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Abstract: This study followed assembly line workers during 7 months, comprising a 4-wk season
holidays. The main purposes were to determine the potential effect of working time on the presence
and intensity of upper limb musculoskeletal symptoms, as to verify the effect of 4 wk of job inter-
ruption in the upper limb musculoskeletal symptoms presence and intensity. Data was collected
during 6 moments. Generalized estimating equations analyses were used. For the effect estimates,
odds ratio with corresponding 95% confidence intervals were reported for each outcome/model.
The upper limb musculoskeletal symptoms showed a significant increase (p=0.001), especially after
the 4 wk off. In all data collection points there was a significant positive association between the
upper limb musculoskeletal symptoms and general health status (p<0.001). Considering symptoms’
intensity, significant relations were found (p<0.001). Work time had a negative effect on the work-
related upper limb musculoskeletal symptoms over 7 months (OR 0.909, 95% CI 0.861-0.960,
p=0.001). For the intensity of upper limb symptoms, the effect of time was also statistical significant
(OR 0.115, 95% CI 1.031-1.220, p=0.008). A 4-wk job interruption did not show an immediately
positive effect on upper limb musculoskeletal symptoms presence.

Key words: Work-related upper limb musculoskeletal disorders (WRULMSD), Musculoskeletal symptoms,
High-demanding jobs, Automotive assembly, Occupational health

Introduction

Automotive assembly line work is characterized by
standardized tasks, frequently addressed as high demand-
ing jobs". The highly repetitive work (the same move-

*To whom correspondence should be addressed.
E-mail: mm.guerreiro@ensp.unl.pt

©2021 National Institute of Occupational Safety and Health

ment two to four times a minute or in cycles below thirty
seconds?) with short recovery periods are often related
to neck, shoulder, elbow and forearm musculoskeletal
disorders® . Repetition and force exertion are common
in these settings and when both occur over a significant
period of time, may lead to cumulative biomechanical
loading, causing reduced functional capacity to continue
performing the task and maintaining force™ ®.

That biomechanical exposure, for itself, is an im-

portant factor for the development of musculoskeletal
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disorders’®. This exposure to physically demanding work
with insufficient recovery periods may result in the devel-
opment of the work-related upper limbs musculoskeletal
disorders (WRULMSD), one of the most common health
problems in automotive assembly lines” ¥

A study on newly employed manufacturing workers
found that most of the musculoskeletal disorders (includ-
ing upper limb disorders) developed in the first twelve
months'>. Other study, in the early 90’s, compared a
part-time job with a full time (8 h), reporting that a 5 h
working day could delay the development of some of
the musculoskeletal disorders'®. Although there is still a
lack of evidence on how long exposure should be for the
onset of musculoskeletal disorders in assembly lines'* '
it appears, among other variables, that the duration of the
exposure (as a working time period) is critical for time of
recovery.

Pauses or other job interruptions are supposed to allow
the musculoskeletal system to recover, maintaining the
worker productive and avoiding fatigue development!”.
Nevertheless, time variation, as the effects of duration,
type, and frequency of rest periods are still poorly stud-
ied®, especially in employees working in assembly lines.
Regarding the relationship between job interruptions and
the effects on upper limb (UL) musculoskeletal symptoms
and WRULMSD, there is even less evidence, being un-
clear whether there is any dependency between its’ length
and the effect of a long-term period off, as a vacations’
period'®.

The uncertainty surrounding the interactions between
time in and out of work and the development of muscu-
loskeletal disorders in high demanding jobs highlights
the importance to follow workers with symptoms as a
substantial measure to better understand work interactions
and manage occupational health issues. This implies the
assessment of early perceptions of pain, as musculoskeletal
discomfort®, which has been reported as an initial stage of
WRULMSD* 12D Both musculoskeletal discomfort and
pain are the most prevalent symptoms in work settingszz)
and its intensity should be related to changes in worker’s
functional status®®. Although there is no strong evidence
regarding work context, musculoskeletal symptoms scoring
intensity values over 4 in a 10-point scale have been estab-
lished as significant and requiring intervention®®. This is
an important suggestion to take into account when we are
referring to assembly lines work and to the management of
workers’ health issues during working time periods.

