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7
Measuring maximum holding times and
perception of static elevated work and
forward bending in healthy young adults

M.F. Reneman, M.M.W.E. Bults, L.H. Engbers, K.K.G. Mulders, L.N.H. Göeken. 
Journal of Occupational Rehabilitation 2001, 11, 87-97.
Reprinted with permission of Kluwer Academic/Plenum Publishers

Abstract

The objectives of this study were to investigate the maximum holding times (MHT)
of two highly stressful postures: standing in a forward bend position and
performing elevated work in a standing position. The relationship between
perceived exertion and MHT was also studied. Subjects were 44 young adults,
age 20-29 years (25 female, 19 male). A test-retest design was used to establish
reliability. Mean maximum holding times for forward bending and elevated work
were respectively 14.51 and 16.18 minutes with large inter-individual variations.
A logarithmic rather than a linear relation between perceived exertion and
performance is found. It is not possible to reliably predict MHTs from subjective
data. Test-retest correlation is high (n=19, r=0.716 and .813, p<0.001), and the
scores did not differ significantly (p<0.005), indicating a reliable procedure. The
average holding times of the population studied are higher than expected from
literature. Neither generic formulas, curve estimations or predictions can reliably
predict an individual’s MHT. An individual’s MHTs are best tested through
performance based testing.
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Introduction

Sustained static working postures are associated with regional discomfort, pain
and musculoskeletal disorders1. Of the Dutch working population 22% experience
posture related pain for more than two hours per working day2. Of all work
absenteeism 28% is directly work related and approximately 40% of all sick leave
is attributed to the locomotive system3.

Ergonomic interventions are directed to fit the work and the working environment
to the worker in order to reduce the frequency and duration of stressful working
postures. Occupational rehabilitation aims to reduce discrepancies between physical
capacities and work demands4, for example by increasing postural tolerance. Neither
fields, however, has widely accepted standards on how long certain postures can,
should or may be held by an ‘average’ or individual worker. Ergonomic guidelines,
if available, are derived from physiological measures, such as the negative
logarithmic correlation between the fraction of maximal muscular strength and
holding times5. Maximal strength can be held for a few seconds only, while strength
of a fraction of a person’s maximum can be held for much longer. The Dutch
ministry of work has stated that a worker may not flex his/her back (>20°) for more
than 8 straight min/h2. Literature review by Miedema et al1 has demonstrated that
results of previously published studies with regards to maximal sustained holding
times can differ greatly. On the elevated work test, for example, the average
maximum holding time of four studies is 11.4 minutes (range of averages 3.3-21.4,
individuals range more). The average holding time of five studies concerning the
forward bend position is 5.6 minutes (range of averages 2.4-7.8, individuals range
more). All studies were performed on relatively small amounts of subjects (7-20
healthy young adults).

The same authors1 have assumed a linear relationship between perceived exertions
(rated with a CR-10 scale by Borg6,7 and holding times at group level. They suggested
that postures could be held for 20% of the maximum holding time (MHT), which
equals a rating of ‘2’ (‘slight discomfort’) on the CR-10 scale. The authors, however,
do not provide evidence to support the assumption of linearity. The linear
relationship between perceived exertion and maximal performance during static
work, for groups as well as individuals, however, is questionable. Borg has assumed
an exponential relationship between the two variables6,7.

A widely used method in occupational rehabilitation to measure an individual’s
capacity to perform his/her work, is known as a functional capacity evaluation
(FCE)8,9. FCEs are based on the Dictionary of Occupational Titles (DOT), a
publication of the United States of America Department of Labor10. FCEs are
batteries of tests, with each test individually representing a critical job factor as
defined by the DOT. Among these are tests to measure the individual’s capacity to
hold stressful postures for a certain amount of time. It appears as if all FCEs use
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different performance standards. With regards to postural tolerance, none of the
FCEs has published data on reliability and validity in peer reviewed journals.

Summarized, there is little information in the literature as to how long a person
can hold static postures. The assumed linear relationship between perceived exertion
and holding time, as well as the ability to predict MHT from subjective measures,
are questioned. The reliability of the procedures is unknown.

The objectives of this study are to provide insight into the MHT of forward bending
and overhead work of young adults and the relationship between perceived exertion
and MHT. Specifically, the following questions are to be answered in this study:

• How long can young adults (20-29 years) sustain a forward bend and an overhead
posture?

• Does gender, size, weight, occupation, hours spent on athletic activities, judged
holding time, testing order and working speed impact the results significantly?

• Is the relationship between perceived exertion and holding time linear?
• Can the MHT of an individual be predicted either by multiplying the holding time

of ‘Borg 2’ by five, or by a prediction of the subjects before starting the experiment?
• Is the testing procedure reliable?

