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Abstract

Background: The electronics industry is one of the largest global industries, and significant numbers of workers are
engaged in this industry. Evidence suggests two associations, including one between ergonomic risks and shoulder
disorders and another between psychological stress and psychological problems among workers in this industry.
Investigations on ergonomic risks, psychological stress, and sex effects for shoulder disorders in this industry are
limited. This study aimed to explore personal and work-related factors associated with shoulder disorders and to
investigate the combined effect of similar ergonomic risk factors.

Methods: In this cross-sectional study, 931 workers aged 20 to 58 from an electronics factory in Taiwan were
recruited. A Nordic musculoskeletal questionnaire was used to assess shoulder symptoms. Sociodemographic
factors and work-related factors, including psychological stress, were assessed. One hundred random sample
workers with shoulder symptoms underwent a standardized clinical test for the evaluation of subacromial
impingement syndrome. The ergonomic risks were assessed by the risk filter of ‘upper limb disorders in the
workplace’, including repetition, posture, force, vibration, and duration of exposure.

Results: The prevalence of shoulder symptoms was 30.5, and 19% of those with shoulder symptoms had
subacromial impingement syndrome. In multivariable analyses, older age (adjusted odds ratio (@OR) =1.37, 95% Cl
1.01-1.86), repetition (@OR = 1.73, 95% Cl 1.15-2.60) and posture (@OR = 1.85, 95% ClI 1.10-3.11) were associated with
shoulder symptoms. Regarding the gender effect, older age (@OR = 146, 95% Cl 1.01-2.11), repetition (@OR=1.64,
95% Cl 1.00-2.68), posture (aOR = 1.89, 95% Cl 1.01-3.52), and force (aOR = 1.68, 95% Cl 0.99-2.85) were associated
with shoulder symptoms in men, whereas posture @OR =2.12, 95% Cl 0.99-4.57) was associated with symptoms in
women.
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disorders are warranted.

Keywords: Shoulder, Work-related, Repetition, Posture

Conclusions: This study implies that repetition and posture are important risk factors for shoulder disorders in the
electronics industry. The risk exhibited sex differences, and force was more important for shoulder disorders in men.
Such information is useful to help occupational health practitioners and policy makers conduct preventive
programmes on shoulder disorders in this working population. Future longitudinal studies on work-related shoulder

Background

The electronics industry was estimated to engage 18 mil-
lion workers worldwide in 2010 [1] and is the leading in-
dustry in many East Asian countries, including Japan,
South Korea, and Taiwan. Over 800,000 employers
belonged to the industry in Taiwan in 2016 [2]. In
addition to chemical and physical hazards, the work en-
vironment of the industry may contain ergonomic haz-
ards, such as repetition, lifting, and awkward posture [3—
6], making the population vulnerable to developing mus-
culoskeletal disorders.

The manufacturing of thin film transistor liquid crystal
displays (TFT-LCDs) is a common example of the elec-
tronics industry. Three processes occur during the
manufacturing of TFT-LCD panels: array, cell, and mod-
ule assembly processes. The array process is similar to
the semiconductor manufacturing process [7], which has
been linked to upper limb musculoskeletal symptoms. A
dose-response effect between the symptoms and working
hours was observed [8]. Next, the cell process joins the
arrayed substrate to the colour-filter substrate; then, the
space between two substrates is filled with liquid crystal.
Finally, the module assembly process requires assem-
bling components, such as circuits and backlight units,
into the glass panel. In the module department of a
TFT-LCD factory, Lu et al. found that the most preva-
lent location of musculoskeletal symptoms was the
shoulder (59.8%) [9]. They also indicated that a high
work-related ergonomic risk for the shoulder area was
associated with the following factors: poor arm support,
mismatched workstation design, and worker anthropom-
etry. In another similar study of an electronic assembly
factory, Pullopdissakul et al. [10] assessed four work-
related ergonomic hazards, including repetitive motion,
high force, awkward posture, and contact stress. They
found that ergonomic hazards were associated with
upper limb musculoskeletal disorders. Furthermore, the
exposure profile in settings of the electronics industry
may be characterized by combined ergonomic expo-
sures. Although several studies have assessed the com-
bined effect of ergonomic risks for musculoskeletal
disorders [11-13], investigations on whether the com-
bination of two or more similar ergonomic risks in-
creases the risk of shoulder disorders are rarely
addressed in the electronics industry. For example,

workers exposed to both awkward joint positions and
joints held in fixed positions have high odds of shoulder
disorders compared to those with only one exposure.

Regarding the work environment, the manufacturing
process of microelectronic products requires the protec-
tion of special work environments, namely, clean rooms,
where employees need to be completely covered in pro-
tective suites [14]. When the workers remain completely
suited while performing repetitive tasks during the entire
work shift, these head-to-toe garments can cause dis-
comfort and limit the range of body movements. Fur-
thermore, the electronics industry is known for its rapid
technological innovation, global competition, operation
on shift work, and performance-based pay systems [3,
15]. The association between psychological stress and
psychological problems in the industry has been identi-
fied [6], but very few studies have investigated the psy-
chosocial risk factors for shoulder disorders.

