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0 bjectives Reliable, valid, and compatible methods are required for exploring the complex interactive effects of 
psychosocial and physical stressors on complaints and disorders. An instrument for assessing physical work load 
that integrates information from a biomechanical model of lumbar load is presented and validated. 
Methods Four hundred and fifty-five people working in nursing homes for elderly people in Germany filled out 
the developed questionnaire 3 times within 1 year. Test-retest reliability was calculated, and validity was checked 
several times. Relationships with other, theoretically related and unrelated variables were examined. 
Results The test-retest reliability of the questionnaire measures was about 0.65. The convergent and discriminant 
validity was satisfactory, and the questionnaire was able to separate professional subgroups with different physical 
work loads. The Spearman rank-order correlations between physical load and musculoskeletal complaints were 
about 0.30. 
C O ~ C ~ U S ~ O ~ S  The method developed in this study is a reliable and valid instrument for assessing physical work 
load. The integration of statistical methods from psychological testing and theory in the development of methods 
exploring the effects of physical work load is advocated. 

Key terms load on the lumbar spine, low-back pain, musculoskeletal symptoms, neck pain, physical work load, 
psychosomatic complaints. 

Disorders and complaints regarding the musculoskeletal 
system are the most frequent reasons for sick leave in 
Germany (I),  as in other industrialized countries (2, 3). 
For the prevention of such disorders and complaints, in- 
formation is needed on factors contributing to their patho- 
genesis. During the last several years it has become in- 
creasingly clear that both physical work load and psy- 
chosocial factors at  work contribute to the development 
of musculoskeletal problems (2, 4-6). Unfortunately, 
these 2 sets of factors, physical and psychosocial, have 
only been studied separately in most cases. The unknown 
covariation of physical and psychosocial demand factors 
across workplaces makes it difficult to estimate the "true" 
influence of either set of factors. In addition, there may 
be  complex interactions between the 2 factors. If one is 
interested in the complex and probably interactive effects 
of physical and psychosocial stressors on musculoskele- 
tal problems, information on physical and psychosocial 
work load has to be combined - and thus should be as- 
sessed in compatible ways. 

The instruments used for the integration of informa- 
tion from the 2 sources, physical and psychosocial, 
should have sufficient reliabilities, and their validities 
should have been proved. But the instruments that are 
available for measuring and determining physical work 
load on the one hand and psychosocial stressors on the 
other - that also fulfill criteria for reliability and valid- 
ity - often differ in  their measurement approach. More 
precisely said, many good measures of physical work 
load are observational in nature (7). Instruments in  this 
class of measurement methods are exact in their deter- 
mination of an index of physical work load (eg, body 
postures, consumed energy, etc), but they are also very 
time-consuming and thus allow the examination of small 
samples (up to 20 subjects) only. Psychosocial stressors, 
in contrast, are assessed by means of questionnaires (8, 
9), a technique that builds on psychological-statistical 
measurement theory. For such methods, large samples are 
needed (at least >I00 subjects) to provide results that are 
stable across samples and therefore have theoretical and 
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practical relevance. These different approaches result in 
difficulties in combining the information from the instru- 
ments, at least at the person level, so that little is known 
on how physical work load and psychosocial stressors 
interact in causing musculoskeletal problems (10). 

A wide range of questionnaires on physical work load 
is already available. But the reliability and validity of 
these scales have not been checked in most cases and 
therefore must be regarded as questionable (11). Two 
strategies are suggested on how to check a questionnaire 
on physical work load (1 1). The first is to compute the 
test-retest reliability. A high test-retest comelation indi- 
cates that physical work load has been assessed reliably 
and with only little random error because random meas- 
urement error at one point in time does not correlate with 
random measurement error at any other point in time. The 
second is to check the validity of the instrument. This 
check can be performed by comparing the mean squares 
within and between homogeneous groups of workers with 
the same job. The mean square within the groups should 
always be significantly lower than the mean square be- 
tween the groups. If an instrument is not able to separate 
groups with objectively different physical work loads, it 
cannot be a valid indicator of individual work load. 

