the person has to move an object

over a certain distance. For the evaluation of the available

information on selected tests the following were successively

considered.

(1) Content validity. The evaluation could be:

(a) The test considers the relation between work demands,

in terms of duration, frequency, and intensity of lifting,

pushing, or pulling activities for the specific occupation,

and maximally acceptable load. Duration, frequency and

intensity of occupational activities are assessed during the

test and are extrapolated to available information on these

work demands during a normal working day (+).

(b) The test considers the relation between work demands

and individual maximally acceptable load only partly

(+/−).

(c) The test does not consider the relation between work

demands and individual maximally acceptable load (−).

(2) Assessment of the (test-retest) reliability of the tests. The

evaluation could be:

(a) The test is (test-retest) reliable, indicated by a

coefficient of variation (CV) and/or (intraclass) correlation

(+).

(b) The test is (test-retest) reliable only for some test

components (+/−), indicating that the CV or intraclass

correlation was only calculated for some components.

(c) The test is not reliable (test-retest), indicated by a CV

and/or (intraclass) correlation (−).

(d) No studies have been found on (test-retest) reliability

of the tests meeting the keywords in the literature search

(?).

(3) Assessment of the prognostic value of the tests. The

evaluation could be:

Main messages

• In the literature no universal strategy is available for the
definition of specific occupational demands in a job or a
task in order to prevent health complaints on an individual
level.

• A total of 43 static or dynamic tests concerning lifting,
pushing, and pulling were found. Of these tests, 22 are
reliable and 22 are partly content valid. Twelve tests have
limited prognostic value for back or other musculosketal
complaints. However, none of the tests concerning pushing,
pulling, or lifting considered the relation between work
demands and the assessment of the maximally acceptable
load on an individual level, and the criteria of reliability
and prognostic value for musculoskeletal complaints
completely.

Policy implications

• Information on (1) exposure to work demands, (2) existing
knowledge of epidemiological studies concerning risk fac-
tors for health complaints, and (3) workload guidelines,
should be used to identify “specific occupational demands”
for specific jobs.

• Occupational health physicians, researchers, or other users
of tests concerning pre-employment testing or periodic
health surveillance should pay more attention to: (1) the
definition of specific occupational demands; (2) the assess-
ment of specific occupational demands; and (3) the quality
of tests for specific occupational demands.
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(a) The test has prognostic value for the development of

musculoskeletal complaints and the body regions of the

musculoskeletal complaints are specified further. In the

study the prognostic value has been proven by calculation

of an odds ratio or a relative risk (+).

(b) The test only partly has prognostic value for the devel-

opment of musculoskeletal complaints. The body regions

of the complaints are not specified further, the prognostic

value of the tests has not been studied/proven for all test

components. In the study the prognostic value has been

proven by calculation of an odds ratio or a relative risk

(+/−).

(c) The test has no prognostic value for the development of

musculoskeletal complaints indicated by an odds ratio or a

relative risk (−).

(d) No studies have been found on prognostic value of the

tests (?).

RESULTS
Search 1: Definition of specific occupational demands
The literature search in the various databases and the

interviews did not result in relevant articles on the definition

of specific occupational physical demands, which consider the

exposure to specific occupational work demands. Therefore,

no universal strategy was found for the definition of specific

occupational demands.

Search 2: Assessment of the individual risk concerning
lifting, pushing, and pulling
The literature search in the databases and the interviews

resulted in 55 relevant articles, two reports, and two books on

tests concerning pushing, pulling, and lifting. One static7–33

and several dynamic tests32–62 were found in the literature for

the assessment of the individual maximally acceptable load

concerning lifting. Only a few tests were found on the assess-

ment of the maximally acceptable load concerning pushing

and pulling statically11 12 63 or dynamically.19 Table 1 presents a

review of the articles, reports, and books indicating (1) the

relation between work demands and the maximally accept-

able load, (2) the reliability of the tests, and (3) the prognostic

value of the tests.

Static strength testing concerning lifting, pushing, and
pulling
The static lifting test comprises the assessment of the

maximal isometric lifting strength, and all the tests concern-

ing pushing and pulling are used to assess the maximum iso-

metric push and pull strength. By this method, the person

performs a maximal external force against a stationary object

in a vertical upward (lifting) or horizontal (pushing or

pulling) direction. Several tests were found which can be used

to assess the maximal isometric strength.7–39

Dynamic strength testing concerning lifting, pushing, and
pulling
Dynamic lifting tests
In dynamic lifting a person has to move an object vertically

over a certain distance. Dynamic lifting tests assess the maxi-

mal lifting weight, the maximal lifting power, the maximal

number of repetitions of lifting, or the individual rating of

maximally acceptable lifting loads for an eight hour working

day. Examples of dynamic lifting tests are the operational lift-

ing test of Jacobs and colleagues,38 the progressive lifting

test,38 the Ariel,36–39 the “repeated lifting test”,37 and the

Aristokin37 (see table 1). The method Isernhagen Work System

(IWS),32–34 the method Blankenship,32–34 the Ergos

Worksimulator,34–36 and the Ergo-kit33–35 have different proto-

cols for the assessment of the maximal individual lifting

weight.

