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ABSTRACT
Ergonomic improvement and prevention of musculoskeletal disorders still remain quite important among assembly
manufacturing. Then, having the valid and precise evaluation for psychological and physical risk factors as well as
musculoskeletal sym
ptoms is the first step for ergonomic risk management. The aim of this study was to evaluate the operators’ feelings
in regards to physical and mental workloads a long with musculoskeletal symptoms. Furthermore, the interview was
done with all the people Friday afternoon and Monday morning to compare the perceived exertion force at the first
day and the last day of week. This cross-sectional study was done in SCANIA production Angers. In this trucks
assembly plant one sector was chosen and two different questionnaires including self reported and interview
questionnaire were filled out. Self-reported questionnaire evaluated 130 ergonomics variables and interview
questionnaire 27 variables. The latter was completed two times Friday afternoon and Monday morning. Our finding
showed that Most of study population show pain in lower back, elbow and shoulder. The most observed risk factors
were in shoulders, elbows and wrists. The prevalence of psychosocial factors were high among assembly operators
as 78% reported low decision latitude. Perceived exertion force for whole body for high workload working day in
Friday was more than Monday morning even the difference wasn’t significant. The results showed that in addition to
physical ergonomic workloads, there are psychosocial risk factors among assemblers. Furthermore, the body region
that were more affected by risk factors were reported as WMSDs symptoms.
Keywords: Physical Risk Factors, Psychosocial, Exertion Perceive Force, Questionnaire

INTRODUCTION
Manufacturing success in the competitive industrial world definitely depends on developing employees wellness as
well as productivity and quality (Falck & Rosenqvist, 2012; Törnström, Amprazis, Christmansson, & Eklund, 2008).
Pervious studies showed that musculoskeletal disorders (WMSDs) are one of the prominent causes of occupational
disease mainly among automotive assembly manufacturing. WMSDs could affect on the muscles, tendons, and
nerves of the limbs and back. The claims for WMSDs are increasing hugely and it is estimated that 40% of
occupational costs is related to WMSDs (Speklé et al., 2010). 45 million employees are influenced by WMSDs in
Europe and particularly in France 67% of all occupational claims (31 461) was WMSDs in 2002 (Roquelaure,
Catherine, and Marine, 2005). In addition to affect of WMSDs in the business performance, they have considerable
impacts on human quality of life as they are the main causes of discomforts and pains in daily work. Indeed,
WMSDs are serious ergonomic problems among automobile assembly workers due to large variety of tasks
including tightening, picking, lifting, material handlings, and characteristics of assembly line (Wang, et al, 2011).
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Body regions affected through an unlimited number of risk factors are mainly neck, shoulders, elbows, hands and
low back (Sunwook, 2012). The significant link between mechanical exposure and prevalence of WMSDs is
reported among a variety of occupations in the researches (Sadra-Abarqhouei, Hosseini-Nasab, 2011). Therefore,
risk exposure assessment with screening methods is helpful for identifying the main risk factors and making strategy
to improve working conditions. The purpose of this study is to assess the feelings of manufacturing assemblers
relating to ergonomic risk factors and WMSDs symptoms in a truck assembly plants. The interview was also done
with all the people Friday afternoon and Monday morning to compare the perceived exertion force at the first and
the last day of week.

METHODS
This study was done in SCANIA manufacturing plant in France. One sector of truck assembly process including 15
people was selected. The prominent workstations in this sector are provided in Table 1. The operators performed
various tasks ranged 10 to 60 tasks in each workstation in function to truck options. Working hours started 7:30 in
the morning to 16:00 in the afternoon with three pauses during the day for breakfast, lunch and mealtime.
Table 1: Workstations, number of the tasks and task descriptions for study sample
Workstations

Number of tasks

Brief Task Description

Picking Bumper

29

1- Prepare kit for bumper 2- Place bumper
beam in sequence 3-preparing sun visor
4- picking rear beam

Preparation SCR Tank

23

SCR Pre-assembly and sequencing

Preparation air filter

60

Air filter, air pipe, heat cover and cab tilt
cylinder pre-assembly

Preparation Bumper 1

33

Bumper pre-assembly and washer container
assembly

Preparation Bumper 2

17

Bumper pre-assembly near the line

SCR in line

38

SCR Tank assembly
preparation of the lighting box

Air filter

28

Air filter, air pipe, heat cover and cab tilt
cylinder assembly

Boarding steps and Mudguards Left
and Right

40

Left and right boarding steps + Left and
right rear mudguards with side lamps

Bumper in the line

27

Finishing pre-assemblage the bumper,
filling washer liquid, place bumper on the
chassis

