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Chapter 5
Validity of estimates of spinal compression
forces obtained from worksite measurements
van Dieën JH, Faber GS, Loos RCC, Kuijer PPFM, Kingma I, Van der Molen H & Frings‐Dresen MHW
Ergonomics (2010), 53(6), 792‐800

ABSTRACT
Estimates of peak spinal compression in manual materials handling were compared
between a state‐of‐the‐art laboratory technique and a method applicable at the
worksite. Nine experienced masons performed seven simulated tasks in a mock‐up
in the laboratory and nine matched masons were studied during actual
performance of the same tasks at the worksite. From kinematic and kinetic data
obtained in the laboratory, compression forces on the L5/S1 joint were calculated.
In addition, compression forces were estimated from the horizontal and vertical
position of the blocks handled relative to the subject measured at the worksite.
Comparison of group‐averaged values showed that the worksite method
underestimated peak compression by about 20%. Rank ordering of tasks for back
load was, however, consistent between methods, supporting validity of the
worksite method to compare different tasks or to determine the effects of
ergonomic interventions with respect to mechanical back load.

90

Chapter 5

INTRODUCTION
Low‐back pain is the most common work‐related musculoskeletal disorder
(Andersson, 1999). Its incidence has consistently been shown to be associated with
activities that involve high mechanical loads on the low back, such as frequent
trunk bending and lifting (Hoogendoorn et al., 1999; Lötters et al., 2003). It has
been suggested that high compression forces on the spine occurring during these
activities can lead to low‐back pain by causing injuries of the vertebral endplates
that may go undetected with current diagnostic methods (van Dieën et al., 1999b).
In line with the assumed relationship between low‐back pain and injury due to
compression, ergonomic laboratory studies on measures to reduce low‐back
loading during physically demanding tasks, such as manual materials handling,
have often used spinal compression forces as outcome measures (de Looze et al.,
1996; Davis et al., 1998; Nussbaum et al., 1999; Kuijer et al., 2003; Kingma & van
Dieën, 2004). Since compression forces cannot be measured directly, these studies
have employed model estimates. Usually this involves inverse dynamics models to
estimate the moments around the lumbar spine as a first step. Such models
require accurate measurements of external forces on the body and of movements
of body segments. These net moments are the input for models to estimate forces
on the spine, some of which require additional measurements in the form of the
electromyography of the trunk muscles. While such methods are considered the
standard with respect to validity and reliability, the required measurements are
considered insufficiently feasible in the workplace (van der Beek & Frings‐Dresen,
1998). Indeed, although these methods have been applied in field studies (Norman
et al., 1998; Faber et al., 2008), such applications appear rare. The limited
feasibility has also hampered testing the hypothesis that compression forces are a
cause of low‐back pain. A single case‐control study using compression force
estimates obtained from measurements at the workplace did show a correlation of
low‐back pain incidence to both peak and integrated compression forces during a
shift (Norman et al., 1998). However, compression forces strongly co‐varied with
other parameters of spinal loading, such as shear forces, which precludes definitive
conclusions.
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Both ergonomic practice and epidemiological research into occupational spinal
loading would benefit from a simple and easily applicable method to estimate
compression forces on the spine. Such a method should allow data acquisition with
inexpensive instrumentation in limited time (van der Beek & Frings‐Dresen, 1998).
It should provide valid estimates of at least the peak compression force during a
task, since mechanical injury models suggest that magnitude of the compression
peaks and the frequency of their occurrence primarily determine the probability of
injury (van Dieën & Toussaint, 1997; Parkinson & Callaghan, 2007). While it would
be ideal to be able to obtain individual estimates of back load during performance
of various tasks of a job, for most ergonomic and epidemiological applications, it
would suffice if valid estimates can be obtained at a group level.
Potvin (Potvin, 1997) has proposed a model to estimate peak compression forces
in lifting, which would appear to allow data acquisition with inexpensive
instrumentation in limited time. It requires as inputs only load mass, body mass
and the horizontal and vertical position of the object handled relative to the
subject, defined according to the NIOSH equation for evaluation of manual lifting
(Waters et al., 1993). However, its validity has to our knowledge not been assessed
independently. The aim of the present study therefore was to assess the validity of
estimates of peak compression force obtained using Potvin’s model by comparing
the results to estimates obtained using laboratory based methods.

