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Abstract. This paper describes a field study in production areas of a vehicle manufacturing plant, where 106 male workers 
(aged from 20 to 63 years) were examined and interviewed by the authors. Aim of study was to identify relationships between 
specific physical worker capabilities and doses of mechanical exposures using self-developed standardized questionnaires as 
well as a battery of work-specific tests.  
The dependent variables are different “physical capabilities”, classified using a five-point rating scale with regard to the grade 
of limitation of the respective capability. Independent variables are “age” and specific “mechanical exposures”. Several expo-
sures were combined and multiplied with their respective durations in order to determine doses on three different body regions 
– back, shoulder-neck and upper limbs.  
There are significant positive correlations between “age” and “dose of mechanical exposure on back/shoulder-neck/upper 
limbs region”. The analysis of the relationship between dose of exposure and different capabilities to lift or reposition loads 
(with variable weight) shows weak significant correlations for all three body regions. Data analysis shows no significant corre-
lations between any dose of mechanical exposure and capabilities to work in awkward body postures.  
These results should be considered in age management programs when scheduling future employee assignments to workplaces, 
especially for production systems where manual handling tasks are dominant. 
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1. Introduction 

Age distributions of workforces in most industrial 
enterprises are continually shifting towards higher 
age in case of developed countries like Germany, 
Japan and even the United States of America. Older 
workers from production areas (e. g. in automotive  

 
 
 
 
industry) have generally experienced higher doses 

of mechanical exposures in comparison to their 
younger colleagues. Despite all measures to improve 
ergonomic design of industrial workplaces, there are 
still considerable deficits in terms of work conditions 
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found in recent studies using ergonomic screening of 
workplaces [10, 23] as well as surveys [18, 21]. This 
leads to the question whether there are significant 
relationships between mechanical exposure biogra-
phies and physical capabilities that have practical 
implications for personnel planning, especially con-
cerning the prevention of musculoskeletal disorders.  

There are numerous epidemiologic studies show-
ing associations between mechanical exposures at the 
workplace (manual materials handling, awkward 
body postures, repetitive loads on the upper extremi-
ties etc.) and the occurrence of musculoskeletal 
symptoms or disorders [reviews in 1-2, 7, 11, 20 and 
previous study by the authors of this article in 15].  

Literature research didn’t reveal any published 
study regarding the relationship between dose of me-
chanical exposure and physical capabilities. The ma-
jority of previous studies using a retrospective ap-
proach for analysis of mechanical exposures are fo-
cusing on specific musculoskeletal disorders [7]. 

Only one study by Weichel [27] showing prelimi-
nary results of an analysis of relationships between 
exposure biography and musculoskeletal symptoms 
has been found. They indicate existing but not very 
high correlations between exposures like “standing”, 
“unfavorable body postures” or “lifting/carrying 
loads of more than 10 kg” and symptoms in the neck 
region, knee region as well as foot region. 

2. Methods 

All data was collected in a field study in coopera-
tion with a German vehicle manufacturer where 106 
male workers aged 20 to 63 years (mean = 40.34 yr, 
SD = 11.72 yr) have been examined and interviewed. 
During data collection all subjects were employed in 
production areas of the plant. The subjects received a 
handout about the purpose and content of the exami-
nation. Furthermore, the subjects agreed to participa-
tion, recording of personal data (made anonymous) 
and video recording via signature on a consent form. 

Three subjects had to be excluded from analysis 
because of missing information on questionnaire 
items measuring physical exposures. Another three 
subjects were excluded from analysis because of in-
sufficient data for capability rating. Two major age 
groups are regarded in this study: the “younger 
workers” aged between 20 and 35 years as well as 
the “older workers” aged from 45 up to 63 years. 

 
 
 

Subjects had to fulfill several criteria in order to be 
able to participate in the study. Their work expe-
rience had to be more than five years in job (incl. 
professional education), but they also had to be no 
more than six months out of job (unemployed or re-
tired). Their actual job(s) must be characterized by 
predominantly physical work. Current receipt of dis-
ability pension, current inability to work or longer 
period(s) of incapacity for work (more than three 
months in the past twelve months because of disord-
ers in musculoskeletal system including neurological 
disorders) were defined as criteria for exclusion from 
the study. 

2.1. Exposure biography 

In order to operationalize past and present me-
chanical exposures, the subjects experienced during 
their working life, a standardized self-developed 
questionnaire was used. It contains 20 items each 
representing a different mechanical exposure which 
is rated by the interviewee on a six-point ordinal 
scale concerning its frequency of occurrence (0 = 
never, 5 = more than six hours per shift) during job. 
The rating is done for every single job the subject has 
done in his working life (in actual as well as previous 
companies). It starts with present job followed by 
professional education, first job after education and 
so on. If the subject had any questions, there has al-
ways been a trained interviewer to help him. 

After a first data review several items from the 
questionnaire were selected for statistical analysis. 
Those items can be allocated to different exposure 
categories and especially body regions [e. g. 1, 11-12, 
20 and 24], shown in Table 1. 