Furthermore a questionnaire is valid only if the re- 
sulting measures correlate to a greater extent with theo- 
retically related variables (convergent validity) than with 
theoretically unrelated variables (discriminant validity) 
(12, 13). For example, a meaningful index of physical 
work load in one body region (eg, the lower back) should 
correlate to a greater extent with reported problems in 
that, or a close, body region than with problems in more 
distant body regions (eg, the hands or feet). Moreover, 
the relation should be stronger for people with greater 
exposure to the stressor (eg, full-time workers) than for 
people less exposed to the stressor (eg, part-time work- 
ers). When variables are being selected for discriminant 
validation, a look at some current developments in the 
area of psychological stress-strain research can be help- 
ful. In this field, it has been reported that a general ten- 
dency to report things in a negative manner ["negative 
affectivity" (14-16)] may influence the relations 
between stressors and strain when both are subjectively 
assessed. People with a tendency to report things nega- 
tively generally report more psychosomatic complaints 
(16, 17), less work satisfaction (16), and less self-effica- 
cy (18, 19) than people without this tendency. If no cor- 
relations between these variables and the subjectively 
assessed physical work load are found, it could be con- 
cluded that the physical work load measure is not affect- 
ed by negative affectivity. 

One common problem of questionnaires assessing 
physical work load is the lack of theoretical models that 
determine which items should be selected and, therefore, 
which stressors should be assessed. But such a 

theoretically guided item-selection process seems to be 
essential. Some of the possible physical work load stres- 
sors may be more important than others for different 
forms of musculoskeletal problems, and the combined 
effects of stressors might otherwise be overlooked. 

In the following report we describe the validation of 
a questionnaire (20) that is suitable for large epidemio- 
logic studies on physical work load. The questionnaire 
is based on a sophisticated biomechanical model describ- 
ing forces in the lumbar spine during work activities (21). 
Reliability and different aspects of validity were tested 
according to the principles already presented in this re- 
port. 

Subjects and mefhods 

Study design 

The reported data are part of a large longitudinal study 
on different aspects of work in German nursing homes 
for elderly people. The questionnaires were administered 
3 times, in the spring of 1996, the autumn of 1996, and 
the spring of 1997. The participants filled out the ques- 
tionnaire in small groups of 5 to 25 people during nor- 
mal workhours, while one member of the research team 
was present. Participation was voluntary. No contact with 
co-participants was allowed during the procedure. Con- 
fidentiality was assured by giving each participant an in- 
dividual code number which was accessible only by the 
members of the research team. 

Subjects 

All staff members of 16 nursing homes at the time of the 
first collection of responses were asked to participate in 
the study. Only those who filled out the questionnaire 
the first time were asked to fill out the questionnaire on 
the 2 later occasions. The number of participants was 
610, 530 and 491, respectively. The subjects belonged 
mainly to the following 4 job categories: nursing, serv- 
ice, social work, and management. Altogether 455 
persons (45.5% of all the staff members of the partici- 
pating nursing homes) filled out the questionnaire all 3 
times. Table 1 gives basic information on the biographi- 
cal characteristics of the sample. 

Instruments 
All the described instruments were embedded in a larger 
questionnaire asking about different aspects of work de- 
sign, most of them psychological (eg, job satisfaction, 
control, ambiguity, etc). 