Considering the insufficient evidence for the distribu-
tion, frequency and changes on intensity of the UL mus-
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2425 in the automotive

culoskeletal symptoms over time
industry, the present study followed a group of assembly
line workers during 7 months, before and after a 4-wk off
period, with the specific aims: 1) to determine the poten-
tial effect of working time on the presence and intensity
of upper limb musculoskeletal symptoms; 2) to verify the
potential effect of 4 wk of job interruption in the upper
limb musculoskeletal symptoms presence and intensity; 3)
to describe the general health status and its relation to

musculoskeletal symptoms intensity over time.
Subjects and Methods

Study design

This was a longitudinal study that followed assembly
line workers from an automotive industry from September
2014 to April 2015, which included a job interruption of
4 wk for season holidays (between 15th December and
12th January). Data was initially assessed every month
however, considering the interruption for holidays, the
initial 6-month follow up turned into a 7-month longitudi-
nal study. Considering this, data collection occurred in six
different moments: three moments separated by one month
before the 4-wk off period—TO (baseline, September),
T1 and T2, and three moments after the 4-wk off period
(January, March and April—T3-T4-T5—respectively).

Assembly line work

In this area of the automotive industry, the car is as-
sembled with other parts into a complete vehicle. The
assembly line is divided into different areas; each area has
a unit, constituted by different stations. In a typically 8 h’s
working day, the worker changes to other station every 2 h.

There are stations with powertools and handling de-
vices, others requiring snap-fits (manual attachment of
pre-shaped plastic flexible parts) and in several positions it
is necessary to work under the car, above shoulder’s line.
It is usual to acknowledge an assembly line as a workplace
with noise, vibrations and machines, as vehicles of parts
transport or garbage collection.

The cycle for a car to be assembled is short and that
means that every 90 s a new car comes down to the line.
The present industry had a morning shift (from 7.00 h to
15.30 h) and an evening shift (15.30 h to 23.00 h). The
lunch/dinner break was of 30 min and for both shifts there
were 2 additional breaks of 7 min each.

Participants
This study was in agreement with the recommendations
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of the Declaration of Helsinki and submitted and accepted
by the Portuguese Data Protection Authority (authorization
nr 8602/2014). The workers attended an informative ses-
sion to invite for participation. Individuals who agreed to
participate signed an informed consent and provided their
email address and number of employee.

Inclusion criteria were: (i) female and male workers,
(i1) working at the assembly line, (iii) volunteers, (iv) age
between 18 and 65 yr, (v) workers performing the same
activity in the last 3 months, (vi) not having medical re-
strictions (as examples: not working with powertools, not
performing movements above shoulder line or repetitive
movements of the elbow joint).

There was no compensation for participating in this
study; the company allowed the participation during work-
ing hours.

Participant flow

After the information session, there were 400 workers
with intention to participate. From these, 270 completed
the baseline survey (Fig. 1). After applying the inclusion
criteria, only those participants whom completed the
survey at least in one collection point besides TO were
selected (n=225) (Fig. 1).

The 225 workers considered in this study showed some
fluctuations on their response during the follow-up period
(Fig. 2). After 1 month, 2.2% did not answer to the survey
and, in the last reply, a loss to follow up of 23.1% was
found. This non response increased in time, although for
T4 there was an exception.

Outcomes

For every collection points the work-related muscu-
loskeletal symptoms (discomfort and pain), location and
symptoms’ intensity were determined as the outcomes to
analyze during the follow-up. A secondary outcome was
general health status.

Data collection

Each point of follow up collected information through
an online survey (SurveyMonkey.inc). The participants
received by email a link to the questionnaire, which should
be answered within 2 wk. If the participant failed to return

TO T1 T2

K 225 NN 220 NN 19

4 22% ¥ 133%

Fig. 2. Loss to follow up.
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BASELINE QUESTIONNAIRE SENT BY
EMAIL TO 400 VOLUNTEER WORKERS

130 workers did not completed/reply to
the survey

270 COMPLETED REPLIES

Medical Restrictions: 6
< 3 months on the job: 14

250 PARTICIPANTS
=\

Non-resp during the follow-up: 25

225 PARTICIPANTS
INCLUDED

Fig. 1. Flow chart of the participants in study.

a completed questionnaire within 10 d after the initial
email, a second email with the questionnaire was sent. In
the case of no response, a text message was sent to inform
that the survey was closing in 24 h and the participation
was important.