Doses of mechanical exposure on the three body 
regions “back”, “shoulder-neck” and “upper limbs” 
were calculated using a simple approach following 
Checkoway et al. [4] and Elsner et al. [9]: 

 

 (1) 
 

where xij is the frequency of occurrence of expo-
sure i concerning job j and dj is the duration of job j. 
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Table 1 

Mechanical exposures included in dose calculation and assignment to body region 

Body region Exposure category Mechanical exposure (item) 

Back Manual materials handling Lifting (load weight: 5-10 kg) 

  Lifting (load weight: 10-20 kg) 

  Lifting (load weight: more than 20 kg) 

  Pushing and pulling of loads 

 Awkward body postures Trunk moderately bent forward (20-60°) 

  Trunk strongly bent forward (> 60°) 

  Trunk rotation 

Shoulder-neck Awkward body postures Overhead work 

  Neck inclination 

Upper limbs Action forces Work tasks involving high forces 

 
 

Table 2 

Physical worker capabilities rated on the basis of capability testing 

Static arm posture at shoulder level Static arm posture above head level 

Trunk moderately bent forward (20-60°) Trunk strongly bent forward (> 60°) 

Lifting / repositioning of loads 
between floor and waist level (5 to max. 35 kg) 

Lifting / repositioning of loads 
between waist and head level (5 to max. 20 kg) 

 
 

2.2. Capability analysis 

The evaluation of physical worker capabilities is 
based on data from a specifically developed test pro-
cedure, which consists of a medical examination, an 
interview with several questionnaires (including the 
biography questionnaire) and physical, work-specific 
tests. Typical mechanical work-related exposures are 
represented in nine different work-specific tests, 
which have been developed on basis of more than 
400 workplace analyses, conducted by the authors in 
several automotive companies. These tests include 
tasks like “Lifting between floor and waist level” or 
“Screwdriver use towards floor while trunk strongly 
bent forward” and are described in detail in [22].  

Up to 20 different physical worker capabilities can 
be rated based on the measurement outcomes from 
the test battery using algorithms that integrate the 
variables from the work-specific tests and question-
naire data related to musculoskeletal symptoms in 
relevant body regions. Rating is done using a 5-point  

 

 
 
 
ordinal scale with regard to “grade of limitation” 

of the respective capability (0 = no limitation; 4 = 
strong limitation). To date six different capabilities 
have been rated (Table 2). 

 
 

2.3. Statistical analysis 

Relationships between the dependent variables –
physical capabilities shown in Table 2 – and inde-
pendent variables – age and specific doses of me-
chanical exposures shown in Table 1 – are described 
statistically using calculation of Kendall-Tau correla-
tion coefficients [13] and partial rank correlations 
[14].  
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Table 3 

Relationships between doses of mechanical exposure and physical capabilities as well as between doses of mechanical exposure and age 

Physical capabilitya Dose on back region  Dose on shoulder/neck  Dose on upper limbs 

 Kendall’s Tau  Kendall’s Tau  Kendall’s Tau 

Trunk moderately bent forward (20-60°) .066  -.066  .070 

Trunk strongly bent forward (> 60°) .092  .011  .109 

Static arm posture at shoulder level 
(dominant limb) .001  .024  -.054 

Static arm posture at shoulder level 
(non dominant limb) -.085  .057  .000 

Static arm posture above head level 
(dominant limb) -.019  .015  -.072 

Static arm posture above head level 
(non dominant limb) -.112  .015  -.039 

Lifting / repositioning of loads 
between floor and waist level (5 kg) .164*  .136  .130 

Lifting / repositioning of loads 
between floor and waist level (10 kg) .199**  .207**  .126 

Lifting / repositioning of loads 
between floor and waist level (15 kg) .177*  .172*  .132 

Lifting / repositioning of loads 
between floor and waist level (20 kg) .181*  .168*  .147 

Lifting / repositioning of loads 
between floor and waist level (≥ 25 kg) .107  .121  .156* 

Lifting / repositioning of loads 
between waist and head level (5 kg) .278**  .209**  .169* 

Lifting / repositioning of loads 
between waist and head level (10 kg) .257**  .195**  .192* 

Lifting / repositioning of loads 
between waist and head level (15 kg) .186*  .192*  .154* 

Lifting / repositioning of loads 
between waist and head level (> 15 kg) .131  .019  .142 

Ageb .513**  .389**  .413** 

a n = 100; b n = 103 
* p < .05; ** p < .01 

 
 

3. Results 

3.1. Doses of mechanical exposure in relation to age 

As was to be expected, significant positive correla-
tions between the variables “age” and “dose of me 

 
 
 
chanical exposure” have been found for all three 

body regions (Table 3). Dose of exposure on back 
region and age show the highest correlation coeffi-
cient with a moderate value of τ = 0.513 and high 
significance (p < 0.01). The correlations for shoul-
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der/neck and upper limbs region are also highly sig-
nificant but somewhat lower in value with τ = 0.389 
and τ = 0.413 respectively. 