Methods

Subjects
A total of 44 volunteers participated in this study. All subjects signed a written
informed consent, stating they were free of any symptoms in the lumbar, gluteal,
cervical and shoulder areas. Mean age of the subjects is 23.55 years (sd. 2.96, min-
max. 20-29), mean length 1.78 meters (sd. 10, min-max. 1.56-1.97), mean weight
70.75 kilograms (sd. 11, min-max. 56-96), mean hours sports participation 3.15
h/week (sd. 2.99, min-max 0-14), gender:19 males, 25 females, social status: 24
students, 20 working. Twenty individuals were selected randomly to repeat the
same procedure for test-retest purposes.

Materials
Materials needed for the forward bend test (FBT) include a table at a height of 70
cm, nuts and bolts, a wall mounted inclinometer marked at 30 and 60 degrees
from vertical, a Borg CR-10 scale and a stopwatch. Materials needed for the elevated
work test (EWT) include a height adjustable wall mounted system, an aluminum
plate of 100 × 5 × 0.5 cm with 20 holes at equal distance, 20 nuts/bolts lightly
fastened on aluminum plate, a Borg CR-10 scale and a stopwatch. Watches or clocks
were removed from the testing lab in order to give the subjects as little performance
feedback as possible.
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Procedures
The subject was instructed in the purpose of the study, the specific procedures (as
described below) and the Borg CR-10 scale. The need to remain in the same posture
without rest, the need to perform at maximal capacity, but also the permission of
the subjects to stop at any time throughout the procedures was explained. A subject
is warned once when the predetermined posture was not kept. The test was
terminated when the original posture was not restored immediately or when this
occurred for the second time. Reaching of ‘10’ on the CR-10 scale was not a reason
for test termination. The subject is asked to judge his/her own expected performance
(in minutes) before starting any of the testing. The order of testing was assigned
randomly to the subjects. Other than asking to rate perceived discomfort every 30
seconds (time interval was not known to the subjects), no verbal communication
between the subject and the tester was allowed in order to give as little performance
feedback as possible during testing. Subjects were allowed to rest for 1 minute
between the two tests. Retest procedures were not different compared to first time
testing. Other than calculating test-retest correlations, the results of the retest were
not used in this study.

For the FBT the subject stood in a flexed position, bending at the hips and/or low
back for 30-60 degrees from vertical (measured with inclinometer). The knees were
kept straight. Subject was to take an already fastened nut-bolt from a receptacle on
the table, loosen the two parts, change hands, fasten them and move to another
receptacle at 60 cm. For the EWT the subject stood in an erect position. The
aluminum plate is adjusted to the subject’s crown height. The subject worked with
hands at crown height, requiring 90° flexion at the shoulders and elbows. The nuts-
bolts were to be taken apart and reassembled vice versa.

Statistics
The following statistics were used: descriptives, regression analysis, Pearson product
moment and Spearman rank correlations and independent t-tests (two-tailed).

Results

Maximum Holding Times
The holding times of the FBT and EWT are presented in table 1 and in figures 1
and 2. On average, MHT of the FBT is higher than the EWT. Standard deviations
(SDs), 95% confidence intervals (CI) and ranges are high for both tests. The position
of the medians in relation to the averages, as well as the shape of the histograms
indicates that the scores are not distributed normally.
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Table 1  Mean, standard deviation, median, 95% confidence interval and range of scores on
the elevated work test and the forward bend test in minutes

Test Mean MHT St. dev. Median 95% C.I. Range

Elevated work test 14.51 11.31 10.14 11.21 - 18.22 3.39 - 51.55
Forward bend test 16.18 10.12 13.06 13.12 - 19.25 3.32 - 44.49

Figure 1 Forward bend test (FBT): distribution of the number of subjects (n; y-axis) versus
maximum holding times (x-axis, minutes)

Figure 2 Elevated work test (EWT): distribution of the number of subjects (y-axis) versus
maximum holding times (x-axis, minutes)
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The influence of possible effect modifiers was investigated by testing the difference
of two subgroups (t-tests). Results are presented in table 2 for respectively the
influence of testing order, gender, size, weight, occupation, hours spent sporting,
height of estimated MHT and working speed. Results demonstrate no significant
(p<0.05) influence of gender, size, weight, occupation, hours spent on athletic
activities and working speed for both EWT and FBT. The differences in testing
order were significant for the FBT, but not significant for the EWT. The differences
in estimated height of MHT were significant for the EWT, but not for the FBT. The
sample in this study (N=44) is too small to investigate the effects of interactions
(i.e. gender x age) on the two measures of performance and are, therefore, not
presented.