Questionnaire on physical work load, Probably the most 
important factors contributing to physical work load - 
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especially when occupational work conditions are being 
researched - are unfavorable postures of the body or the 
extremities, like bending, twisting, kneeling, or squatting, 
as well as the handling of heavy loads required during 
work (22,23). Therefore we decided to assess such loads. 
A questionnaire with 19 items describing these work sit- 
uations was constructed. In the questionnaire, whose 
English version is presented in appendix I, the items were 
also presented as pictograms. Five of the items described 
postures of the trunk (in the following text the item iden- 
tifications are given in parentheses): straight, upright (TI) 
(trunk bent 5 degrees forward), slightly inclined (T2) 
(trunk bent 45 degrees forward), strongly inclined (T3) 
(trunk bent 75 degrees forward), twisted (T4), and later- 
ally bent (T5). Three items asked for the following posi- 
tions of the arms: 2 arms below shoulder height (Al), 1 
a m  above shoulder height (A2), and 2 arms above shoul- 
der height (A3). Five items asked for positions of the 
legs: sitting (LS), standing (L2), squatting (L3) (trunk 
bent 15 degrees forward), kneeling on one or both knees 
(L4), and walking or moving (L5). Six items described 
the lifting of weights. Three concerned lifting with the 
trunk upright (Wul-Wu3) and 3 with the trunk inclined 
60 degrees (Wil-Wi3). Each set of 3 items asked for lift- 
ing of light weights (<SO kg; Wul  & Wil), medium 
weights (10-20 kg; Wu2 & Wi2) and heavy weights (> 
20 kg; Wu3 & Wi3). 

For the construction of an index for the physical work 
load of each person the total compressive force acting at 
the lower lumbar spine was determined for all the body 
postures and loads contained in the items. With the use 
of the biomechanical model "The Dortmunder" (21), the 
compressive forces at the lumbosacral disc L5-S 1 that 
resulted from different body postures with or without the 
handling of loads can be estimated. The index of physi- 
cal work load discussed in this report does not cover the 
"real" compressing force on the lumbosacral disc (eg, in 
kilo-Newtons) for each person at one given moment, but, 
instead, the relative contribution of compressive forces 
caused by the body postures and the handling of weights 
described in the items to the overall load of the spine. 
Therefore, all the calculated parameters were derived 
from an arbitrarily chosen person who was 174 cm tall 
and who weighed 66 kg. The compressive forces 
resulting from the 4 postures trunk upright (5 degrees for- 
ward), 2 arms below the shoulder, standing without lift- 
ing weights, and sitting without lifting weights (items TI ,  
A l ,  L l ,  L2) equaled the lowest compressive force and 
were regarded as a standard for further calculations. The 
index of physical work load is a weighted summation of 
the scores of the remaining 15 items. The weight of each 
item is the difference between the compressive force at 
the posture given by that item and the "standard com- 
pressive force" on the lumbar spine. The weighing fac- 
tors and the complete formula, which is a simplified 

version of the formula described in Klimmer et a1 (20), 
are presented in appendix 11. 

Our aim was to construct a questionnaire that meas- 
ures physical load factors which might possibly interact 
with psychosocial factors in the determination of differ- 
ent forms of strain (musculoskeletal problems, psycho- 
somatic complaints, etc). Because it can be assumed that 
these processes take longer times to develop, we were 
interested in the physical workload factors that affect 
persons regularly. Therefore, we asked for an average 
frequency of occurrence of body positions or the handling 
of loads during ordinary daily work. The answers were 
given on a 5-point rating scale ranging from "never" to 
"very often". The weighting factors from a biomechani- 
cal model were multiplied by the item scores of the cor- 
responding body postures reported in the questionnaire 
and then added to an index of physical work load. This 
index is a measure of physical work load on the lower 
lumbar spine within longer time frames (days to months). 
On the assumption that most factors contributing to phys- 
ical work load in certain regions of the body also affect 
the lower lumbar spine, it seemed reasonable to regard 
this index as an equivalent to the overall work load. 

For purposes of validation, we constructed another 
index ("standard positions index"), which was an un- 
weighted combination of the 4 items not contributing to 
the workload index (standard positions: items T l ,  A l ,  L l ,  
L2). A low correlation between this index and the work- 
load index and also with musculoskeletal problems (see 
the following text) would indicate that method variance 
(because of some form of response bias) is not responsi- 
ble for any observed relation between the workload in- 
dex and other scales. 