Dynamic pushing and pulling tests
Four tests, protocols of the methods IWS32–34 and

Blankenship,34 35 the push/pull test of Laflin and colleagues,19

and the dynamic push/pull test of the physical work perform-

ance evaluation (PWPE)58 were found on dynamic pushing or

pulling (see table 1). The tests of the IWS32–34 and Blankenship

tests34 35 are not used to assess the maximum dynamic

strength. These tests assess the ability to push and to pull

dynamically for a short period of time. In the test of Laflin and

colleagues,19 the amount of push or pull force needed to move

a sled filled with boxes is measured with a dynamometer.

Content validity
Static tests
With the assessment of the maximal isometric strength

concerning lifting, pushing, and pulling, the relation between

work demands and the assessment of the maximally

acceptable load on individual level is only partly considered.

The reason for this is that isometric strength can be related to

externally performed lifting forces, but not to duration and

frequency of lifting, pushing, or pulling.

Dynamic tests
Using the Dictionary of Occupational Titles (DOT),35 41 42 some

dynamic lifting tests only partly consider the relation between

work demands and the maximally acceptable load on

individual level. The DOT35 41 42 describes the physical demands

for a wide variety of jobs in the USA. In fact, maximally

acceptable lifting weight is established by consideration of

duration, frequency, and intensity of lifting tasks for

occupations in the USA (as prescribed in the DOT35 41 42) only.

The other tests do not consider the relation between work

demands and the assessment of maximally acceptable load on

individual level.

The push/pull test of the PWPE considers the relation

between dynamic push and pull demands and the maximally

acceptable push and pull load only partly by using the

DOT.35 41 42

Reliability
Isometric strength assessment tests concerning lifting, push-

ing, and pulling are reliable.15 Only some of the dynamic tests

concerning lifting, pushing, and pulling, such as the Ariel,37–39

the Aristokin,43 the Lido lifting test,17 the Employment Poten-

tial Improvement Corp (EPIC) lifting test,50–52 the lifting test

according to the progressive isoinertial lifting evaluation

(PILE) protocol,24 43 45 49 55 56 the rating of acceptable load (RAL)

lifting test,57 the incremental lifting machine,26 30 32 53 54 the

Lifttest of Laflin and colleagues,19 the LIFTEST,20 31 the six days

functional capacity evaluation,59 and the one repetition maxi-

mum method61 have been found to be reliable. For the other

lifting tests no studies were found on (test-retest) reliability of

the assessment of maximal lifting weight.

Prognostic value
There is limited epidemiological proof of the relation between

externally performed forces and individual maximally per-

formed isometric strength (the individual relative strength

capacity) concerning lifting, pushing, and pulling as a predic-

tor for the development of back complaints and other

musculoskeletal complaints.7–15

None of the dynamic lifting tests have been examined

regarding their prognostic value for musculoskeletal com-

plaints. Only one study12 has shown evidence for the relation

between the maximally performed external forces in the job

and the maximally performed isometric strength for pushing

on trunk height and pulling on shoulder height and the

development of musculoskeletal complaints.
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DISCUSSION
Search 1: Definition of specific occupational demands
In the literature no strategy was found for the definition of

specific occupational demands. One Dutch guideline for

pre-employment testing in the Netherlands64 gives an over-

view of some specific occupational demands, the content of

the medical examination, and criteria for medical fitness for

occupations. The Dutch guideline defines specific occupational

demands as “work demands that constitute an increased risk

for developing health complaints”. The Dutch guideline is not

completely satisfactory for all occupations, because it does not

consider the specific tasks and activities and specific health

complaints of many occupations. To define specific occupa-

tional demands, scientific knowledge is needed, which

clarifies the relation between the exposure to work demands

and the specific health complaints. In order to acquire this

knowledge, the following “three step strategy”65 can be

applied to the specific occupational setting:

(1) Describe the exposure to work demands for the occupa-

tion, in terms of duration, frequency, and intensity. Infor-

mation on the exposure to work demands may explain the

risk of developing health complaints.66

(2) Establish the risk of work demands for health complaints

on the basis of epidemiological studies. For specific occu-

pations the incidence of health complaints can be

assessed, as well as the relative risk of tasks and activities

for development of musculoskeletal complaints.