9

Assembly the hydraulic kit

Support Station

22
7

Middle mudguards assembly
Y mudguards assembly
boarding steps assembly

To evaluate the feeling of operators concerning their jobs, the self-reported questionnaire was used. This tool were
composed of various questions about demographic information, musculoskeletal symptoms and potential
biomechanical & psychosocial risk factors. The operators were asked to answer the questions which assess the
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musculoskeletal symptoms such as pain or discomfort in neck, shoulders, elbows/forearms, hands/wrists and back
during last 12 month. The questions were derived from Nordic questionnaire (Hagberg et al. 1995). The symptoms
which their intensity were more than 5 on a scale of 10 at the moment of filling out the questionnaire was considered
as WMSDs. The second part of our tool has evaluated the biomechanical risk factors. This section of questionnaire
was developed according to European consensus criteria about WMSDs risk factors in upper limbs. The questions
were about the postures of upper limbs (neck, shoulders, elbows, and wrists/hands) and back. If the operators answer
“often” or “always”, it was defined respectively as 2 hours/day and 4 hours/day. For measuring work psychosocial
risk factors, the French version of karasek job content questionnaire was used. This questionnaire including 26
questions which were categorized into 3 class as including high psychological demands, low decision latitude, and
low social support. To determine the prevalence of job strain and iso-strain among study population, the score of
low decision latitude, high psychological demands and low social support were dichotomized. The dichotomization
of questionnaire scores were performed according to French Medical Surveillance of Occupational Risk Exposure
(SUMER). So, high psychological demands and low decision latitude were two factors which determine the job
strain and high psychological demands, low decision latitude and low social support altogether provide iso-strain.
Another method used in this study to measure perceive force exertion was Borg scale. The interview was performed
by ergonomist for all the participants with Borg scale method in two period of time, Friday after noon at the end of
the week and Monday morning at the beginning of the week after rest in weekend. Borg scale range from 6 “very
very light” to 20 (very very hard). Third quartile which was 15 is considered as high perceive physical exertion in
this study. Descriptive statistical analysis was used to analyze the results.

RESULTS
This study was done among assembly manufacturing workers. Our study population was 15 people who comprised
all the workers in the one sector of truck assembly manufacturing. This sector includes 12 workstations and in
overall operators had to perform 333 different assembly tasks during their working days (see Table 1). The people
were divided into 3 improvement group (GAC) in which there are 3 or 4 workstations and the operators rotate within
the GAC each two hours. All the subjects in this study were men with a mean age of 42 (±7.6) years. The mean of
work experiences in the current job was 16 (±6) years while, the total length of work (in current job and the other
jobs) was 22.2 (±7.2) years.

Musculoskeletal Symptoms
Figure 1 shows the prevalence of musculoskeletal disorders among study population in 3 GACs. The prevalence of
musculoskeletal symptoms (intensity > 5/scale of 10 at the time of filling the questionnaire) such as pain, numbness
or stiffness of upper limbs during the past 12 months was high (see Figure 1). The median of pain for shoulders and
elbows were 5. This median for wrists and lower back were 4. The prevalence rate of symptoms on four anatomical
regions of upper limb (shoulder, elbow, wrist, fingers) were respectively 66%, 53%, 40% and 33%. Low back
symptoms during the last 12 months were reported by 46% of subjects.
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Figure 1. WMSDs month among study population and for each improvement group (GAC)

Perception of Exertion in Physical Work
In this study, Borg scale was used to measure the perceived exertion of the operators in the first (Monday) and the
last (Friday) day of week. Figure 2 shows the median of exertion force for each GAC in function to 3 different type
of working days for Friday and Monday. As it is shown the median for high workload working day in both Friday
and Monday is high, even on Monday the median of exertion force for high workload working day is less than
Friday (see Figure 2).
Friday
Median GAC 1