Table 2 Mean MHTs and standard deviations (min.sec.) when controlled for testing order,
gender, size (divided at median 1.78 m), weight (divided at median 68.0 kg), social status,
hours spent on athletic activities (divided at median 3.0 hrs), pretest estimation of MHT
(divided at median/average score) and for working speed (divided at median amount of
nuts/bolts per minute)

Variable Elevated Work Test Forward Bend Test
Mean St. dev. p-value Mean St. dev. p-value

Testing order:
First 13.10 9.10 13.33 7.58

Second 16.43 13.32 0.155 19.18 11.40 0.034*
Gender: 

Male 15.24 10.40 13.28 10.58
Female 14.27 12.20 0.396 18.15 8.40 0.067

Size:
Small 15.50 13.13 17.52 11.13
Large 13.42 9.18 0.548 14.26 8.45 0.273

Weight:
Light 16.14 12.31 19.31 10.11

Heavy 13.21 10.26 0.416 12.47 9.18 0.027*
Social status:

Student 12.35 8.35 16.58 9.57
Working 17.47 9.57 0.078 15.31 10.43 0.323

Sports:
0-2.5 hrs 15.57 10.33 15.31 8.52
3-14 hrs 13.57 12.26 0.287 16.58 11.21 0.321

Estimation:
High 17.53 12.53 16.22 10.37
Low 11.50 9.20 0.041* 16.15 10.02 0.486

Working speed:
Fast 17.03 13.16 16.23 9.49

Slow 12.40 9.16 0.212 16.05 10.40 0.868*

*: significant at α <0.05
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Relationship between MHT and Perceived Exertion
The relationship between the MHT and perceived exertion is presented in figures
1 and 2. In figures 3 and 4 it is presented by means of averaging CR-10 scores for
all remaining subjects. Regression analysis and curve estimation analysis of CR-
10 scores by holding times, both linear and loglinear, demonstrate relationships
as shown in figures 3 and 4, and are described mathematically in table 3.

Figure 3  EWT: Average CR-10 score by time (min.)

Figure 4  FBT: Average CR-10 score by time (min.)
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Table 3  Linear and loglinear equation of the relationship between average CR-10 scores (Y)
and holding times (X)

Test Linear Loglinear

EWT Y = 5.2 + .14X Y = 1.9 + 2.2 ln X
FBT Y = 4.4 + .12X Y = 1.6 + 1.9 ln X

EWT: elevated work test
FBT: forward bend test

With the use of these formula’s it is calculated how many of the individual subjects’
MHTs are equal to the median score of all subjects. The results demonstrate that
the number of correctly predicted individuals are 9 (20%) in the EWT, and 11 (25%)
in the FBT.

Prediction of MHT
The associations of the pre-test self predicted MHTs with performed MHTs are
expressed in Pearson correlation coefficients. They are: 0.229 (p=0.135) for EWT
and 0.169 (p=0.274) for FBT. If the suggestion of Miedema et al1, which was based
on groups, were to be correct at an individual level, a persons’ MHT could be
predicted by multiplying the holding time at CR-10 score of ‘2’ by five. In this
population, the MHT would be predicted correctly at 18% (n=8) on the EWT and
at 16% (n=7) of the FBT. Taking into account an arbitrarily set margin of error of
20% (±10% over/under predicted MHT) the numbers of correct estimations are
30% (n=13) on the EWT and 31% (n=14) of the FBT. When intra-individual
performances on both tests were associated, the intra-individual correlations of
MHT on both tests should be high. Correlation coefficients are: Pearson of 0.231
(p=0.132) for absolute results, and Spearman of 0.333 (p=0.027) for rank order.

Reliability
The MHTs of test and retest correlated highly and are not significantly different,
indicating a reliable testing procedure. Scores are presented in table 4. However
statistically not significantly different, results on the retest are higher than test
results. This finding appears to be in concordance with the findings in testing order
(table 3) in which the differences are significant in the FBT, but not in the EWT.
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Table 4 Results of test and retest (min.sec, n=19). Test-retest reliability: Pearson correlation
coefficient (r) and t-test for significance of difference

Test Results test Results retest Correlation T-test
Mean sd. Mean sd. r t p

EWT 10.08 6.01 11.56 5.42 0.716** -1.767 0.094*
FBT 11.10 8.01 11.25 5.04 0.813** -0.227 0.823*

EWT: elevated work test
FBT: forward bend test

**: significant at α=0.01
*: not significant at α=0.05

Discussion

Maximum Holding Times
Measured reliably, the results of this study demonstrate that average maximum
holding times of elevated work and of standing forward bend postures of healthy
young adults are 14.51 minutes (EWT) and 16.18 minutes (FBT). Large inter-
individual variations are found. These variations, along with the finding that factors
as gender and the participation in athletic activities did not influence on the results
significantly, contribute to the belief that factors other than physical ones, have
significant impact on the individual test results7,11-13. Without the influence of
psychological factors, the results would probably demonstrate much less inter-
individual variation. Also, based on regular physiology, men and athletes are expected
to have higher MHTs than women and non-athletes. To a certain extent, the results
appear to be ‘non-physiological’. The higher results on the retest and the testing
order (second > first) may also be considered ‘non-physiological’. Motivational
differences may be one of the underlying factors that help to explain these results.
Motivation, however, is not controlled for in this study. It is advised that future
studies should incorporate a measure for motivation and thus control for possible
‘unexpected’ differences in performance.