(3) Establish whether work demands exceed existing work-

load guidelines. These guidelines prescribe the maximally

acceptable external exposure to work demands in terms

of duration, frequency, and intensity for an eight hour

working day or shorter working periods.

Tasks and activities, such as pushing, pulling, and lifting, can

be defined as specific occupational demands when there is an

increased risk for health complaints and workload guidelines

Table 1 Relation between work demands and the assessment of the maximally acceptable load on an individual level,
reliability, and prognostic value for health complaints of available tests concerning lifting, pushing, and pulling

Specific occupational
physical demand Available tests (reference) Content validity

Reliability
(test-retest) Prognostic value

Lifting Static
Isometric strength +/− + +/−
– Load cell or dynamometer and handle bars (7–33)
– Cybex Liftask (17)
– Protocol Ergos Worksimulator* (28, 34–36)
– Protocol Ergo-kit* (33–35)
– Protocol Blankenship* (34, 35)
– Ariel* (37–39)

Dynamic
– Lido lifting test (17) ? ? ?
– Lifttests of Laflin et al (19) +/− + ?
– LIFTEST (20, 31) ? + ?
– PILE protocol (24, 43, 44, 49, 55, 56) ? + ?
– Incremental lifting machine (26, 30, 32, 53, 54) ? + ?
– Protocol Ergos Worksimulator®* (28, 34–36) +/− ? ?
– Lifting test of Dempsey et al (30) ? ? ?
– Protocol Isernhagen Work System* (32–34) +/− +/− ?
– Protocol Blankenship* (33, 34) +/− ? ?
– Protocol Ergo-kit* (33–35) +/− ? ?
– Repeated lifting test (37) ? ? ?
– Operational lifting test (38) ? ? ?
– Progressive lifting test (38) ? ? ?
– Ariel* (37–39) ? + ?
– Tests for lifting and carrying of Rayson et al (40) +/− ? ?
– DOT Residual Functional Capacity battery (41, 42) +/− + ?
– Aristokin* (43) ? + ?
– Cybex liftask (44–49) ? ? ?
– West lifting test (50) ? + ?
– EPIC lifting test (50–52) ? + ?
– RAL lifting test (57) ? + ?
– Physical Work Performance Evaluation (58) +/− ? ?
– 6 Days Functional Capacity Evaluation (59) +/− + ?
– Minigym (60) ? ? ?
– Maximal dynamic lift (60) ? ? ?
– Maximal acceptable lift (60) ? ? ?
– One Repetition Maximum (61) ? + ?
– Dynamic lifting test of Hazard et al (62) ? ? ?

Pushing and pulling Static
Isometric strength (11, 12, 63) +/− + +/−
– Protocol Ergos Worksimulator* (28, 34–36)
– Protocol Isernhagen Work System* (33–35)
– Protocol Blankenship* (34, 35)

Dynamic
– Dynamometer (19) ? +/− ?
– Protocol Isernhagen Work System* (33–35) ? ? ?
– Protocol Blankenship* (34, 35) ? ? ?
– Physical Work Performance Evaluation (57) +/− ? ?

+, the method meets the criterion; +/−, the method meets the criterion only partly; −, the method does not meet the criterion; ?, no studies were found on
this criterion; *, protocol was inquired from experts.
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are exceeded. In summary, to formulate the specific occupa-

tional physical demands this “three step strategy” has to be

applied to data on duration, frequency, and intensity of work

tasks and activities of the specific occupation. Unfortunately

data on duration, frequency, and intensity of pushing, pulling,

and lifting are not available for many occupations. For several

occupations in the Netherlands, such as refuse collectors,67

lorry drivers,68 train stewards, and workers in nursing homes,

flower auctions, and postal services,69 data on pushing,

pulling, and lifting are available. These data can thus be com-

pared to guidelines64 65 to establish whether pushing, pulling,

and lifting can be defined as specific occupational demands.

Although the guidelines on lifting, pushing, and pulling70–78 are

formulated in terms of intensity (the maximal weight or

force) only, they do consider duration and frequency of lifting,

pushing, and pulling activities and some specific work factors.

For example, hand height and walking distance concerning

pushing, pulling, or lifting, are work factors that are

considered in these guidelines.

Search 2: Assessment of the individual risk, concerning
pushing, pulling, and lifting
Content validity
A remarkable finding of this study is that only a few tests con-

cerning pushing, pulling, or lifting, consider content validity

in terms of the consideration of duration, frequency, and

intensity of occupational work tasks and activities. In fact, in

some tests the DOT35 41 42 is used to assess the maximal accept-

able load concerning the specific occupation. In these tests the

worker must at least have the physical capacities equal to the

physical demands of the job as prescribed by the DOT. The DOT

has defined the majority of jobs in the USA according to 20 job

factors and has prescribed the work demands of the jobs.