The survey was constituted by 5 topics at TO: 1-
sociodemographic data (age, gender, weight, height),
education, exercise — Do you perform regular physical
exercise at least twice a week?); 2- health data (previous
musculoskeletal injury — type and anatomical location
of the injury, time of the last episode — diseases — Do
you have any of the following diseases: a) Diabetes; b)
Hypertension; c) Gout, d) Osteoporosis; e) Osteoarthritis;
f) Herniated disc; g) Carpal tunnel syndrome; h) Other
(please specify) — and medication data- Do you take any
medication regularly?); 3- self-reported general health
status(the first question of the Portuguese version of the
12-item short form Health Survey — Sf-12:v2); 4- work-
related musculoskeletal symptoms (presence of discom-
fort/pain — and its’ intensity and location); 5- work-relat-
ed information (job designation, job tenure and perceived
occupational risk hazards — yes/no. If the worker replied

T3 T4 T5
151 NN 153 NN 173
TIME
4 19.6% 1 187% ¥ 231%
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Table 1. Baseline survey: explanatory of the physical hazards

M GUERREIRO et al.

Question

Possible answers for each hazard:

Considering your daily work activities:

Please identify the main characteristic(s) that describe your function

by referring the average time you spend in the following situation(s):

Physical hazards 1. Manual Material Handling

2. Repetitive movements/gestures
3. Force application

4. Static work

5. Use of powertools

1- 100%/d
2-75%/ d
3-50%/ d
4-25%/ d

5- 0%/ not appliable

“yes” to one or more hazards, the daily percentage was
determined (Table 1). Answer as never/not applicable and
25% of the day were considered as low physical exposure,
as the other possibilities were considered as high physical
exposure.)

For the following data collection points—T1 to T5—the
survey only collected the outcomes in study: the presence
of musculoskeletal symptoms—discomfort/pain—and its
intensity and location and the self-reported general health
status.

Work-related UL musculoskeletal discomfort and pain

The presence of UL musculoskeletal symptoms was as-
sessed considering a dichotomic question (yes/no answer)
— At the present, or at least for 4 d during the last 7 d,
have you experienced any musculoskeletal discomfort or
pain? The temporal criteria had as referential the SALTSA
criteria, a screening tool that takes into account the time-
frame (symptoms at the present), duration (during at least
1 wk) and frequency (at least 4 d during the last 7 d)>2°).

Anatomical area and intensity of UL symptoms

A body map?”) was available with each data collec-
tion; the participants were expected to select the affected
anatomical area. It was possible to select the right or left
side of the body, and each body region was flagged (head,
cervical, dorsal, lumbar, shoulder, arm, elbow, forearm,
wrist, hand, hip, thigh, knee, leg, ankle, foot). Due to the
heterogeneity and often multisite pain of the reported
musculoskeletal symptoms in these settings®®, in case
there was more than one complaint the selection was to be
based only on the highest intensity symptom.

For symptoms’ intensity, a 10-point scale was used—pain
intensity numeric rating scale (PI-NRS)—where 0 represents
“no pain” and 10 “unbearable pain”. This scale is easier to
score and is validated to measure both pain and discomfort*”
39 as was shown for sensitivity to changes in pain®! 3%,
reinforcing its use in reassessments and follow-up’s.

General health status

To analyze the dependency between the variations in
general health status (GHS) and the symptoms’ intensity
scores over time, GHS assessment was made through the
first question of the Portuguese version of the 12-item
short form SF-12°¥ — How do you rate your overall cur-
rent health? The workers should reply on a 5-point Likert
scale ranging from 1 (excellent) to 5 (poor). This single
global health-rating question has been previously used*,
considering a relation of the self-reported general health to

chronic pain®> 3.

Statistical methods

Descriptive statistics were used to describe the partici-
pants’ characteristics, as well as the outcomes during the
follow-up (presence of symptoms, location and intensity).

Spearman’s rank correlation was used when analyzing
the UL symptoms variations in time. To determine the UL
symptoms’ mean intensity variation over the follow-up,
a repeated-measures analysis of variance (ANOVA) was
performed. An alpha level of 0.05 or less was accepted as
statistically significant.

To study the outcomes presence of work-related UL
symptoms and intensity during the 7 months, generalized
estimating equations analysis was used > 3®. Two models
were determined: Model one, a logistic regression model,
measured the effect of time (0, 1, 2, 4, 6, 7 months) on the
outcome presence of work-related UL musculoskeletal
symptoms (binary variable). The analysis was carried
out with binomial distribution and a correlation structure
autoregressive 1st order [AR (1)], with subjects measured
repeatedly with time as repeated measures factor within
subjects. For the effect estimates, odds ratio (OR) with
corresponding 95% confidence intervals (CI) were re-
ported.