METHODS
In the current study, we compared compression estimates as obtained from
measurements in a laboratory setting to estimates obtained from measurements
obtained at the work site. First, a set of tasks was selected based on observations
of masons handling sandstone building blocks (van der Molen et al., 2008). The
most common and demanding tasks were subsequently studied in a laboratory
study. This study was previously described extensively (Faber et al., 2007; Faber et
al., 2009b) and the methods are briefly described in the following section. From
the set of tasks performed in the laboratory, seven conditions were selected to be
studied in the field using Potvin’s model. Measurements were done among a
sample of workers matching the population studied in the laboratory (see
“Worksite measurements and analysis”).
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Laboratory experiment and analysis
Nine healthy male masons, with a minimum experience of 6 months participated
in the laboratory study after signing an informed consent form approved by the
local ethics committee. Their average age, height and body mass were 36 (SD 13)
years, 1.84 (SD 0.08) m and 89 (SD 14) kg, respectively. For the present study, trials
were analysed in which blocks were handled with masses of 14 kg and dimensions
of 44 x 10 x 20 (width x depth x height) cm. The protocol consisted of block lifting
and block placing tasks (Figure 5‐1; Table 5‐1). We selected lifting tasks with the
highest and lowest vertical initial position of the block and the minimum and
maximum horizontal distance from the edge of the pallet closest to the subject.
Maximum horizontal distance was determined by the subjects, as they could
choose how many blocks they would lift before stepping on or moving to the other
side of the pallet. We therefore selected the third block from the edge of the
pallet, which was the furthest still lifted by all subjects.
Table 5‐1. Two‐handed lifting and placing tasks as performed in the laboratory study and observed at the
worksite. H and V are the mean initial horizontal and vertical positions (SD) (m) of the block as measured in
the laboratory according to the NIOSH equation for the evaluation of manual lifting tasks.
Task
Position
H (SD) (m)
V (SD) (m)
1. lifting
1st row, 1st layer on pallet
0.51 (0.04)
0.35 (0.01)
2. lifting
3rd row, 1st layer on pallet
0.65 (0.04)
0.34 (0.01)
0.46 (0.08)
0.90 (0.01)
3. lifting
1st row, top layer on pallet
0.61 (0.06)
0.90 (0.01)
4. lifting
3rd row, top layer on pallet
5. placing
floor level
0.47 (0.06)
0.24 (0.02)
6. placing
hip height
0.49 (0.05)
1.26 (0.11)
7. placing
shoulder height
0.46 (0.07)
1.57 (0.13)

Compression forces were estimated with a 3D Linked Segment Model (LSM) and a
regression equation relating net moments to compression forces. First, using
anthropometrical data, kinematics of (body) segments and external forces as
input, the LSM described by Kingma et al. (Kingma et al., 1996) estimated the net
moment (Mlab) and reaction force at the L5/S1 joint. Body kinematics were
measured using clusters of 3 LED markers strapped to each segment. The positions
of the markers were measured at a sampling rate of 50 samples/s using an
Optotrak system (Northern Digital Inc., Canada). Ground reaction forces were
measured using a custom‐made 1 x 1 m force plate at a sampling rate of 200
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samples/s. Kinematic and force plate data were low‐pass filtered at 10 Hz before
these data were used as inputs to the linked segment model.