However, the validity of the DOT is questionable because the

physical demands of the DOT are not based on quantitative

work task analyses but are based on based on subjective con-

sensus meetings of experts in the field. In addition, “job expo-

sure matrices” are defined. Several studies indicate that the

sensitivity and specificity of job exposure matrices is low.80

Therefore, a “task analysis” is recommended to get more

insight into the duration, frequency, and intensity of tasks and

activities performed in a specific job.

The maximally acceptable load during the test might not be

the same as the maximally acceptable load concerning the

specific occupational setting, because lifting, pushing, and

pulling activities are always performed for longer periods in

reality. Therefore, many experts believe assessments of the

maximally acceptable loads should not only include the maxi-

mum load that can be lifted, pushed or pulled safely, but also

safe limits for loads that are handled occasionally and

frequently.59 Occasionally and frequently are operationally

defined as performance of repeated lifting, pushing, or pulling

activities up to 33% and between 33% and 67% of the average

workday, respectively.59 Several studies have developed

models30 59 that can be used to extrapolate the test results con-

cerning assessments of infrequent lifting to the maximally

acceptable lifting weight concerning frequent lifting. Only in

some tests33–36 concerning pushing, pulling, and lifting is the

maximally acceptable load for longer work periods related to

the occupational work demands (duration, frequency, and

intensity of lifting, pushing, and pulling activities) for assess-

ment of an increased risk for musculoskeletal complaints on

an individual level. Furthermore, in this study several tests

were found concerning non-frequent lifting or lifting for short

duration, and several tests concerning frequent lifting and/or

carrying for a longer duration. For example, in a majority of

industrial jobs lifting is often done for a longer duration. If

lifting for a longer duration is a work demand, it might be bet-

ter to simulate lifting or carrying for a prolonged period in the

test.

Sometimes certain tasks in certain jobs cannot be

redesigned in order to reduce the risk of health complaints. In

that case the employer should define specific occupational

demands. The tests concerning lifting pushing and pulling, as

part of pre-employment testing and periodic health surveil-

lance, should then be used to protect the individual worker at

risk. As a result equal job opportunities for employees are not

always possible. Thus, not only the results of the tests for spe-

cific occupational demands should be considered, but also the

impairments of the employee for the specific job.

Content validity of tests also resembles simulation of body

posture and speed of limb movement during performance of

these activities in the tests. The static or dynamic tests, as

found in the present literature study, do not always consider

this simulation. Dynamic tests concerning lifting are subdiv-

ided into isoinertial or isokinetic tests in the literature.30 31 In

isokinetic testing, the body segment velocity should remain

constant during the maximal voluntary contraction. Isoiner-

tial testing is a method of measuring the maximum weight a

person is willing to handle, at his/her own selected speed

within a specified range of movements. A disadvantage of both

isometric and isokinetic methods concerning pushing, pull-

ing, and lifting is that the actual performed movements are

never isometric (static) or isokinetic (with a constant speed)

in reality. Furthermore, several studies indicated that the

results of isometric and/or static tests correlate poorly with

performance of functional activities.32 33 These studies suggest

that isoinertial tests concerning lifting might be preferred to

isometric and/or isokinetic tests.

Reliability
Only a few of the selected tests for pushing, pulling, or lifting

were studied on test-retest (or intrarater) reliability, which

refers to the stability of the test scores. To enlarge the reliabil-

ity of the assessment of maximally acceptable load the test

should be performed repeatedly at least two times.24 The CV is

frequently used by test leaders to determine whether a person

is giving a consistent effort during testing, which is based on

the assumption that an intentionally submaximal effort will

result in a greater variability. Although there is much variabil-

ity in the CVs, which different investigators report as

acceptable (ranging from 5% to 29% in the peer reviewed lit-

erature7) for isometric and isokinetic strength testing, various

studies indicate that the variation between repeatedly

performed measurements during testing should not exceed

10–15% for strength testing.15 The exceeding of this variation

might not be an accurate measure of reliability. In fact, the

maximally acceptable variation is largely dependent on the

test parameters, the variation of the test parameters from day

to day (biological variation), the mode of testing, the type of

physical activities performed in the test, and the test

conditions. Furthermore, individuals with impairments may

have higher CVs. Intraclass correlation is often indicated to be

a statistic that reflects reliability more accurately than the

coefficient of variation. Furthermore, there is no evidence that

inconsistent response on isometric testing indicates submaxi-

mal performance.28 81 To assess the maximally acceptable load

during the test, other indicators of sincerity of effort, such as

percentage increase in heart rate or systolic blood pressure, are

also used in several tests concerning lifting, pushing, or pull-

ing. It should be noted that even if these indicators are within

acceptable limits, maximal performance of the individual

could never be guaranteed. This might be explained by the fact

that these indicators are not related to the maximal individual

strength directly.