 

3.2. Doses of mechanical exposure in relation to 
physical worker capabilities 

For a correct interpretation of the results, it has to 
be pointed out that higher capability ratings indicate 
a higher “grade of limitation” of the respective capa-
bility. 

Regarding the relationship between “dose of expo-
sure” and specific “physical capability” most of the 
significant correlations are present for capabilities to 
lift or reposition loads. Doses of mechanical expo-
sure on all three body regions and related to the 
whole working life (column “Total” in Table 3) show 
significant correlations with the capabilities to lift or 
reposition loads between floor and waist level or be-
tween waist and head level with some exceptions.  

In back region weak to low positive correlations 
exist (0.164 ≤ τ ≤ 0.278) except for a load weight of 
more than or equal to 25 kg in case of lifting between 
floor and waist level and a load weight of more than 
15 kg in case of lifting between waist and head level. 
Capabilities to perform different body postures like 
trunk inclination or elevated arm postures show no 
significant correlations with dose of mechanical ex-
posure on back region 

For shoulder/neck region there are no significant 
correlations between dose of mechanical exposure 
and capabilities to perform awkward body postures. 
Capabilities in manual materials handling are show-
ing weak to low positive correlations (0.168 ≤ τ ≤ 
0.209) with dose of exposure. The exceptions are 
“lifting/repositioning a load of 5 kg as well as more 
than or equal to 25 kg between floor and waist level” 
and “lifting/repositioning a load of more than 15 kg 
between waist and head level”. 

Doses of mechanical exposure on upper limbs re-
gion (whole working life) are positively correlated 
with the capability to lift or reposition a load of more 
than or equal to 25 kg between floor and waist level 
as well as the capability to lift or reposition a load of 
5, 10 or 15 kg between waist and head level (0.154 ≤ 
τ ≤ 0.192). No other significant positive correlations 
can be found for this body region. 

When “age” is defined as control variable in calcu-
lation of partial rank correlations, there are no more 
significant correlations at all. 

4. Discussion and Conclusion 

4.1. Practical implications 

The results of our study indicate that especially 
worker capabilities which are related to manual mate-
rials handling may be influenced by doses of me-
chanical exposures which should be considered when 
defining job rotation schemes or planning future as-
signments of workers to different workplaces. These 
capabilities are the only ones that seem to be signifi-
cantly (but weakly) related to doses of mechanical 
exposures. In contrast, capabilities to work in awk-
ward work postures show no significant correlation 
to any type of mechanical exposure examined. Hence, 
capabilities to perform manual materials handling 
seem to be more “sensitive” to mechanical exposures 
experienced in a work life than capabilities related to 
ergonomically unfavorable body postures. In produc-
tion systems where tasks like lifting or repositioning 
of loads are prevalent, a prospective assignment of 
personnel (within a working shift as well as longer 
time intervals) that considers these types of exposure 
shows potential for the “conservation” of physical 
worker capabilities. 

4.2. Study limitations 

Due to the fact that the design of the study pre-
sented in this paper is cross-sectional and all subjects 
that participated were volunteers, the results pre-
sented here may be biased because of selection ef-
fects like the ‘healthy worker effect’ [3-5, 17, 19]. 
Older workers who have experienced high doses of 
mechanical exposure may already have left the com-
pany and only workers who are relatively “robust” 
against mechanical exposures remained in their jobs. 
However, there are findings in other studies that put 
the often mentioned healthy worker effect into pers-
pective. For example Landau et al. [16] find a rela-
tively slight decrease in different work-related func-
tional capacities (like the maximum lifting capacity 
measured in kg) with age in a cross-sectional study. 
But their study population consists of 986 patients 
(aged between 18 and 65 years) from a rehabilitation 
centre for musculoskeletal disorders that were (pre-
viously) employed in the assembly sector of industri-
al enterprises. Even those subjects (representing a 
somewhat “negative selection”) with already existing 
orthopedic impairments show only little deficits in 
age. 
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Another source of bias is the so called ‘recall bias’ 
discussed for example in [6, 28], because question-
naires about past mechanical exposures set high de-
mands on a subjects’ motivation and ability of re-
trospection. Several studies on self-administered 
questionnaires used for collection of data about past 
and present physical exposures at work state that the 
reliability and accuracy of self-reports is clearly li-
mited [8, 25, 26]. 

The dose model used in this study may be proble-
matic to a certain degree because exposures expe-
rienced long times ago are weighted equally as expo-
sures from the actual job. But there is a lack of pub-
lished dose models for mechanical exposures at work 
which may have served as alternatives to the model 
used here. 

4.3. Suggestions for future research 

Future studies on mechanical exposure biographies 
should be based on a longitudinal design including a 
continuous or at least periodical “exposure monitor-
ing” in order to minimize bias and augment the level 
of accuracy as well as reliability of data. 
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