Figure 5‐1. Illustrations of the lifting tasks studied at the worksite (left) and in the laboratory (right).
Photographs on the top row illustrate task 4 (lifting from the top layer and third row on the pallet), bottom
photographs illustrate task 2 (lifting from the 1st layer and third row on the pallet).
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Total 3D net moments and reaction forces at the L5/S1 joint were calculated, using
the kinematics of the segments below the L5/S1 joint (pelvis, upper legs and lower
legs plus feet) and the ground reaction forces as input. The compression force
produced by the trunk muscles at the L5/S1 joint (Cmuscle) was estimated using Mlab
in a regression equation reported by van Dieën and Kingma (2005):
Cmuscle = Mlab / 0.059 + 434

[1]

Total compression force at the L5/S1 joint (Clab) was obtained by adding the L5/S1
compression component of the net reaction force (estimated by the LSM).
To investigate the sources of differences between laboratory and worksite results
(i.e. setting in which measurements were obtained or analysis method), we applied
the worksite method (outlined in the following section) to data collected in the
laboratory. Since the moment of lift‐off or touch down could not exactly be
determined from the laboratory data, we defined the input parameters H and V for
Potvin’s model as Hlab and Vlab at the instant of peak compression force, which is
expected to occur slightly after lift‐off and before touch‐down in lifting and
placing, respectively. Using these values we estimated moments (MlabPotvin) and
compression forces (ClabPotvin) using the procedure outlined in following section.

Worksite measurements and analysis
Nine male masonry workers, with more than 6 months experience participated in
the field study, after signing an informed consent approved by the local ethics
committee. The average age of the nine participants was 36 (SD 13) years. Their
average height and body mass were 1.86 (SD 0.09) m and 89 (SD 16) kg,
respectively. Body mass and height were determined at the worksite, while they
were wearing trousers, a shirt and their shoes.
Measurements were performed by one trained observer during performance of
the seven tasks described in Table 5‐1, while the masons were handling 14 or 15 kg
blocks of the same size as in the laboratory study (Figure 5‐1). The participants
were asked to perform their normal tasks, while they were observed. Whenever,
one of the two‐handed lifts to be studied was performed, the participant was
asked to briefly interrupt the action at the instant of lift‐off (when lifting) or touch‐
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down (when placing) of the object. In this position, the horizontal (H) and vertical
(V) distance of the block relative to the mason were measured, according to the
NIOSH equation for evaluation of manual lifting (Waters et al., 1993). To measure
H, first the projections of the medial malleoli on the floor were marked and the
midpoint on the line connecting these points was determined and marked.
Subsequently, the midpoint between the left and right MCP III joints was
determined using a non‐elastic cord as an aid and the projection on the block to be
lifted was marked. Hworksite was defined as the horizontal distance between the
midpoint between the malleoli and the midpoint between the MCP III joints. The
midpoint between the MCP joints was also used to determine Vworksite. For the
lifting tasks, the blocks had to be lifted from a pallet. When this condition was not
met at the specific worksite, lifting tasks from similar vertical positions were
accepted. The measurements were performed in the order as observed. However,
measurements of the same task were repeated only after the participant had
handled at least two blocks under different task conditions. Hworksite and Vworksite
were estimated as the mean of the three measurements.
The model developed by Potvin (Potvin, 1997) was used to estimate the peak
L5/S1 compression force during each activity. In addition, to the measurements
described above trunk angle is an input to the model. However, Potvin also
proposed a method to estimate minimum and maximum trunk angles relative to
the horizontal (TAmin and TAmax) compatible with the given H and V. These
estimates were obtained for each task and participant using:
TAmin = ‐33.86 + (‐50.57 × H2) + (130.13 × V) + (‐32.28 × V2)

[2]

TAmax = 13.86 + (105.40 × H) + (‐154.64 × H2) + (75.21 × V) + (‐17.92 × V2)

[3]

Upper body weight and block weight were estimated using:
WtCM = 9.81 × 0.54 × body mass

[4]

WtLD = 9.81 × 14

[5]

Note that block mass was set to 14 kg in equation 5, equal to block masses
handled in the laboratory, even though occasionally 15 kg blocks were lifted.
Subsequently, the compression forces were calculated for the range between TAmin
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and TAmax with steps of 0.1 degrees as follows. First the horizontal moment arms
from L5/S1 to the upper body centre of mass (MACM) and to the block (MALD) were
calculated as:
MACM = ‐0.032 + (0.104 × H) + (‐0.004 × V) + (0.000356 × TA) + (0.354 × cos (TA)) [6]
MALD = ‐0.144 + (0.991 × H) + (‐0.031 × V) + (0.001930 × TA) + (0.281 × cos (TA)) [7]
Subsequently, the net moment around the L5/S1 joint (Mworksite) and the
compression force acting on this joint (Cworksite) were estimated from a static
equilibrium approximation using:
Mworksite = (WtCM × MACM) + (WtLD × MALD)

[8]

Cworksite = (Mworksite / 0.06) + sin (TA) (WtCM + WtLD)

[9]

The median of the series of compression force estimates per participant per
condition (dependent on TA) was selected for further analysis.