Reliability also refers to the ability to achieve simular scores

on an evaluation when administered by different evaluators

(interrater reliability). This has not been studied further in

this review.
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Prognostic value
Few of the selected tests for pushing, pulling, or lifting

considered prognostic value. The methodological quality of

the studies on prognostic value of the tests was low. Firstly,

musculoskeletal complaints were not specified further in two

of the eight identified studies7 12 on prognostic value for

musculoskeletal complaints. Secondly, three studies had a fol-

low up period of approximately one year. One year might be

too short to study the development of musculoskeletal

complaints because the percentage of “drop outs” in some of

the studies was high.82 Thirdly, none of the studies used a

regression analysis or odds ratio to describe the prevalence of

musculoskeletal complaints. Only one study14 calculated a

relative risk of 1 to 1.2 of reporting back complaints from iso-

metric lifting strength during a four year follow up period.

Probably, the most likely reason why limited research has been

done on the prognostic value of the tests for development of

complaints is that this type of longitudinal research is difficult

to administer, expensive, and takes time. Often tests for

lifting, pushing, and pulling, as have been identified in this

study, are used in sports, rehabilitation, insurance medicine

for the purpose of training, rehabilitation, or functional

capacity evaluation of individuals with health complaints.

Until now, the prognostic value of these tests has received little

attention in these areas.
Biomechanical, physiological, and psychophysical

models23 59 67 70–78 have been developed in many studies to better
understand the relation between performance of lifting push-
ing and pulling and the development of physical overload of
body structures and/or musculoskeletal complaints, and to
develop guidelines on maximal acceptable loads concerning
lifting, pushing, and pulling. These guidelines prescribe maxi-
mal exposure limits on group level. Therefore, these guidelines
cannot be used for assessment of the maximal acceptable load
on an individual level. Furthermore, many investigators have
adopted the psychophysical approach to determine the maxi-
mally acceptable weight of lifting using isometric18 21 38 and
isoinertial38 strength tests concerning lifting as predictors.

Tests for the assessment of specific occupational physical
demands should not only meet criteria of content validity,
reliability and prognostic value for health complaints, but
should also be safe and practical to administer.79 The isometric
method has been reported as practical and safe.15 Moreover,
the tests should contain a good sensitivity and specificity. No
information is yet available on the sensitivity and specificity of
the tests.

Overall it can be concluded that no strategy was found for
defining specific occupational demands in a job or a task in the
present study. Therefore a three step strategy was formulated
for the prevention of health complaints on an individual level.
Furthermore, in the present study many tests were found for
the assessment of individual maximally acceptable loads con-
cerning lifting. Some tests were found concerning pushing
and pulling. None of the tests concerning lifting, pushing, and
pulling considered the relation between work demands and
the assessment of the maximally acceptable load on individual
level and met criteria of reliability and prognostic value for
musculoskeletal complaints completely.

In general, for the prevention of work related health
complaints on an individual level, it can be suggested that
more attention should be paid to:

(1) The definition of specific occupational demands.

(2) The assessment of specific occupational demands.

(3) The quality of tests for specific occupational demands.

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
J Bos, P P F M Kuijer, M H W Frings-Dresen, Coronel Institute for
Occupational and Environmental Health, Academic Medical Center,
University of Amsterdam, Amsterdam, Netherlands

REFERENCES
1 Hoozemans MJM, Van der Beek AJ, Frings-Dresen MHW, et al. Pushing

and pulling in relation to musculoskeletal disorders: A review of risk
factors. Ergonomics 1998;41:757–81.

2 Poulsen OM, Breum NO, Ebbehoj N, et al. Collection of domestic
waste. Review of occupational health problems and their possible causes.
Sci Total Environ 1995;170:1–19.

3 Burdorf A, Sorock GS. Positive and negative evidence of risk factors for
back disorders. Scand J Work Environ Health 1997;23:243–56.

4 Bernard BP. Musculoskeletal disorders and workplace factors: a critical
review of epidemiological evidence for work-related musculoskeletal
disorders of the neck, upper extremity, and low back. Cincinnati:
National Institute for Occupational Safety and Health, US Department of
Health and Human Services (DHHS), 1997:97–141.

5 Hoogendoorn WE, van Poppel NM, Bongers PM, et al. Physical load
during work and leisure time as risk factors for back pain. Scand J Work
Environ Health 1999;25:387–403.

6 Ariëns GAM, van Mechelen W, Bongers PM, et al. Physical risk factors
for neck pain. Scand J Work Environ Health 2000;26:7–19.