One of the psychological processes influencing functional performance is known
as functional self efficacy (FSE)11,12. FSE refers to the confidence judgments of a
person regarding the ability to execute or achieve tasks of physical performance
(11). FSE judgments are found to be important predictors of lifting performance in
groups of patients with low back pain12. The extent to which the FSE measure can
be used to explain or predict the task performance of the individual, however, is
yet unknown. The results of this study, considering the limitations of a small sample
size with healthy subjects, underscore the presumption that this is a complex matter
in which various processes interact. In order to emphasize the fact that the measured
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‘output’ is a resultant of both physical and mental factors, it is suggested to use the
term ‘functional performance’ rather than functional capacity13. Consequently, the
assessment of functional performance should be called a ‘functional performance
evaluation’.

As stated in the introduction, a lack of knowledge and consensus is found on norm-
setting with regards to maximum holding times of working postures. The average
performances of the subjects in this study are (substantially) higher than those
mentioned in the introduction. All studies, including this one have studied young
adults. This study does not appear to have the subjects perform a substantially
different or a more interesting or motivating task than the other studies. Our study
does differ in group size; 44 in this study group compared to 7-20 on the others.
None of the samples, however, are large enough to establish population norms. In
a post-hoc analysis we calculated that in order for the current differences in
performance between the genders on the EWT to be statistically significant (α=0.05,
ß=0.80), a sample size of 2300 males and 2300 females is needed. It is then clear
that the results published should be considered as trends and can only be generalized
to a limited extend. The clinical relevance of the differences between the genders
in this test, however, is very limited.

In daily practice of functional capacity (performance) evaluation and occupational
rehabilitation patients are tested rather than healthy young adults. In the absence
of widely agreed upon performance standards for normal uninjured subjects, a
professional is asked to determine whether the performance is limited and, if so,
to determine the origin of the limited performance. For the time being this may
be the ‘best of evils’, but further research on large groups of different ages is needed
in order to develop evidence based guidelines on how long a normal person can or
should hold certain postures. Only when normal performance is standardized,
abnormal performance can be identified. Yet another aspect of norm setting is
criterion based. Population based norms can be discriminating to physically
challenged workers and may be irrelevant to the situation. For example, a person
suffering a frozen shoulder syndrome will perform poorly on the EWT, but should
be able to perform his/her job as a typist without difficulty. Should this person be
a professional house painter, difficulties in the performance of essential job
functions can be expected. A comprehensive and potentially more valid evaluation
would, therefore, assess existing functional status in relation to current or anticipated
work demands (criterion)4. Criterion norms can be established by studying the
workload of the individual worker or by the profession as a group (averaged, not
individualized). A major lapse in knowledge appears to be the absence of an
instrument measuring both the performance of the individual and the work load
reliably and validly.
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Prediction of MHT
The results of this study indicate the testee to be an irreliable source of information
with regards to the prediction of MHTs. Neither a pretest prediction nor an
extrapolation of the experienced load during testing will provide reliable information.
Even with a margin of error of 10% over- and underprediction will identify no more
than 31% (14 out of 44) correct predictions. It must be noted that Miedema et al
have not intended the ‘CR-2 × 5’ formula to be used on individuals. The results of
this study support this statement. The test results between the EWT and the FBT
correlate poorly. Consequently, the results of the performance on the EWT cannot
be used to predict the performance of the FBT or vice versa. When even healthy
individuals are unable to predict their performance reliably, it is expected that
patients predict their performance even less reliably. This is consistent with the
findings of Matheson et al14, who have demonstrated an inverse relationship of
chronicity of pain with perceived functional abilities. It appears that different
constructs are measured when testing performance based or when testing perception
based. Both constructs are relevant but not interchangeable. Consequently, the
choice of testing methods should depend on the construct one wishes to measure.

Neither generic formulas, curve estimations or predictions can reliably predict an
individual’s MHT. The testing procedure used in this study has a high level of
reliability. In order to obtain knowledge about an individual’s MHTs, this individual’s
MHTs are best tested performance based. More research on large groups of subjects,
both healthy and injured, is needed to investigate the influence of non-physiological
factors on the individual’s testing performance, and for normsetting, both population
and criterion based.
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