Statistics
Age, height and body mass of the participants in the laboratory and worksite
measurements were compared using independent t‐tests. Mixed‐design ANOVAs
with task as a within subject factor were performed to compare Clab to Cworksite and
Mlab to Mworksite and to compare ClabPotvin to Cworksite and MlabPotvin to Mworksite. Post‐
hoc independent t‐tests were performed to compare methods within tasks
without correction for repeated testing, since we considered type II errors more
problematic than type I errors in the present context. Subsequently, we used
repeated measure ANOVAs with task and method as within subject factors to
compare Clab to ClabPotvin and Mlab to MlabPotvin. Post‐hoc, paired t‐tests were
performed to compare methods within tasks, without correction for repeated
testing. To compare Hlab to Hworksite and Vlab to Vworksite mixed‐design ANOVAs and
post‐hoc independent t‐tests were performed. For all ANOVAs, Greenhouse‐
Geisser corrections were applied, when sphericity assumptions were violated.
Finally, after averaging across subjects, within tasks, Pearson’s correlations (R)
were calculated between estimates of low‐back load obtained using the different
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methods and between the estimates of H and V obtained in the laboratory and at
the worksite. A |R| ≥ 0.80 was considered good, 0.60 ≤ |R| <0.80 moderate and
|R| < 0.60 as poor.

RESULTS
The estimates of L5/S1 compression force were significantly different between the
laboratory and worksite methods, this main effect was modified by an interaction
with task. Depending on the task, values for Cworksite were from 975 to 2016 N
(mean 1283 N or 31%) lower than Clab (upper panel of Figure 5‐2, Table 5‐2). By and
large the same pattern of differences between the two methods was found over
tasks for moment estimates (lower panel of Figure 5‐2, Table 5‐2), with Mworksite
being from 24 to 93 Nm (mean 46 Nm or 26%) lower than Mlab.
Table 5‐2. Results of mixed‐design ANOVAs with task and method (3D dynamic analysis vs. Potvin model
applied to worksite measurements) for L5/S1 compression force (C) and moment (M) and with task and
method (Potvin model applied to laboratory data and worksite measurements respectively) for L5/S1
compression force (C) and moment (M) and the horizontal (H) and vertical (V) distance of the block relative
to the participant at lift‐off in lifting or at touch‐down in placing.
Dependent
Task
Method
Interaction
variable
3D dynamic analysis vs. Potvin model worksite data
C
F6,96 = 128.6 p < 0.001
F1,16 = 43.3
p < 0.001
F6,96 = 4.7
p < 0.001
F1,16 = 17.5
p = 0.001
F6,96 = 5.2
p < 0.001
M
F6,96 = 184.5 p < 0.001
Potvin model laboratory data vs. Potvin model worksite data
p < 0.001
F1,16 = 6.9
p = 0.018
F3,45* = 1.6
p = 0.215
C
F3,45* = 216.5
*
p < 0.001
F1,16 = 8.8
p = 0.009
F3,48* = 2.0
p = 0.131
M
F3,48 = 272.0
p < 0.001
F1,16 = 25.1
p < 0.001
F6,96 = 1.8
p = 0.105
H
F6,96 = 7.4
p < 0.001
F1,16 = 16.4
p = 0.001
F2,38* = 11.8 p < 0.001
V
F2,38* = 761.4
* after Greenhouse‐Geisser correction

To determine whether the above differences were due to differences between
analysis methods or between settings, we compared estimates obtained using
Potvin’s model on data in both settings. This revealed somewhat higher estimates
based on the laboratory data, with differences averaging 300 N and 16 Nm for
compression and moment estimates respectively (Figure 5‐2). However, these
differences were not significant (Table 5‐2). Estimates of back load obtained from
laboratory data were overall higher for the dynamic 3D analysis compared to
Potvin’s model and the method significantly interacted with the task performed
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(Table 5‐3). Differences ranged from 610 to 1627 N (mean 978 N) for compression
estimates and from 11 to 69 Nm (mean 30 Nm) for moment estimates (Figure 5‐2).