7 Chaffin DB, Herrin GD, Keyserling WM. Preemployment strength testing:
an updated position. J Occup Med 1978;20:403–8.

8 Chaffin DB. Human strength capability and low back pain. J Occup
Med 1974;16:249–54.

9 Chaffin DB, Park KS. A longitudinal study of low-back pain as
associated with occupational weigth lifting factors. Am Ind Hyg Assoc J
1973;12:513–25.

10 Zeh J, Hansson T, Bigos S, et al. Isometric strength testing.
Recommendations on a statistical analysis of the procedure. Spine
1986;11:43–6.

11 Keyserling WM, Herrin GD, Chaffin DB. Isometric strength testing as a
means of controlling medical incidents on strenuous jobs. J Occup Med
1980;22:332–6.

12 Keyserling WM, Herrin GD, Chaffin DB, et al. Establishing an industrial
strength testing program. Am Ind Hyg Assoc J 1980;41:730–6.

13 Battie MC, Bigos SJ, Fisher LD, et al. A prospective study of the role of
cardiovascular risk factors and fitness in industrial back pain complaints.
Spine 1989;14:141–7.

14 Battie MC, Bigos SJ, Fisher LD, et al. Isometric lifting strength as a
predictors of industrial back pain reports. Spine 1989;14:851–6.

15 Chaffin DB, Andersson GBJ, Martin BJ. Occupational biomechanics, 3rd
edn. New York: John Wiley & Sons, 1999.

16 Jackson AS. Preemployment isometric strength testing methods—medical
and ergometric values and issues. Houston, TX: Department of Health
and Performance, University of Houston, June 1990.

17 Hattori Y, Ono Y, Shimaoka M, et al. Test-restest reliability of isometric
and isoinertial testing in symetric and asymetric lifting. Ergonomics
1998;41:1050–9.

18 Lee Y-H, Chen Y-L. An isometric predictor for maximum accetable weigth
of lift for Chinese men. Hum Factors 1996;38:646–53.

19 Laflin K, Aja D, Banasiak N. Development of a post-offer screening tool
for patient support services. Am J Occup Ther 1997;51:834–43.

20 Kroemer KH. Testing individual capability to lift material: repeatability
of a dynamic test compared with static testing. J Safety Res
1985;16:1–7.

21 Lee Y-H, Chen Y-L. Strength-limiting factors for the determination of
frequent and infrequent lifting capacities. Int J Ind Ergon
1996;18:51–60.

22 Caldwell LS, Chaffin DB, Dukes-Dobos FN, et al. A proposed standard
procedure for static muscle strength testing. Am Ind Hyg Assoc J
1974;35:201–6.

23 Garg A, Mital A, Asfour SS. A comparison of isometric strength and
dynamic lifting capability. Ergonomics 1980;23:13–27.

24 Hazard RG, Reeves V, Fenwick JW, et al. Test-retest variation in lifting
capacity and indices of subject effort. Clin Biomech 1993;8:20–4.

25 Kishino ND, Mayer TG, Gatchel RJ, et al. Quantification of lumbar
function. Part 4: Isometric and isokinetic lifting simulation in normal
subjects and low-back dysfunction patients. Spine 1985;10:921–7.

26 Lee Y-H, Chen Y-L. An isoinertial predictor for maximal acceptable lifting
weigths of chinese male subjects. Am Ind Hyg Assoc J 1996;57:456–63.

27 Hazard RG, Reeves V, Fenwick JW. Lifting capacity: Indices of subject
effort. Spine 1992;17:1065–70.

28 Simonsen JC. Coefficient of variation as a measure of subject effort.
Arch Phys Med Rehabil 1995;76:516–20.

29 Kamon E, Kiser D, Pytel JL. Dynamic and static lifting capacity and
muscular strength of steelmill workers. Am Ind Hyg Assoc J
1982;43:853–7.

30 Dempsey PG, Ayoub MM, Westfall PH. Evaluation of the ability of
power to predict low frequency lifting capacity. Ergonomics
1998;41:1222–41.

31 Kroemer KH. An isoinertial technique to assess individual lifting
capability. Hum Factors 1983;25:493–506.

32 Wu S-P, Hsu S-H. Psychophysical modelling of lifting capacity of Chinese
males using strength variables. Appl Ergon 1993;24:251–7.

33 Isernhagen SJ, Hart DL, Matheson LM. Reliability of independent
observer judgements of level of lift effort in a kinesiophysical functional
capacity evaluation. Work 1999;12:145–50.