Median GAC 2

13 12 13

17 15 15,5

Typical working
day

high workload
working day

Monday
Median GAC 3

Median GAC 1

15 14 16

13 12 13

11 12 11

Median GAC 2

Typical working high workload
day
working day

low workload
working day

Median GAC 3

11 12 10

low workload
working day

Figure 2. The median of perceive exertion on Borg scale for 3 types of working day on Monday and Friday

Figure 3 shows the percentage of exertion force for three working day on Friday and Monday. 60% of operators
reported force exertion more than 15 (hard) for the high workload on Friday while 66% of people reported the same
on Monday (see Figure 3).
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Figure 3. The percentage of exertion force>15 on the Borg scale on Friday and Monday for three different working days
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Risk Factors of WMSDs
The most common reported biomechanical risk factors among assemblers were flexion/extension of the elbow
(reported by 80% of operators), pinch grip (73.3%), and working with prono-supination movements (64.29%). The
risk factors in the elbow were reported more than the other locations of the body. The WMSDs symptom was also
high for elbow (60%). The shoulders risk factors including abducted arms and working above shoulder level were
reported respectively by 53% and 33% of the subjects. 66% of subjects showed WMSDs symptoms in shoulders
(see Table 2).
Table 2: Biomechanical risk factors and musculoskeletal symptoms for each body section among study subjects N=15
Body
Location

Neck

Shoulders

Elbow

Wrist and
Hand

Back

Biomechanical Risk Factors

n(%)

Neck flexion

3 (20)

Neck extension

0

Holding the hand behind the
trunk (≥ 4 h/day)

0

Arms at or above shoulder level
(≥ 2 h/day)

5 (33.34)

Arms abducted (≥ 2 h/day)

8 (53.34)

Holding the hand behind the
trunk (≥ 2 h/day)

0

Elbow flexion/extension
movements (≥ 2 h/day)

12 (80)

Prono-supination movements(≥ 2
h/day

9 (64.29)

Putting elbow on the rigid
surfaces (≥ 2 h/day)

8 (53.34)

Wrist bending in extreme
postures (≥ 2 h/day)

7 (46.66)

Holding tools or objects in a
pinch grip(≥ 2 h/day)

11 (73.34)

Pressing with the base of the
palm (≥ 2 h/day

5 (33.34)

Use of vibrating hand tools (≥ 2
h/day)

6 (40)

Using keyword and computer
work (≥ 2 h/day)

1 (7.14)

Standing Position (≥ 4 h/day)

13 (86)

Sitting Position (≥ 4 h/day)

0

Back Flexion/ torsion (≥ 4 h/day)

2 (13.3)

Driving Lift truck (≥ 2 h/day)

0

Musculoskeletal
Symptoms
n(%)

5 (33.34)

10 (66.66)

9 (60)

7 (46.67)

7 (46.6)
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Psychosocial Factors
The results of psychosocial factors of assembly manufacturing operators is evaluated by Karasek questionnaire.
Table 3 presents three psychosocial factors including High psychological demands, Low decision latitude, Low
social support. As you can see low decision latitude factors is high among study population (78.57%).
Table 3: Psychosocial risk factors according to karasek questionnaire among study subjects N=15

Psychosocial
factors at work

n(%)

High psychological
demands

Low decision latitude

Low social support

Yes

Yes

Yes

8(53.33)

11(78.57%)

8(53.33)

42% of operators were exposed to job strain which means low latitude decision and high level of psychological
demands. The low level of decision latitude, high level of psychological demands and low level of social support
which is considered as iso-strain was reported by 21% of subjects.

CONCLUSIONS
The aim of this study was to assess the feelings of assembly operators about the ergonomic risks including physical
and psychosocial risk factors in their jobs. The self report and interview tools were used and the results showed that
there are quite high percentage of WMSDs symptoms particularly in upper limbs. Potential physical risk factors
mainly in upper limbs were considerable. Most of subjects reported risk factors for elbows, shoulders and wrists
while the reported WMSDs symptoms in these members were high. Perceive exertion force on the Borg scale for
more than half of our subject was hard (>15/20) in the high workload working day. While this risk factor was not
considerable in the typical and low workload working day. Perceive exertion force was not difference for Monday
and Friday among assemblers although its median on Friday was more than Monday for high workload working
day. Approximately half of our subjects declared job strain. Low decision latitude was also a common risk factors
among our subjects.
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