Figure 5‐2. Mean L5/S1 compression force (upper panel) and L5/S1 moment (lower panel) estimates for
each task and each of the three methods. The error bars indicate one standard deviation. Task numbers
refer to the tasks specified in Table 5‐1. + indicates a significant difference (p < 0.05) between the 3D
dynamic model results and the results of Potvin’s model applied to worksite data (independent t‐tests). o
indicates a significant difference between the 3D dynamic model results and the results of Potvin’s model
applied to laboratory data (paired t‐tests).
Table 5‐3. Results of repeated measures ANOVAs with task and method (3D dynamic analysis vs. Potvin
model applied to laboratory measurements) for L5/S1 compression force (C) and moment (M).
Dependent
Task
Method
Interaction
variable
C
F1,8 = 144.6
p < 0.001
F1,8 = 917.8
p < 0.001
F6,48 = 95.6
p < 0.001
M
F1,8 = 38.0
p < 0.001
F1,8 = 799.2
p < 0.001
F6,48 = 115.4
p < 0.001

The latter comparisons indicate that of the averaged differences of 31% and 26%
between compression and moment estimates obtained with the 3D dynamic
analysis and the worksite measurements maximally one third was due to
differences between the two settings. Differences due to setting could result from
differences in subject characteristics and/or differences in H and V. There were no
significant differences in height and body mass between the two groups of
subjects. In addition load mass was 14 kg in the laboratory experiment and was set
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at 14 kg for the analysis of the field data. Significant differences between
laboratory and worksite were however found for H and for V as well as significant
interactions of setting and task (Table 5‐2). Therefore, independent t‐tests were
performed to compare H and V between settings for each task separately. Average
differences in H were substantial compared to between task differences, with
higher values in the laboratory data for all tasks ranging from 0.07 to 0.22 m (16 to
35%) and differences were significant in most cases (Figure 5‐3). In addition, for
most tasks significant differences in V were found between the laboratory and
worksite data. However, these effects, per task ranging from ‐0.16 to 0.07m (‐10 to
14%), were small compared to between task differences.
While the above analyses revealed systematic differences between analysis
methods, high correlations between all corresponding averaged estimates of low‐
back load obtained were found (all R > 0.96; p <0.01). Estimates of low back load
obtained in both settings correlated inversely with corresponding values of V (all R
< ‐0.95; p < 0.01) but not significantly with values for H (R = ‐0.1 ‐ 0.75; p > 0.05).
Finally, V was highly correlated between settings (R = 0.99; p < 0.01), while the
correlation between Hlab and Hworksite was not significant (R = 0.61; p = 0.146).

