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 Abstract 

Assembly lines are related to health risks and work-related 
musculoskeletal disorders (WMSD), particularly of the neck and upper 
limbs (WULMSD). The assessment of perceived musculoskeletal 
symptoms is essential to WULMSD prevention, but studies in this field are 
lacking. A cross sectional survey on assembly line workers (n=270) was 
performed. The objective of this study was to analyze the frequency and 
distribution of upper limb musculoskeletal symptoms in assembly line 
workers. Participants were predominantly men, with ages between 30 and 
40 years. Neck and upper limbs pain/discomfort were the most reported 
symptoms (35.9%), with intensity predominantly moderate or severe. 
General Health Status and past musculoskeletal injury were the variables 
more related to the existence of musculoskeletal symptoms; longer 
working life in the same company, as under 5 years, were related to 
higher intensity of symptoms. An early identification of musculoskeletal 
symptoms and health surveillance over time is of most importance to 
develop WRULMSD prevention measures. 

1. INTRODUCTION 

Although the introduction of new processes and automation decreased considerably some 
physical demands for the worker, assembly lines are associated to dynamic and high physical 
work tasks, as to repetitive movements and awkward postures, particularly in extreme joint 
positions with force application, as to poor recovery time (Buckley, 2016; Edimansyah et al., 
2008; Graham, Agnew, & Stevenson, 2009; Holtermann et al., 2010; Landau et al., 2008; 
Sancini et al., 2013; Serranheira, Uva, & Lopes, 2008; Sluiter, 2006; Sundstrup et al., 2013a, 
2016). Assembly lines are related to occupational health risks, work-related musculoskeletal 
disorders (WMSD), particularly of the neck and upper limbs (WULMSD) and absenteeism 
(Eatough, Way, & Chang, 2012; Gold, d’Errico, Katz, Gore, & Punnett, 2009; Hagberg et al., 
2012; Kitis, Celik, Aslan, & Zencir, 2009; Pullopdissakul, Ekpanyaskul, Taptagaporn, 
Bundhukul, & Thepchatri, 2013; Sadi, MacDermid, Chesworth, & Birmingham, 2007; Sancini et 
al., 2013; Spallek, Kuhn, Uibel, van Mark, & Quarcoo, 2010; Wang et al., 2009; Zebis et al., 
2011). 

Pain, disability, reduced quality of life, and loss of mental wellbeing are some of the main 
WULMSD consequences, with impact either in workers as in organizations (Andersen et al., 
2010; Kee & Karwowski, 2007). These are prevalent and costly health conditions (Eerd et al., 
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2016) and it is estimated that over 3 million of new workers have WULMSD (Pullopdissakul et 
al., 2013). Recent studies report an average of 14.1 lost days in the period 2015-16 in 
European countries (Buckley, 2016). 

To really understand the burden of upper limbs musculoskeletal disorders and develop 
prevention measures, it is essential to clearly identify the consequences, as musculoskeletal 
pain, disability, absenteeism, and its relation to the causes (Woolf, Vos, & March, 2010). 
Despite workers in assembly lines are exposed to work risk factors of most importance to 
WULMSD development, the contribution of psychosocial/organizational and individual risk 
factors should also be addressed, as their interaction, that changes accordingly to the worker 
(gender, age), workplace and organization (Eatough et al., 2012; Ellis et al., 2010; Johnston, 
Jimmieson, Jull, & Souvlis, 2009; Madan I, 2015; Oakman & Chan, 2015). 