34 King PM, Tuckwell N, Barrett TE. A critical review of functional capacity
evaluations. Phys Ther 1998;78:852–66.

35 Fishbain DA. Functional capacity evaluation. Phys Ther
2000;80:110–12.

36 Dusik LA, Menard MR, Cooke C, et al. Concurrent validity of the
ERGOS work simulator versus conventional functional capacity evaluation

Definition and assessment of specific occupational demands 805

www.occenvmed.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.59.12.800 on 1 D

ecem
ber 2002. D

ow
nloaded from

 

http://oem.bmj.com/


techniques in a workers’ compensation population. J Occup Med
1993;35:759–67.

37 MacDougall JD, Wenger HA, Green HJ. Physiological testing of the
high-performance athlete. Published for the Canadian Association of
Sport Sciences. Human Kinetics Publishers, UK, 1991.

38 Jacobs I, Bell DG, Pope J. Comparison of isokinetic and isoinertial lifting
tests as predictors of maximal lifting capacity. Eur J Appl Physiol
1988;57:146–53.

39 Jacobs I, Pope J. A computerized system for muscle strength evaluation:
measurement reproducibility, validity and some normative data. NSCA
Journal 1986;8:28–33.

40 Rayson M, Holliman D, Belyavin A. Development of physical selection
procedures for the British Army. Phase 2: Relationship between physical
performance tests and criterion tasks. Ergonomics 2000;43:73–105.

41 Fishbain DA, Abdel-Moty E, Cutler RB, et al. Measuring residual
functional capacity in chronic low back pain patients based on the
Dictionary of Occupational Titles. Spine 1994;19:872–80.

42 Fishbain DA, Cutler RB, Rosomoff H, et al. Validity of the Dictionary of
Occupational Titles residual functional capacity battery. Clin J Pain
1999;15:102–10.

43 Van Meurs S, Meidema M, Hildebrandt VH, et al. Evaluation of
reliability of a standardised protocol to measure the physical capacity of
the musculo-skeletal system. The third pilot study. TNO-PG and Faculty of
Human Movement Sciences, Vrije Universiteit Amsterdam, 1995.

44 Mayer TG, Barnes D, Nichols G, et al. Progressive isoinertial lifting
evaluation. II. A comparison with isokinetic lifting in a disabled chronic
low-back pain industrial population. Spine 1988;13:998–1002.

45 Curtis L, Mayer TG, Gatchel RJ. Physical progress and residual
impairment quantification after functional restoration. Part III: Isokinetic
and isoinertial lifting capacity. Spine 1994;19:401–5.

46 Hazard RG, Reid S, Fenwick J, et al. Isokinetic trunk and lifting strength
measurements: variability as an indicator of effort. Spine 1988;13:54–7.

47 Reimer DS, Halbrook BD, Dreyfuss PH, et al. A novel approach to
preemployment worker fitness evaluations in a material-handling industry.
Spine 1994;19:2026–32.

48 Mostardi RA, Noe DA, Kovacik MW, et al. Isokinetic lifting strength and
occupational injury. A prospective study. Spine 1992;17:189–93.

49 Mayer T, Gatchel R, Keeley J, et al. A male incumbent worker industrial
database. Part III: Lumbar/cervical functional testing. Spine
1994;19:765–70.

50 Matheson LN, Mooney V, Grant JE, et al. A test to measure lift capacity
of physically impaired adults. Part 1—Development and reliability testing.
Spine 1995;20:2119–29.

51 Matheson LN, Mooney V, Holmes D, et al. A test to measure lift
capacity of physically impaired adults. Part 2—Reactivity in a patient
sample. Spine 1995;20:2130–4.

52 Jay MA, Lamb JM, Watson RL, et al. Sensitivity and specificity of the
indicators of sincere effort of the EPIC lift capacity test on a previously
injured population. Spine 2000;25:1405–12.

53 Bryant JT, Stevenson JM, French SL, et al. Four factor model to describe
an isoinertial lift. Ergonomics 1990;33:173–86.

54 Stevenson JM, Bryant JT, French Greenhorn SLDR, et al. Dynamic
analysis of isoinertial lifting technique. Ergonomics 1990;33:161–72.

55 Mayer TG, Barnes D, Kishino ND, et al. Progressive isoinertial lifting
evaluation. I. A standardized protocol and normative database. Spine
1988;13:993–7.

56 Ljungquist T, Harms-Ringdahl K, Nygren A, et al. Intra- and inter-rater
reliability of an 11-test package for assessing dysfunction due to back or
neck pain. Physiother Res Int 1999;4:214–32.

57 Stalhammar HR, Louhevaara V, Troup JDG. Rating of acceptable loads
in manual sorting of postal parcels. Ergonomics 1996;39:1214–2.

58 Lechner DE, Jackson JR, Roth DL. Reliability and validity of a newly
developed test of physical work performance. J Occup Med
1994;36:997–1005.