Figure 5‐3. The horizontal (H) and vertical (V) distance of the block relative to the participant at lift‐off in
lifting or at touch‐down in placing, as determined at the worksite and laboratory. + indicates a significant
difference(p < 0.05) between the worksite and laboratory data (independent t‐tests).
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DISCUSSION
The present study was aimed at validating estimates of back load in manual
material handling based on Potvin’s model (Potvin, 1997), which uses simple input
measurements that can be obtained at the worksite by a comparison to estimates
obtained with ‘state‐of‐the‐art’ dynamic analysis based on laboratory methods.
The estimates obtained with the latter method were thus used as the ‘gold
standard’ in the present study. The method comprises two steps. First L5/S1
moments were estimated using a 3D LSM, next compression forces were
estimated using a regression model. The moment estimates are based on Newton‐
Euler mechanics, but do involve assumptions regarding the mass distribution
between and within body segments. The latter were validated by a high
correlation between L5/S1 moments calculated with a lower‐body model and
those estimated with an upper‐body model (Kingma et al., 1996; Faber et al.,
2008). Direct measurement of compression forces is at present not feasible and
the compression force depends on how the net moment is distributed over the
muscles spanning the joint. The procedure used to estimate compression forces in
the present study was developed based on a model driven with electromyographic
signals. The predictions of this model were shown to be highly correlated to those
obtained using an optimisation‐driven model. The consistency of the results
obtained using two quite different approaches to predict the distribution of the
net moment over the lumbar musculature supports the validity of both and thus of
the regression equation used in the present study.
Substantial and systematic differences in estimates of L5/S1 moments and
compression forces between the worksite method and the laboratory method
were found. Moreover, significant interactions between method and task analysed
on these back load estimates were found. In spite of these interactions, at the
group level high correlations were found between corresponding estimates of back
load obtained in the laboratory and at the worksite (|R| ≥ 0.95) and rated as good.
This implies that tasks would be ranked similarly by both methods.
The interaction effects on back load estimates were mainly apparent in a relatively
large difference between methods in task 7, placing blocks at shoulder height.
Inspection of the kinematic data of the right arm confirmed for most tasks that the
instant of peak compression was close to lift‐off or touch‐down as assumed in our
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definition of H and V in the laboratory data. Furthermore, recalculation of moment
and compression estimates with Potvin’s model for the initial and final positions of
the block on the pallet for the lifting and placing tasks yielded only small
differences from the estimates obtained at the instant of peak compression (< 10%
averaged over tasks). The positions of lift‐off and touch‐down would be
intermediate to these initial and final positions on one hand and the position at
peak compression on the other hand. However, in task 7, peak compression force
did not always occur close to the instant of touch‐down of the block, but often
when accelerating the block upward to move it to that position. As Hlab and Vlab
were determined at the instant of peak compression, this led to larger values for
Hlab and smaller values for Vlab than Hworksite and Vworksite, respectively and a
substantial inertial contribution to back load in the dynamic analysis, underlying
the substantially higher back load estimates obtained for this task in dynamic
analysis of the laboratory data. This interaction did not affect the ranking of the
tasks, because back load was overall substantially lower in task 7 than in all other
tasks.
The laboratory experiment was designed to simulate the real‐life tasks as well as
possible, and the comparison between back load estimates using Potvin’s model
on laboratory and worksite data did not reveal significant differences. However,
part of the difference between the laboratory and worksite methods did result
from the setting, as is shown by the larger differences between Clab and Cworksite (as
well as Mlab and Mworksite) than between Clab and ClabPotvin (and Mlab and MlabPotvin).
Subject characteristics were well matched between measurements in the two
settings, although the fact that body mass measured at the worksite included the
mass of shoes and clothes implies that these subjects were slightly less heavy.
More importantly, the settings clearly differed with respect to H and V. In general,
H and V were larger in the laboratory setting. In Potvin’s model, estimates of back
load increase with H and decrease with V in a nearly monotonic way. Therefore,
different values for H in the two settings caused the (non‐significant) differences in
back load estimates between settings, although differences in back load between
tasks were mainly explained by V. While the differences in V between settings
were small relative to the differences between tasks, the differences in H between
settings were substantial. The small differences in V can probably be explained by
the fact that dimensions of the workplace, which were the basis for selecting the
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tasks at the worksite to match them with the laboratory tasks, strongly determine
V. H on the other hand may be much more dependent on individual behaviour
(Faber et al., 2007). The systematic differences in H may have been due to the
constraint imposed by the requirement to stand on the force plate in the