In model two, a linear regression model measured the
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effect of time (0, 1, 2, 4, 6, 7 months) on the intensity of
work-related symptoms (numerical variable), with normal
distribution, correlation structure autoregressive 1st order
[AR (1)], with subjects measured repeatedly with time as
repeated measures factor within subjects. The estimation
of the effect considered the linear regression coefficient
with corresponding 95% confidence intervals (CI).

All analyses were performed using the SPSS software
(IBM SPSS Statistics for Windows, Version 24.0. Armonk,
NY, USA).

Results

70

Sociodemographic, health-data, self-reported job char-
acteristics and self-reported musculoskeletal symptoms are
listed in Table 2. The study population was mostly consti-
tuted by male workers (88.9%), predominantly in the age
band 3140 yr, with average job tenure of 15.49 yr.

There were 20.8% of the individuals reporting diseases.
Among these, the majority selected other conditions (such
as hearing problems, respiratory chronic conditions, as-
sociated conditions—as HTA with diabetes or asthma—
gastritis, gout) or did not specify any disease. Regarding
having a previous musculoskeletal injury, 57.8% of the
workers answered yes, being the upper limb the most
reported (20.4%). The last episode occurred at least 1 yr
before the survey. The self-reported general health status
was mainly stated as good (57.3%).

Regarding work characteristics, repetitive motion and
force application, were the most selected (93.8 and 85.8%,
respectively), both with high frequency of exposure/day
(Table 2).

For work-related musculoskeletal symptoms, there were
68.4% of the participants reporting discomfort or pain at
baseline, with mean intensity was 5.04 on the PI-NRS
(Table 2). The majority of the reports considered the UL
(35.6%) and the mean intensity was 5.31.

The follow-up study
Frequency of self-reported UL musculoskeletal symptoms
During the follow-up study the number of reported
musculoskeletal symptoms had some variations. This was
not statistical significant (p=0.072) and followed the loss
of participations frequencies during the 7 months (Fig. 3).
The UL symptoms were the most frequently reported
and increased significantly over time (p=0.001). Compar-
ing the time points before and after the 4 wk off (T3) there
was an increase of UL musculoskeletal symptoms imme-

diately after the season holidays (Fig. 3).

Intensity of self-reported UL musculoskeletal symp-
toms

The mean intensity of the UL symptoms reported during
the follow-up was always >5 in the PI-NRS scale (Fig. 4)
(M=5.40, SD=2.08). The data collection after the 4-wk
off (T3) was the time point with a higher value (M=5.5,
SD=2.05).

During the study, there were statistical significant differ-
ences in intensity mean values (Fy1174=251.011, p<0.001).

Self-reported general health status and the associa-
tion to UL symptoms

Over time, the general health status was mainly reported
as “good”. It is possible to verify that after the vacations
period both “very good” and “fair” categories increased
(Fig. 5).

For all collection points, there was a significant posi-
tive association between the reported UL musculoskeletal
symptoms and general health status (»p<0.001). Consider-
ing symptoms’ intensity, the same positive and significant
relations were found (p<0.001).

Time effect on work-related UL musculoskeletal
symptoms and its intensity

Time had a statistical significant effect on having UL
symptoms and on the intensity of the reported symptoms
during the study (Table 3).

For having UL musculoskeletal symptoms the OR<1
shows a decrease of this outcome during time. Regarding
the effect of time in the UL symptoms’ intensity, the GEE
model shows an increase odds of 1.121 in symptoms in-
tensity values (Table 3).

Discussion

The main goal of this study was to follow a group of
workers during the course of 7 months, regarding the self-
reported UL musculoskeletal symptoms presence and in-
tensity and analyze the possible effects of 4 wk of holidays
of the assembly line production.

As key points from the descriptive analysis there were
several characteristics to consider, similar to other studies:
participants were mostly men®* !
36 yr*® %2, the majority in the 16-20 yr of job tenure
and with a body mass index over 2540 4244,

, with an average age of
39, 43)