Questionnaire on musculoskeletal symptoms. Symptoms 
in different body regions were recorded by means of a 
German version of the general form of the Nordic ques- 
tionnaire for the analysis of musculoskeletal symptoms 
(24). This questionnaire asks for musculoskeletal prob- 
lems in 9 body regions during the last 12 months and the 
last 7 days and also inquires as to whether these prob- 
lems were restricted to normal work during the last 12 
months. For the validation procedure of the described 

Table 1. Sociodemographic information on the sample 

Function N Agea Tenurea Womena Part-timea 
or job title (years) (years) (N) workers 

(N) 

Nursing 300 38.71 7.85 265 69 
Service 116 43.70 9.55 103 41 
Social workers 25 40.00 5.67 22 9 
Managing directors 14 45.29 11.15 4 0 
Complete sample 455 40.25 8.26 394 119 

a Number of missing values: 2 for age, 9 for tenure, 1 for number of 
women, 2 for number of part-time workers. 
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workload index we needed a few easy-to-handle and 
psychometrically sound indicators (eg, with acceptable 
Cronbach's alpha and test-retest-reliabilities and with a 
distribution approximately equaling the normal distribu- 
tion) for musculoskeletal problems. Therefore we con- 
structed scales from the items of the Nordic questionnaire 
that were coded as follows: neither symptoms nor restric- 
tions = 0, symptoms in the last 12 months but not in the 
last 7 days and no restrictions = 1, symptoms in the last 
12 months and either symptoms in the last 7 days or re- 
strictions = 2, symptoms in both the last 12 months and 
the last 7 days and, in addition, restrictions = 3. 

These indicators were factor analyzed with an analy- 
sis of main components because we wanted to have 2 or 
more statistically almost independent measures of the 
physical workload indices for validation purposes. Like 
the basic-positions index that has already been described, 
the correlations of the indices of musculoskeletal prob- 
lems with the workload index should result in a theoreti- 
cally meaningful pattern. The correlations of our physi- 
cal workload index with problems in proximal regions 
like the back should be higher than with problems in dis- 
tal body regions like the hands or the feet. An analysis 
of the eigenvalues showed that extraction of either 1 or 
of 2 factors seemed reasonable (eigenvalues of 3.82, 1.08, 
and 0.95 for the first filling out of the questionnaire, ex- 
plaining 42%, 12%, and 11% of the total variance, re- 
spectively; data from the other 2 sets of questionnaire 
responses gave comparable results). For purposes of va- 
lidity we decided to extract only 2 factors after a var- 
imax rotation. The indices for problems in the lower and 
upper back, the neck, and the shoulders consistently load- 
ed on the first factor, whereas problems with the knees, 
the feet, the elbows, and the hands loaded on the other. 
Therefore we constructed 2 indices by adding the items 
of each factor, one describing problems within proximal 
body regions and one describing problems within distal 
body regions. Cronbach's alpha ranged across the 3 sets 
of responses from 0.84 to 0.86 for the proximal scale and 
from 0.61 to 0.70 for the distal scale. The index describ- 
ing problems with the hips loaded inconsistently on both 
factors and was thus excluded from further analysis. 

For further validation some other variables were as- 
sessed. Psychosomatic complaints were measured with 
a slightly modified version of a validated German 

Table 2. Test-retest correlations between physical work load and 
musculoskeletal  complaint^.^ 

Physical work load 0.65 0.74 0.63 
Proximal musculoskeletal complaints 0.71 0.72 0.74 
Distal musculoskeletal complaints 0.60 0.65 0.63 

a Numbers between 428 and 452 due to missing values; all correlations 
are significant (P<0.001). 