This highlights an early identification of workers at risk to develop WULMSD or at risk of 
worsening their symptoms in high demanding jobs. The assessment of perceived 
musculoskeletal symptoms may help distinguishing between the “physiological effects” from 
the “adverse effects” (Hagberg et al., 2012) and that is for the most importance. Pain and 
discomfort should be the musculoskeletal symptoms to assess, once they are the first ones 
reported by workers and the main causes to search clinical help (Buckle & Devereux, 1999; 
Buckle & Devereux, 2002; Werner, Franzblau, Gell, Ulin, & Armstrong, 2005; Zebis et al., 
2011). Additionally, studies have been relating pain and discomfort to higher prevalence of 
musculoskeletal disorders (Bosch, de Looze, & van Dieën, 2007; Buckle & Devereux, 2002; 
Hansen, Edlund, & Bränholm, 2005; Schneider, Irastorza, & Copsey, 2010). Discomfort is a 
perception phenomenon related to pain, fatigue and perceived effort (Hagberg et al., 2012; 
Madeleine, 2010) and has been used as a subjective outcome for short term effects (Hamberg-
van Reenen et al., 2008). It can be defined as the threshold level below where a worker can 
continue performing the task (Corlett & Bishop, 1976). Its evolution to chronic musculoskeletal 
pain suggests discomfort as a WMSD predictor (Hamberg-van Reenen et al., 2008). 

Nevertheless, incidence rates and prevalence of upper limb musculoskeletal symptoms and 
disorders are difficult to find and compare, probably because there is not an universal standard 
for classification and diagnosis (da Costa & Vieira, 2008; Huisstede, Bierma-Zeinstra, Koes, & 
Verhaar, 2006; Shanahan & Sladek, 2011). In Portugal, the PROUD Study identified WMSD 
complaints in 2010 and reported, for 11% of the working population, WULMSD as more 
common in the Automotive Industry and Electronic and Electrical Assembly Lines (Miranda, 
Carnide, & Lopes, 2010). At the present, studies analyzing the distribution and frequency of 
upper limb musculoskeletal symptoms overtime are still missing (Kennedy et al., 2010; Zoer, 
Frings-Dresen, & Sluiter, 2014). 

The objective of this study is to analyze the frequency and distribution of upper limb 
musculoskeletal symptoms in assembly line workers, according to individual factors (as age, 
work experience, gender…), symptoms existence (body area affected, intensity) and work 
perceived risk factors (manual handling, force application, posture, vibration, repetitive 
movements). 

2. MATERIALS AND METHODS 

2.1. Study Design and Population 

A cross-sectional survey with 270 assembly workers was performed between the 17th 
September 2014 and 1st October 2014 in an automotive industry of Portugal. 

A presentation of the study was made to Human Resources and Production. After the 
authorization of the company and ethics considerations (CNPD – Portuguese Data Protection 
Authority), a 20 minutes briefing to invite to participation was prepared and done in both shifts 
(n=1100). A flyer with a sum of the information was distributed. The workers that wanted to 
participate signed an informed consent (n=400) and filled a form with their email address and 
number of employee, for posterior codification. 

Later an email with a link to the survey was sent to the participants. The online questionnaire 
was available during 15 days; 270 workers completed the questionnaire. 
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2.2. Online Questionnaire (WORK4HEALTH® PLATFORM) 

The Work4Health® platform is an online questionnaire that collected information using 
SurveyMonkey.inc. Data was organized in 5 groups: demographic information, health data, 
health status perception, work-related symptoms and work-related information. Its 
construction had as basis the Nordic Musculoskeletal Questionnaire (Kuorinka et al., 1987), the 
SALTSA criteria document for WULMSD (Sluiter, Rest, & HW Frings-Dresen, 2001) and a 
baseline survey conducted by Bohr (Bohr, 2000). 

To address the musculoskeletal symptoms, the SALTSA temporal criteria allowed to identify 
current cases (at the moment, do you have any pain or discomfort?) and a second moment 
was added (last month, did you have any pain or discomfort?) so that the baseline could be 
followed in time in other study. To determine the intensity of musculoskeletal symptoms, it 
was used the numeric pain scale (NPS), validated to measure both pain and discomfort 
(Johnson, 2005) and a body-chart to mark the body area affected. Regarding the health 
status, the first question of the Portuguese version of the 12-item short form Health Survey 
(Sf-12:v2) was used (Cunha-Miranda, Vaz-Patto, Micaelo, Teixeira, Silva, Saraiva-Ribeiro, 
2010). Work-related information gathered the subjective information concerning work 
characteristics (Serranheira et al., 2008), musculoskeletal symptoms existence and its 
association to work. Other information, like service time or worker’s age, was extracted from 
the company. 