laboratory experiment, or alternatively by stopping the motion to perform the
measurements in the field study, which may have led to more symmetric foot
positions (cf. Figure 5‐1 lower panels).
The differences between Clab and ClabPotvin as well as Mlab and MlabPotvin result from
differences between analysis methods only. Accepting the 3D dynamic analysis as
the ‘gold standard’, these differences indicate a lack of accuracy of Potvin’s model
for tasks such as studied here. The systematic difference between Clab and ClabPotvin
was on average 24%, while the difference between Mlab and MlabPotvin was only
17%. This indicates that of the difference in compression force estimates about
one third was due to the differences between the models to estimate compression
based on moments. While both models assume similar muscle moment arms
(0.059 m vs. 0.06 m), equation 1, used in the 3D dynamic analysis, has an intercept
of 434 N, which would cause a systematically higher compression estimate for the
same moment by the laboratory method than by Potvin’s method. Furthermore,
the net joint reaction force estimate in Potvin’s model, the last term in equation 9,
is a static estimate, whereas the dynamic reaction force is taken into account in
the laboratory method. The dynamic component of the reaction force in lifting has
been estimated at approximately 150 N (Dolan et al., 1999). These two factors can
more than account for the third of the difference between methods and are partly
offset by differences in assumptions on the orientation of L5/S1 disc relative to the
trunk and pelvis segments.
Further differences between models are also apparent in the comparison between
Mlab and MlabPotvin, which differed by approximately 17%. Potvin’s model is based
on a static equilibrium equation, whereas the tasks studied, as any realistic manual
materials handling task, were dynamic in nature. This may well account for the
difference in back load estimates, as static modelling has been shown to cause an
11 to 38% underestimation of low back moments during lifting (Leskinen, 1985;
McGill & Norman, 1985; Tsuang et al., 1992; de Looze et al., 1994; Lindbeck, 1995).
Furthermore, Potvin’s model is based on symmetry of load handling, whereas the
tasks studied were not strictly symmetric. However, total moments are not
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strongly affected by asymmetry in lifting (Kingma et al., 1998). Furthermore,
asymmetric lifting does not lead to systematically higher compression forces than
symmetric lifting (van Dieën & Kingma, 1999a, 2005), as is reflected in equation 1.
Therefore, ignoring asymmetry does not necessarily contribute to the
underestimation of the L5/S1 moment and compression by Potvin’s model. Finally,
estimates of the L5/S1 moment in Potvin’s method strongly depends on the
estimation of the trunk angle. For this reason, Potvin’s model originally includes
measured trunk angles as inputs. However, this requires additional measurements,
which are not easily obtainable at the worksite. Recently we have shown that
inertial sensor measurements can be used to obtain such data (Faber et al.,
2009a). As such sensors can be applied at the worksite, this may provide a next
step forward in worksite estimation of back load. In addition, inertial sensor
measurements can be used to obtain information on trunk and load acceleration,
which might further improve the results.
In the present study, only a limited number of subjects participated. For the
measurements at the worksite we obtained data from nine participants and we
performed three measurements per participant per task. Bootstrap analysis (Briggs
et al., 1997) on the current data showed that these numbers were sufficient to
estimate the input parameters H and V, since the sample mean showed no change
with increasing numbers of observations and the variance remained relatively
constant beyond these numbers. In the laboratory study, nine subjects
participated and we performed two measurements for each task based on a
bootstrap analysis of previously collected data (van Dieën et al., 2002). We are
therefore confident that the present results can be generalised to other subjects
within the same profession.
Obviously generalisability does not necessarily extend to different populations and
to different types of lifting tasks. Especially the latter aspect requires careful
consideration. At first sight the high correlation between back load estimates
would support the validity of Potvin’s model for comparative use in lifting.
However, differences in back load between tasks in the present study appeared
largely due to variance in vertical position of the load. While vertical position is an
important determinant of back load in lifting in general (Hoozemans et al., 2008), it
cannot be ascertained whether differences due to other factors can be discerned
equally well with Potvin’s model. Hence the accuracy of the model for, for example
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more asymmetric tasks, or a wider range in horizontal distances remains to be
shown.

CONCLUSION
Systematic differences in biomechanical back load estimates during manual
handling tasks were found when comparing a method based on worksite
measurements to laboratory based dynamic analysis, with the underestimation by
the analysis method based on worksite measurements amounting to
approximately 20%. The results indicate that, to improve accuracy, worksite
methods need to take dynamic factors into account. In spite of an interaction
between task and analysis method, rank ordering of tasks for back load was
consistent between methods, supporting validity of the worksite method to
compare different tasks or to determine the effects of ergonomic interventions
with respect to mechanical back load. However, the generalisability of this finding
requires further study.
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