complaint list developed by von Zerssen (25). This list 
asks how intensely the participants experienced 24 gen- 
eral symptoms like headache, insomnia, or nausea on a 
4-point scale from "not at all" (score 0) to "strongly" 
(score 3). It measures 1 homogeneous construct (25,26). 
Of the 24 items, 4 items asked for musculoskeletal com- 
plaints and were excluded from the analysis because of 
the overlap with the Nordic questionnaire. The resulting 
20-item list had an internal consistency (Cronbach alpha) 
of at least 0.90 for all 3 sets of responses. Job satisfac- 
tion was measured with a 7-item scale taken from a Ger- 
man job-satisfaction questionnaire (27) tapping 7 differ- 
ent aspects of job satisfaction (eg, satisfaction with the 
supervisor, the job itself, the payment). The scale had a 
Cronbach alpha between 0.80 and 0.85 for the 3 sets of 
responses. Self-efficaw a psychological construct devel- 
oped by Bandura (28), describes how certain a person is 
about his or her own performance on a specific task or 
about the general mastering of problems in life. For this 
purpose, self-efficacy was taken as a measure of discri- 
minant validity for physical work load. This choice is 
grounded in its known psychological (but not physical) 
contribution to the etiology of complaints (eg, people 
high in self-efficacy have lower levels of anxiety and 
depression and higher levels of immunologic function- 
ing). The scale was developed by Schwarzer (19) and had 
an internal consistency of about 0.85 for all 3 sets of re- 
sponses. 

Results 

Reliability 

For the participants in the same job throughout the study, 
the assessed indices should have had a reasonably high 
stability over time to be meaningful. To test this assump- 
tion, test-retest reliabilities were calculated for the index 
of physical work load and for the indices of musculoskel- 
etal complaints (table 2). The test-retest correlations of 
all 3 indices within the time intervals of between 4 
months (r,,) as a minimum and 1 year (r,,) as a maxi- 
mum were satisfactory and were all above 0.60; for the 
proximal complaints they were even above 0.70. This 
finding indicates that both physical work load and mus- 
culoskeletal complaints were measured with little random 
error. 

Validity 

The questionnaire was validated using the following 2 
steps: (i) the power of the questionnaire to discriminate 
between workers in different job categories was 
examined both with and without statistical control for 
musculoskeletal symptoms and the other strain variables 
and (ii) several aspects of the convergent and discrimi- 
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nant validity of the questionnaire were tested. As an ad- 
ditional check of the convergent validity, the correlations 
between stressors and strains for people with more or less 
long-lasting exposure to physical work (workhours: part- 
time versus full-time) load were contrasted. 

In the first step of the validation process, different 
job categories were contrasted. Among the job catego- 
ries of the sample, social workers and managing direc- 
tors should have had less physically demanding work 
than the other 2 groups. We tested this aspect of validity 
with an analysis of variance (ANOVA) with job catego- 
ry as the independent variable and physical work load as 
the dependent variable. The results for all 3 sets of re- 
sponses showed significant differences between the 
groups [F(t,) (31431) = 35.6, P<0.001; F(t,) (31442) = 
51.3, P<0.001; F(t ,) (31448) = 46.5, P<0.001]. The phys- 
ical work load was highest for the participants working 
in nursing, lower for the persons in the service trade, the 
social workers, and the managing directors, respectively 
(figure 1). A posteriori Scheffe tests between each pair 
of groups showed that all the comparisons between the 
groups, except that between the social workers and the 
managing directors, were significant at the 0.05 level. To 
make sure that these differences were not biased by dif- 
ferent levels of strain (eg, satisfaction or musculoskele- 
tal symptoms), we also contrasted the groups with an 
analysis of covariance in which musculoskeletal symp- 
toms, psychosomatic complaints, job satisfaction, and 
self-efficacy were introduced as statistical controls. In 
this analysis the groups still differed significantly in re- 
spect to the physical load questionnaire [ F(t,) (31390) = 
32.7, P<0.001; F(t,) (31412) = 49.5, P<0.001; F(t ,) (31 
435) = 50.0, P<0.001]. Thus the differences between the 
groups seemed to depend on real differences in physical 
work load and not on differences in the variables related 
to psychological processes. 

As has already been described, in the second step of 
the validation process, we expected a high correlation be- 
tween physical work load and musculoskeletal com- 
plaints in proximal body regions, lower correlations be- 
tween physical work load and complaints in distal body 
regions and psychosomatic complaints, and no correla- 

tions between physical work load and job satisfaction and 
self-efficacy. Table 3 gives the information concerning 
the means, standard deviations, and correlations of the 
scales for each set of responses. 