2.3 Data analysis 

First, a description of the baseline and the analysis of the musculoskeletal symptoms 
distribution were made. Associations between the symptoms existence and intensity with 
gender, age, work experience, health past history, general health status and work-related 
data, were done using Chi-Square (χ2) tests of independence and correlations tests. The 
analysis was carried out with SPSS software (IBM SPSS Statistics for Windows, Version 22.0. 
Armonk, NY: IBM Corp.). 

3. RESULTS AND DISCUSSION 

3.1. Baseline Characteristics 

From the 400 workers that returned the informed consent, 272 answered the questionnaire 
and 270 completed it (24.5% of the 1100 assembly line workers). 

3.1.1. Demographic Variables 

Participants were mainly men (87%), right-handed (88%), with an average age of 36 years, 
working at the company in the last 15 years and the majority (65.2%) had secondary school 
education (Table 1). 

3.1.2. Health Data 

Health data shows that 46.7% had a normal body mass index (BMI) and 44.8% were 
overweight - World Health Organization (WHO) criteria. 

Perceived general health status (GHS) was signed as “good” by 56.7% of the workers; from 
these, 13.7% had diseases and took medication. The majority (56.7%) referred a 
musculoskeletal injury in the past and 2.6% reported having a medical restriction at work for 
upper limbs conditions (Table 1). 

3.1.3. Work-related Musculoskeletal Symptoms 

Regarding discomfort or pain, 68.1% answered positively in the last month and 68.5% at the 
moment. The most reported locations for both periods were neck/cervical (7.4 last month and 
at the moment), lumbar spine (15.9 and 13%), shoulder (9.2 and 9.3%), wrist (5.9 and 5.5%) 
and the hands (5.5 and 5.6%) – Table 2. In sum, upper limbs were the body areas most 
reported in both periods. 

The average intensity of musculoskeletal pain/discomfort was 4.02 and 3.66 for the last month 
and in that moment, respectively (SD=3.23 and 3.06). 
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Variable N (%) Mean SD 

Age (years) ----- 36.2 5.03 

Gender 
Female 
Male 

 
33 (12.2) 
237 (87.8) 

----- ----- 

Admission (years) ----- 15.07 6.25 

BMI 
Underweight 
Normal 
Overweight 
Obese 

 
1 (0.4) 

126 (46.7) 
121 (44.8) 
22 (8.1) 

----- ----- 

Education 
Lower school 
Middle School 
Secondary School 
Higher education 

 
4 (1.5) 
73 (27) 

176 (65.2) 
17 (6.3) 

----- ----- 

Diseases 
Yes 
No 

 
57 (21.1) 
213 (78.9) 

----- ----- 

Medication 
Yes 
No 

 
67 (24.8) 
203 (75.2) 

----- ----- 

Musculoskeletal injury (past) 
Yes 
No 

 
153 (56.7) 
117 (43.3) 

----- ----- 

General Health Status 
Excellent 
Very good 
Good 
Fair 
Poor 

 
18 (6.7) 
47 (17.4) 
153 (56.7) 
49 (18.1) 
3 (1.1) 

----- ----- 

Table 1. Demographic, individual and health characteristics. 

 last month - n (%) at the moment - n (%) 

Discomfort/Pain   

Yes 184 (68.1) 185 (68.5) 

No 84 (31.9) 85 (31.5) 

Body area   

Cervical/neck 20 (7.4) 20 (7.4) 

Dorsal spine 6 (2.2) 8 (3) 

Lumbar spine 43 (15.9) 35 (13) 

Lower limbs 43 (15.9) 46 (17) 

Upper limbs: 72 (26.6) 76 (28.1) 

Shoulder 25 (9.2) 25 (9.3) 

Arm 6 (2.3) 7 (2.6) 

Elbow 3 (1.1) 7 (2.6) 

Forearm 7 (2.6) 7 (2.6) 

Wrist 16 (5.9) 15 (5.5) 

Hand 15 (5.5) 15 (5.6) 

Table 2. Musculoskeletal Symptoms distribution. 
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3.1.4. Work-related data 

Workers were mainly line operators (46.7%), although inspectors and break-down mechanics 
also participated (14.4 and 12.6%, respectively). 