This follow up showed that the variable time (as work-
ing time in the studied period) had a negative effect on
UL musculoskeletal symptoms presence. The reported UL
musculoskeletal symptoms increased after the 4-wk off.
This goes in line with the cumulative effect of work in
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Table 2. Baseline Characteristics
Variable N (%) Mean SD Variable N (%) Mean SD
Gender (male) 200 (88.9)  -—--—- = - Medication (Yes) 47 (20.9)  —----- -
Age (yr) - 36.20 4.99 Regular Exercise (Yes)  112(49.8)  ------- —momee-
18-20 1(0.4) General Health Status
20-30  22(9.8) Excellent 17 (7.6)
3140 164 (729) - - Very good 36 (16)
41-50 37 (16~4) Good 129 (57.3) ______________
>50 1(0.4) .
Fair 42 (18.7)
BMI 2544 333
Poor 1(0.4)
Normal (<25) 109 (48.4) Work drisk T
rt t
Overweight (25-30) 98 (43.6)  —oer  —ome ork reported risk factors (yes)
Manual Material Handling .
Obese (>30) 13.(8) Manual Material Handlin, 132 (58.7)
Education Low physical exposure 64 (28.4)
(0 to 25% d)
Basic  57(25.3) High physical
—————————— igh physical exposure
68 (30.3
Upper Secondary 153 (68) (50 to 100% d) (30.3)
Higher School 15 (6.7) .
Repetitive movement 211 (93.8)
Tenure (yr) - 1549 592 .
05 33(147 Low physical exposure 34 (15.1)
B (14.7) (0 to 25% d) '
6-10 13 (5.8) . .
11-15 2193 High physical exposure 177 (78.7)
B 03 (50 to 100% d) ’
16-20 152 (67.5) o
Force application 193 (85.8)
2125 6(2.7)
ey Low physical exposure (oo
iseases (Yes) (20.8) (0 to 25% d) .
Dlabe'tes tosy High physical exposure 125 (55.6)
Hypertension 7(3.1) (50 to 100% d) :
OtherNA 39 (17.3) Static work 177 (78.7)
Previous Musculoskeletal injury (Yes) 130 (57.7) Low physical exposure oG
Last episode (0 to 25% d) GLD
<lyr 39(173) High physical exposure 107 (47.6)
1-5yr  33(14.7) (50 to 100% d) '
6-10yr 14(6.2) Powertools 122 (54.2)
>10 yr 16 (7.1) L hvsical
NA  28(12.5) OW PRYSICal EXPOSUIE 35 (16.4)
—————————————— (0 to 25% d)
Anatomical Area High physical exposure 85(37.8)
) (50 to 100% d)
Cervical 52.2)
Lumbar 20 (8.9) Musculoskeletal Symptoms (yes) 154 (68.4)
Upper limb 46 (20.4) Intensity of symptoms (0-10) 5.04 2.07
Lower limb 36 (16) Upper limb musculoskeletal symptoms (yes) 80 (35.6)
Other/NA 23 (10.2) Intensity of symptoms (0—10) 5.31 1.2

SD: standard deviation; NA: no answer.

the musculoskeletal system, considering that the temporal
characteristics of the exposure—duration and dose—could
be more important to the presence of symptoms'®. On
the other side, the mean intensity of symptoms increased
also after the 4 weeks of job interruption, showing a
faint decrease after. This decrease is also present for the

frequencies of reported UL symptoms and our GEE model
shows this negative tendency during time (OR<1). It could
be the case that if the follow up continued, the frequencies
of musculoskeletal symptoms would be reduced.

Our results show that the expected positive effect
from the 4-wk of absence from work was either short
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TO T1 T2 T3 T4 T5 Collection points

Fig. 3. Number (N) of reported work-related musculoskeletal symptoms VS num-
ber (N) of work-related UL musculoskeletal symptoms during the follow-up.
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[
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5.1
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4.9
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4.7
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TO T1 T2 T3 T4 T5
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Fig. 4. UL symptoms mean intensity during the study.
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40 uTO
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30 T2
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excellent very good good fair poor
General Health Status

Fig. 5. Reported General Health Status of workers with UL symptoms.

Table 3. GEE analyses of the association between Time and a) having UL symp-
toms and b) UL symptoms intensity

B p-value OR CI
Having UL symptoms 0.001 0.909 0.861-0.960
UL Symptoms Intensity 0.115 0.008 1.121 1.031-1.220

OR: odds ratio; CI: 95% confidence interval Wald Test.
Having UL symptoms (yes/no).
UL symptoms (PI-NRS).