At first inspection the results show that the means of 
the questionnaire variables did not change significantly 
across the 3 sets of responses. In addition the correla- 
tions within each cell were remarkably similar for all 3 
sets of responses. 

For the physical workload index to be valid, it should 
conelate to a higher extent with theoretically related var- 
iables than with theoretically unrelated variables. The 
low correlations of physical work load with gender, age, 
and tenure coincided with this hypothesis because in the 
field under research no such correlations can be expect- 
ed. As expected, physical work load did not correlate 
with the "standard positions index". There were signifi- 
cant relations to all 3 symptom and complaint scales, the 
correlations being highest for proximal musculoskeletal 
symptoms and somewhat lower for distal symptoms 
(asms and legs) and psychosomatic complaints. For 2 sets 
of responses there were also low negative significant cor- 
relations with job satisfaction, but the workload index 
was not related to self-efficacy. 

With the exception of significant correlations to the 
age of participants, the "standard positions index" does 
not generally consistently correlate with any other vari- 
able. Both measures of musculoskeletal symptoms were 
positively related to age and tenure, interestingly the cor- 
relations with distal symptoms being somewhat higher 
than for proximal symptoms. Both were also highly re- 
lated to psychosomatic complaints ( ~ ~ 0 . 4 5  for proximal 
and ~ ~ 0 . 4 0  for distal symptoms). There were low nega- 
tive correlations with job satisfaction. Proximal and dis- 
tal symptoms correlated with each other by about 0.50. 
As expected, self efficacy correlated only slightly with 
age, psychosomatic complaints (negative sign), and job 
satisfaction. 

Thus the correlation matrix generally supports the 
assumption of a convergent and discriminant validity for 
the presented scale of physical work load, although the 
relations of physical work load with 2 of the 3 more 

Nursing Service Social workers Managing 
directors 

Figure 1. Physical work load on the lower 
back in different job categories in nursing 
homes for elderly people for all 3 sets of 
questionnaire responses (t,, t,, t,). All t he  
differences between the groups were sig- 
nificant, except for the social workers and 
managing directors. None of the differenc- 
es within the groups were significant. 
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Table 3. Means, standard deviations (SD) and correlations of all the study variables for each set of questionnaire responses.a 

Variable Mean SD 1 2 3 4 5 6 7 8 9 

1 Genderb 1.13 0.34 
2 Age (years) 40.3 9.42 -0.09 
3 Tenure (years) 6.87 5.87 -0.11 0.32 
4 Physical work load 

First set of responses 28.5 13.06 -0.08 -0.06 0.03 
Second set of responses 29.4 13.14 -0.07 -0.09 -0.01 
Third set of responses 28.4 13.02 -0.12 -0.04 0.00 0.00 0.00 0.00 0.00 0.00 

5 Standard positions index 
First set of responses 3.38 0.67 0.07 -0.18 0.01 0.08 
Second set of responses 3.39 0.67 0.09 -0.11 -0.04 0.03 
Third set of responses 3.41 0.65 0.04 -0.21 -0.05 0.00 

6 Proximal musculoskeletal symptoms (upper and lower back, neck, and shoulders) 
First set of responses 1.16 0.96 -0.06 0.21 0.18 0.35 -0.01 
Second set of responses 1.16 0.96 -0.07 0.19 0.16 0.21 -0.09 
Third set of responses 1.15 0.99 -0.06 0.29 0.17 0.28 -0.06 

7 Distal musculoskeletal symptoms (arms, hands, knees, and feet) 
First set of responses 0.42 0.62 -0.09 0.33 0.27 0.19 -0.08 0.45 
Second set of responses 0.40 0.64 -0.04 0.28 0.18 0.14 -0.05 0.53 
Third set of responses 0.46 0.71 -0.11 0.36 0.24 0.13 -0.11 0.59 

8 Psychosomatic complaints 
First set of responses 0.83 0.54 -0.10 0.10 0.09 0 .18  -0.08 0.46 0.35 
Second set of responses 0.81 0.54 -0.12 0.10 0.11 0.24 -0.10 0.40 0.38 
Third set of responses 0.79 0.52 -0.12 0.15 0.11 0.17 -0.08 0.48 0.44 