Considering the perceived work risk factors, manual material handling (MMH) was present in 
59.3% of a workday (46.88% of these participants reported it as being present in 25% of the 
day), repetitive movements in 91.9% of the day (100% of a working day for the majority of 
participants), tasks with force application were reported by 83.3% of the workers (62.22% 
referred 25 to 50% of a working day), static positions in 76.3% of a working day (in 25% of 
the day for 41.26% of the participants reporting static positions) and power tools vibration was 
mentioned by 52.6% of the participants (for 33% of the participants was present in 25% of 
their working day). 

More than half of the participants (54.4%) answered positively when questioned about the 
musculoskeletal complaints and its perceived association to work demands. 

3.2. Neck and upper limb musculoskeletal symptoms 

Concerning the population with neck and upper limb symptoms (n=96), 16 women (48%) 
reported neck/cervical, shoulder and hand discomfort/pain; 80 men (33.75%) reported 
symptoms in neck/cervical, shoulder and wrist. 

Regarding work experience, classes were created to determine the distribution of neck and 
upper limbs symptoms existence (0-5y; 6-10y; 11-15y; 16-20y; +20y). The most 
representative periods of work experience were 0 to 5 years (15.6%) and 16 to 20 years 
(62.5%). 

Applying the same analysis to age’s classes, 32.3% of the workers with discomfort/pain had 31 
to 35 years and 35.4% had 36-40 years (67.7% of the population with neck and upper limbs 
symptoms). 

From the 96 workers, 59 reported a musculoskeletal injury in the past (61.46%). 

At the survey moment the majority of workers with neck and upper limbs musculoskeletal 
symptoms reported pain/discomfort intensity above 4 in NPS (Table 3). Analyzing the intensity 
categories and the GHS, 51% of the “good” responses were classified in the “moderate 
intensity”, against 28.6% in the “severe”. The “fair” responses were mainly in the “severe” 
category – 61.54%. 

Discomfort and Pain Intensity n (%) 

Mild discomfort/pain (1-3) 18 (18.8) 

Moderate discomfort/pain (4-6) 39 (40.6) 

Severe discomfort/pain (7-10) 39 (40.6) 

Table 3. Intensity by category 

3.3. Associations between variables 

The “at the moment” data was chosen to analyze the possible associations between variables. 

Associations between having/not having musculoskeletal symptoms with all the groups of 
variables were determined. No relations were found with age (χ2= -0.020; p=0.794; n=270), 
work experience (χ2= -0.016; p=0.791; n=270) or professional designation (χ2 = 0.714; 
p=0.023; n=270). Injury in the past had significant correlation to symptoms existence 
(r=0.212; p=0.01), as GHS (r=-0.308; p=0.01). 

Other analysis was made concerning the workers only with neck and upper limbs 
musculoskeletal symptoms (n=96). Intensity of discomfort/pain was only significant associated 
to GHS (χ2 = 0.24; p=0.018; n=96). For age or work experience no associations were found 
((χ2 = 0.059; p=0.571; n=96) (χ2 = 0.066; p=0.523; n=96)). 
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3.4. Discussion 