49
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or inexistent (considering the number of reported UL
symptoms and the decrease of workers with no symptoms
both before and after the holidays) and for that its impact
was not effective and enough to stop that progression.
However, regarding the symptom intensity, it appears that
the workers made an adaptation to work demands after the
interruption. This could be due to the motor adaptation; a
study on assembly lines work reported this adaptability
as the capacity to modify when performing repetitive
work*). There are kinematic and kinetic changes of the
upper limb, in response to muscle fatigues). Given that
our study population can be determined as experienced,
once the average years in the company is over 16, there
is some evidence that for these type of workforce the
ability to develop more variability for shorter cycles of
work is higher®. Additionally, it could be a hypothesis
that in presence of chronic conditions, the return to work
after the season holidays would be characterized by pain.
After a musculoskeletal adaptation occurs, the symptoms
would be decreasing (which can be explained by our GEE
results).

Yet, the intensity of UL symptoms was always over 5 in
the PI-NRS and the participants maintained their perfor-
mance at work. This can reinforce the presence of chronic
musculoskeletal diseases and persistent symptoms. Also
the positive association of general health status and in-
tensity of UL symptoms can support the relation of health
status to chronic diseases®> *®. Regarding that these work-
ers were still performing their job, besides an analysis on
the cumulative effect of working days, the hypothesis of
workers “neglecting their symptoms” is possible. The miss
perception of the onset of pain as sudden and not gradual
and the idea that experiencing symptoms is normal*®, are
an example.

High-demand jobs are related to WRULMSD* ¥ and
there is existing evidence for the first occurrence of
musculoskeletal disorders in the 3 to 6 months'® or in the
first 12 months of newly employed workers'”. Taking this
and the experienced workers in mind, we are excluding
the hypothesis of new cases, once the fluctuations during
time were mostly of workers with symptoms since TO (and
probably before). This is a situation already reported—
workers with symptoms at baseline are more likely to
have/maintain symptoms in follow-up studies®> *7).

To our knowledge, there is no consistent evidence
considering a break of 4 wk and its impact on musculo-
skeletal symptoms in the automotive industry—studies
have been reporting data concerning breaks during the

17, 48, 49)

workday or short vacations, as 2 wk, but in relation

M GUERREIRO et al.

to well-being'®. As working time is strongly associated to
14, 50)

the development of musculoskeletal disorders , 1t 18
still inaccurate to determine how long it takes to reduce an
inflammation process or what would be the amount of time
needed for recovery'” (and adaptation). The majority of
the participants probably already had WRULMSD and the
4-wk off was not enough to reduce symptoms frequencies.
A study on low back pain in high demanding jobs showed
a cumulative effect of consecutive workdays and its rela-
tion to back pain®”. It can be hypothesized for our work
population this cumulative effect and a similar result on
the upper limb. A plausible justification can be related to
WRULMSD development theories and the chronic inflam-
mation process, that leads to changes over time®> >, It can
be predicted that the symptoms reported would be more
related to an inflammatory episode of chronic pain rather
to an acute injury, even though this is still a multivariable
and complex transition®".

Furthermore, given the fact that the reported UL mus-
culoskeletal symptoms in our study had high intensity
values, we consider that it was in fact musculoskeletal
pain rather than discomfort, since the latter is likely to be

reversed by load reduction or rest>?.

Study limitations

This study had several limitations and our findings
have limited transferability to other automotive assembly
lines. Firstly, these were volunteer workers and that could
represent a sample bias. Secondly, the outcomes in study
were exclusively based on self-reported information that
could determine possible misclassification bias or/and
underestimation of the associations. A physical assessment
in each collection point would be important to overcome
this limitation. Thirdly, after the 4-wk off the number of
participants dropped 19.6%, contrary to the increase of UL
symptoms. Considering the self-reported data, follow up
studies can lead to bias, once there is a higher probability
of maintain the workers with health complaints®”. It is
also a fact that the 7-month follow up is, by itself, a limita-
tion, once we can question if this time period was enough
to understand the development of the UL symptoms over
time. Perhaps a longer study, with other season holidays
break, would add important information in this topic.

Recommendations

We consider important in the future to develop more
studies on job daily rotations in automotive assembly
lines, once it can contribute to the cumulative exposure of
the upper limbs. One hour rotation, which is not the cur-
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rent rotation system for these type of industries®®, could
be more appropriate to muscle activity patterns'®. Also
studies on new approaches in the return to high demand-
ing jobs after sickness leave or holidays would be of must
importance in chronic musculoskeletal conditions. This
highlights the importance of the reorganization of work
in high demanding jobs, in order to prevent WRULMSD.
Additionally, to be able to follow workers through time
can provide important evidence to better understand the
transitions between muscle fatigue, musculoskeletal dis-
comfort and pain®.
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