9 Job satisfaction 
First set of responses 5.05 0.94 -0.06 0.01 -0.05 -0.14 0.04 -0.26 -0.16 -0.37 
Second set of responses 5.06 0.97 -0.02 0.03 0.00 -0.11 0.04 -0.22 -0.17 -0.34 
Third set of responses 4.96 0.96 -0.02 -0.05 -0.01 -0.05 0.12 -0.18 -0.14 -0.31 

10 Self-efficacy 
First set of responses 2.96 0.44 0.01 0.11 0.05 0.00 0.02 0.01 -0.05 -0.23 0.15 
Second set of responses 2.96 0.43 -0.02 0.11 0.07 -0.02 0.08 -0.06 -0.02 -0.29 0.23 
Third set of responses 2.98 0.41 -0.01 0.06 0.08 -0.01 0.09 0.01 -0.01 -0.16 0.16 

a Numbers between 410 and 455 due to missing values; values in bold face are significant at Pc0.05 
Dummy coded 1 = female, 2 = male. 

Table 4. Product-moment correlations between physical work 
load and proximal musculoskeletal symptoms for full-time and 
part-time employees. 

Physical work load Proximal musculoskeletal 
symptoms 

First Second Third 
wave wave wave 

Full-time employees (N = 318-333) 0.37 0.24 0.31 
Part-time employees (N=115-117) 0.30 0.1 6 0.21 

"psychological" variables (psychosomatic complaints and 
job satisfaction) requires further explanation. A closer 
inspection of the correlation matrix showed that there was 
not only a high correlation of musculoskeletal symptoms 
with both psychosomatic complaints and job satisfaction, 
but also, simultaneously, with physical work load. This 
finding may lead to the assumption that physical work 
load affects psychosomatic complaints and job satisfac- 
tion through the mediation of musculoskeletal symptoms 
(eg, people with high load have more backache, which 
also leads to psychosomatic complaints and influences 
satisfaction negatively). To check this assumption, we 
partialed out musculoskeletal symptoms from the corre- 

lation of physical work load to psychosomatic complaints 
and job satisfaction. This procedure led to nonsignificant 
correlations except in one case. For the second set of re- 
sponses a significant correlation of 0.17 remained be- 
tween physical work load and psychosomatic complaints. 
Thus it may be that physical work load influences psy- 
chosomatic complaints and job satisfaction via muscu- 
loskeletal complaints. 

In addition, we expected a higher correlation for em- 
ployees working full-time than for employees working 
part-time. Table 4 presents the correlations between phys- 
ical work load and musculoskeletal symptoms for full- 
time and part-time workers separately. In fact, the rela- 
tions between the variables for full-time workers were 
stronger than the relations for part-time workers. This 
finding can be regarded as another indicator of the va- 
lidity of the questionnaire. 

Discussion 

A questionnaire for assessing physical work load through 
self-reports was checked for reliability and different 
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aspects of validity with data from a longitudinal study 
of employees working in nursing homes for elderly peo- 
ple. The questionnaire had a high test-retest reliability, 
showed an adequate convergent and discriminant validi- 
ty, and separated between groups with objective differ- 
ences in physical work load. Further testing indicated that 
the questionnaire data are not only a consequence of dif- 
ferences in symptoms, complaints, or some psychologi- 
cal variables, but also depend - at least to a reasonable 
extent - on differences in the work conditions. In agree- 
ment with recent results of Viikari-Juntura et a1 (29), the 
data presented advocate the use of carefully constructed 
self-report measures in studies aiming to identify causes 
of musculoskeletal problems. Of course, such question- 
naires are not designed for making individual diagnoses, 
but, instead, are meant to generate and test hypotheses 
about the causes of musculoskeletal problems. Nonethe- 
less, further testing that compares results from the ques- 
tionnaire with data on physical work load from other 
sources [eg, logbooks, task analysis, or observational 
methods (29-31)] is recommended. It would also be 
helpful to check the reliability and validity of the ques- 
tionnaire in other samples with different kinds of physi- 
cal work load. 