Being men, with ages between 30 and 40 years, with an average of 15 years working in the 
same company, were the most common characteristics in this survey, in agreement with other 
studies (Ferguson, Marras, Allread, Knapik, & Splittstoesser, 2012; Gold et al., 2009; Kitis et 
al., 2009; Menegon & Fischer, 2012; Ohlander, Keskin, Weiler, Stork, & Radon, 2016; 
Pullopdissakul et al., 2013). Regarding musculoskeletal symptoms, despite the different 
methods and criteria used, neck and upper limbs were also the most reported body areas, as 
in other studies (Colombini & Occhipinti, 2006; Eatough et al., 2012; Eerd et al., 2016; Gold et 
al., 2009; Kitis et al., 2009; Sundstrup et al., 2013b). Referring the intensity of 
musculoskeletal symptoms, in work context the majority of complaints intensity appear to be 
mild; our study points out higher values, being musculoskeletal pain over 4 in NPS considered 
as significant (Werner et al., 2005). 

Despite the small number of associations between variables, GHS and musculoskeletal injury in 
the past appear to be the most important variables related to musculoskeletal symptoms 
existence and intensity. As reported, participants with lower GHS, as those having a past 
musculoskeletal injury, rated discomfort/pain intensity with higher values. When people have 
been working for years in assembly lines, chronic conditions are expected; physically 
demanding jobs have 80 to 150% higher risk to develop chronic health conditions (Shanahan 
& Sladek, 2011). Along with this, the relation of perceived health status with chronicity 
(Koolhaas, van der Klink, de Boer, Groothoff, & Brouwer, 2013), could suggest the presence of 
chronic health conditions in this population. 

Although GHS and past musculoskeletal injury were the variables more related to the 
existence of musculoskeletal symptoms of the neck and upper limbs, longer working life in the 
same company (over 15 years) had associations to higher intensity symptoms as smaller 
periods (under 5 years). These results could suggest that chronic conditions prevention should 
start with younger workers (Macdonald, Driscoll, Stuckey, & Oakman, 2012). These data, 
along with the fact that our results showed no associations to age, goes on with other study, 
that reports that even though age and length of service at the same company could be 
expected to correlate with musculoskeletal symptoms, not existing associations could mean 
that the allocation of workers in certain tasks can influence musculoskeletal symptoms (Landau 
et al., 2008). A hypothesis for the authors is that the younger workers could be allocated to 
“unfavourable” tasks, as the older ones could go to more “favourable”. Other studies report 
lower work experience and its relation to musculoskeletal symptoms (MacDonald, Cairns, 
Angus, & Stead, 2012). Additionally, our results suggests that having neck and upper limb 
musculoskeletal symptoms is independent also of gender and education (Loeppke, Edington, 
Bender, & Reynolds, 2013; Santos & Moreira, 2013; Werner et al., 2005). Gender appears to 
be not important to determine job allocation in this population. Criteria and health 
recommendations for job allocation could be an important step. 

There are some limitations to point out on this survey. Firstly, the low rate of participation and 
therefore is limited to compare with other automotive assembly lines. On the other hand, 
WULMSD have a multifactorial etiology and psychosocial/organizational and work risk factors 
were not fully addressed in this survey. Perceived work-related information should be analyzed 
together with an assessment of work risk factors, work ability and clinical examination. Further 
analysis should determine if our findings could be related to low levels of work ability and 
quality of life (Sjøgaard, Justesen, Murray, Dalager, & Søgaard, 2014). 

Despite a consensus concerning predictive factors for musculoskeletal pain and discomfort 
does not exist (Stewart et al., 2014), our study points out the age under 40, working life over 
15 years and GHS as the variables more related to those complaints. More studies on 
predictive models are important, as monitoring those workers during a period at least of 6 
months (Nelson et al., 2006). 

4 CONCLUSIONS 

This survey identified the frequencies and distribution of musculoskeletal symptoms, individual 
characteristics, health and work-related perceived information. Age and gender have no 
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explanatory values for musculoskeletal symptoms. GHS and past musculoskeletal injury were 
the variables with association to the existence of musculoskeletal symptoms of the neck and 
upper limbs. 

An early identification of musculoskeletal symptoms and continuous health surveillance is of 
most importance to develop WULMSD prevention measures. Future studies should focus on 
surveillance methods and following these workers for a broader period. 
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