59 Saunders RL, Beissner KL, McManis BG. Estimates of weight that
subjects can lift frequently in functional capacity evaluations. Phys Ther
1997;77:1717–28.

60 Pytel JL, Kamon E. Dynamic strength test as a predictor for maximal
acceptable lifting. Ergonomics 1981;24:663–72.

61 Sharp MA, Rice VJ, Nindl BC, et al. Effects of team size on the maximum
weight bar lifting strength of military personnel. Hum Factors
1997;39:481–8.

62 Hazard RG, Reeves V, Weisman G, et al. Dynamic lifting capacity: the
relationship between peak force and weight as an indicator of effort. J
Spinal Disord 1991;4:63–7.

63 Voorbij AIM, Steenbekkers LPA. The composition of a graph on the
decline of total body strength with age based on pushing, pulling,
twisting and gripping force. Appl Ergon 2001;32:297–2.

64 Hulshof CTJ. Een algemene richtlijn voor aanstellingskeuringen [A
general guideline concerning pre-employement testing] [in Dutch, English
abstract]. TBV 2000;8:46–53.

65 Bos J, Frings-Dresen MHW, Kuijer, PPFM. Benoemen van bijzondere
functie-eisen voor beroepen [Defining the specific occupational demands
of an occupation] [in Dutch, English abstract]. TBV 2001;9:32–5,52.

66 Winkel J, Westgaard R. Occupational and individual risk factors for
shoulder-neck complaints: Part II—the scientific basis (literature review) for
the guide. Int J Ind Ergon 1992;10:85–104.

67 Frings-Dresen MHW, Kemper HCG, Stassen ARA, et al. Guidelines for
energetic load in three methods of refuse collecting. Ergonomics
1995;38:2056–64.

68 Van der Beek AJ. Assessment of workload of lorry drivers. Thesis,
University of Amsterdam, Netherlands, 1994.

69 Hoozemans MJM. Pushing and pulling in relation to musculoskeletal
complaints. Thesis, University of Amsterdam, Coronel Institute for
Occupational and Environmental Health, Acadamic Medical Center,
Amsterdam, Netherlands, 2001.

70 Mital A, Nicholson AS, Ayoub MM. A guide to manual materials
handling. London, Washington, DC: Taylor & Francis, 1997.

71 Snook SH. Psychophysical acceptability as a constraint in manual
working capacity. Ergonomics 1985a;28:331–5.

72 Snook SH. Psychophysical considerations in permissible loads.
Ergonomics 1985b;28:327–30

73 Ayoub MM. Problems and solutions in manual materials handling
activities: the state of the art. Ergonomics 1992;35:713–28

74 Khalil TM, Waly SM, Genaidy AM, et al. Determination of lifting
abilities: a comparitive study of four techniques. Am Ind Hyg Assoc J
1987;48:951–6.

75 Jiang BC, Smith JL, Ayoub MM. Psychosocial modelling of manual
materials-handling capacities using isoinertial strength variables. Hum
Factors 1986;28:691–702.

76 Ciriello VM, Snook SH, Blick AC, et al. The effects of task duration on
psychophysically-determined maximum acceptable weights and forces.
Ergonomics 1990;33:187–200.

77 Mital A, Ramakrishnan A. A comparison of literature-based design
recommendations and experimental capibility data for a complex manual
materials handling activity. Int J Ind Ergon 1999;24:73–80.

78 Shoaf C, Genaidy A, Karwowski W, et al. Comprehensive manual
handling limits for lowering, pushing, pulling and carrying activities.
Ergonomics 1997;40:1183–200.

79 Waters TR, Putz-Anderson V, Garg A, et al. Revised NIOSH equation for
the design and evaluation of manual lifting tasks. Ergonomics
1993;36:749–76.

80 Heederik D, Kromhout H, Burdorf L. Blootstellingskarakteristiek voor
arbeidsepidemiologisch onderzoek. Een overzicht van recente
ontwikkelingen [Exposure assessment in epidemiology in occupational
epidemiology: a review of recent developments] [in Dutch, English
abstract]. TSG 1998;76:245–7.

81 Lechner DE, Bradbury SF, Bradley LA. Detecting sincerity of effort: a
summary of methods and approaches. Phys Ther 1998;78:867–88.

82 Van der Windt DAWM, Pope DP, De Winter AF, et al. Occupational
risk factors for shoulder pain: a systematic review. Occup Environ Med
2000;57:433–42.

806 Bos, Kuijer, Frings-Dresen

www.occenvmed.com

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
O

ccup E
nviron M

ed: first published as 10.1136/oem
.59.12.800 on 1 D

ecem
ber 2002. D

ow
nloaded from

 

http://oem.bmj.com/