Thus far, there have been many calls for more and 
better interdisciplinary work on the etiology of muscu- 
loskeletal diseases. Our results on the validation of a 
questionnaire of physical work load - achieved with 
procedures grounded in psychological-statistical meas- 
urement theory - show that this may not only be true 
for theoretical work, but interdisciplinarity could also be 
a promising approach in the field of method development. 
The described statistical methods could add to the possi- 
bilities of testing the validity of self-report measures of 
physical work load, if other methods, like observations 
or analyses via job title, are not available or favorable. 

Although not being the focus of this article, the cor- 
relation of about 0.45 between musculoskeletal and psy- 
chosomatic complaints is remarkable. As far as we know, 
there is no study that has reported any correlation be- 
tween these 2 different measures of strain. While in the 
more psychologically oriented literature psychosomatic 
complaints are discussed as an outcome of psychologi- 
cal stressors (eg, control, demands and support), the lit- 
erature on diseases of the musculoskeletal system relies 
on musculoskeletal symptoms and complaints. Our re- 
sults indicate that there is a considerable overlap between 
these 2 constructs and this overlap wasrants further re- 
search and theoretical discussion. Furthermore, the me- 
diating function of musculoskeletal complaints between 
physical work load on one hand and psychosomatic com- 
plaints and job satisfaction on the other could be 
considered as one of the mechanisms in the complex net- 
work between physical and psychosocial work conditions 
and different measures of strain. 
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Appendix l 

Musculoskeletal load due to body posture and strenuous effort during work 

Please estimate, how often you have to work with the body postures displayed below, 
and how often you have to lift or to carry the weights mentioned below. 
Please fill up all lines! 

Trunk 

straight, upright 

slightly inclined 

strongly inclined 

twisted 

laterally bent 

never seldom sometimes often very often 

Arms never seldom sometimes often very often 

i both arms below shoulder height 

one arm above shoulder height 

both arms above shoulder height 

Legs 

$ sitting 

[ standing 

[ squatting 

A kneeling with one knee or with both 

A walking, moving 

never seldom sometimes often very often 

Weight, lifted 1 carried with upright trunk never seldom sometimes often very often 
I I I I 

light (up to 10 kg) 
i. 

medium (10 - 20 kg) 

heavy (more than 20 kg) 

Weight, lifted I carried with inclined trunk never seldom sometimes often very often 
I I I 

light (up to 10 kg) 0 
% medium (10 - 20 kg) 

heavy (more than 20 kg) 0 
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Appendix D 

index of physical work load 

Index of physical work load = 0.974 x score of T2 t 1.104 x score of T3 t 0.068 x score of T4 t 0.173 x 

score of T5 t 0.157 x score of A2 t 0.314 x score of A3 t 0.405 x score of L3 t 0.152 x score of L4 + 
0.152 x score of L5 t 0.549 x score of Wul  t 1.098 x score of Wu2 t 1.647 x score of Wu3 t 1.777 x 

score of W i l  + 2.416 x score of Wi2 t 3.056 x score of Wi3, where T I  = straight, upright (trunk bent 5 
degrees forward), T2 = slightly inclined (trunk bent 45 degrees forward), T3 = strongly inclined (trunk 
bent 75 degrees forward), T4= twisted, T5 = laterally bent, A l =  2 arms below shoulder height, A2 = 1 
arm above shoulder height, A3 = 2 arms above shoulder height, L1 = sitting, L2 = standing, L3 = 

squatting (trunk bent 15 degrees forward), L4 = kneeling with one or both knees, L5 = walking or 
moving, Wul-Wu3 = lifting with the trunk upright, and Wil-Wi3 = lifting with the trunk inclined 60 
degrees. The item scores were coded as follows: "never" = 0, "seldom" = 1, "sometimes" = 2, "often" = 

3, "very often" = 4. 
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