Although current evidence suggests that personal fac-
tors (i.e., age and sex) [16-19], ergonomic risks [20, 21],
and psychological stress [16, 22] were associated with
shoulder disorders, there have been very few investiga-
tions on all three factors for shoulder disorders in the
electronics industry. An understanding of modifiable risk
factors is critical to facilitating future efforts to prevent
shoulder disorders in the industry. Therefore, the first
objective of this study was to explore potential work-
related and personal factors among workers with shoul-
der disorders in a representative TFT-LCD factory. The
second objective was to examine the combined effect of
similar ergonomic risk factors for shoulder disorders.

Methods

Study population

This cross-sectional study was carried out in the follow-
ing situation and process. In the period of the annual
medical examination of an electronics enterprise in
2010, the formal written instructions for the study was
posted at the place where the medical examination was
performed. All available participants of the enterprise
were invited to participate in the study, and a research
staff member explained the detailed information about
the study purpose, process, and their rights to the inter-
ested participants. The participants were given the op-
portunity to decline participation or to withdraw at any
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time. Privacy was guaranteed during the study, and in-
formed consent was obtained from all individual partici-
pants recruited in the study. It was one of the largest
TFT-LCDs in Taiwan with more than 1000 workers.
Participants were recruited from the electronics enter-
prise. The inclusion criteria were age older than 20 years
and working in the enterprise. A total of 1029 workers
were eligible, and their age was between 20 and 58 years.
Participants invited in the study were the population
who received an annual medical examination, and one
of the requirements for the examination was having
work experience of more than half a year. Therefore, an-
other duration of work experience was not considered
for inclusion criteria. The exclusion criteria were foreign
nationals in Taiwan. Based on a previous study of shoul-
der pain in a working population [23], an adjusted odds
ratio = 1.73 and a one-year cumulative incidence rate =
6.6% were used to calculate the sample size. The calcula-
tion showed that a total of 655 patients would be re-
quired at a significance level of 0.05 and 95% power. A
total of 1029 eligible participants were provided with in-
formation on the study, such as study purpose and
methods. Twenty-nine participants refused to join the
study (response rate: 97.2%). The final sample included
931 participants after excluding those with missing
values for age (m=44) and ergonomic risks (n=25)
(Fig. 1). In the study population, 13 participants had
acute musculoskeletal disorders (such as driving acci-
dents, falls, etc.).
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Outcome measures

The definition of shoulder symptoms within 12 months
preceding the survey was based on the Nordic question-
naire [24]. The questionnaire of detailed shoulder symp-
toms on occupational cause, duration, frequency and
severity of shoulder symptoms consisted of four items.
The following items were included in the questionnaire:
(1) Are your shoulder symptoms the occupational cause?
(2) Have your shoulder symptoms lasted for more than 1
month during the last 12 months? (3) Are the frequency
of your shoulder symptoms occurring more than once per
week during the last 12 months? (4) Have your shoulder
symptoms caused you to reduce your activity during the
last 12 months? (Supplementary file 1) To understand the
clinical diagnosis of shoulder symptoms, objective indica-
tors based on special physical examinations of the shoul-
der were applied in this study. Physical examination was
performed by an occupational physician using a standard-
ized clinical procedure. The procedure strictly followed
the clinical tests of the European consensus criteria docu-
ment for the evaluation of the work-relatedness of upper
extremity musculoskeletal disorders [25]. In the study,
participants with shoulder symptoms were randomly
assigned to a group (n=100) receiving physical examin-
ation. The type of randomization was a simple
randomization. Sequence generation was performed ac-
cording to a computer-generated list of random numbers.
Moreover, the jobs of workers with shoulder symptoms
were not adjusted, such as changing to lighter duties.

1,029 participants

*-‘Exclude: Non response (n=29) ]

1,000 participants |

Missing of age (n=44)
Missing of ergonomic risks (n=25)

| 931 participants

|

Without shoulder symptoms
(n=647)

Fig. 1 Flowchart of recruiting study population

]

With shoulder symptoms
(n=284)

—-l Randomization

Receiving the physical examination
(n=100)
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Assessment of work-related ergonomic risk factors

The assessment of work-related ergonomic risk factors
was based on the risk filter of ‘upper limb disorders in
the workplace’ issued by the Health and Safety Execu-
tive, UK [26], which is a technique for assessing expos-
ure to risk factors for work-related upper limb
musculoskeletal disorders. The main feature is a check-
list for upper limb disorder hazards in the workplace to
assess the four categories of ergonomic risk factors,
movement frequency, posture, load/force, vibration, and
consider the duration of exposure. This method is a sim-
pler observational method that has the benefits of being
low-priced and practical for use in the workplace and
appears to offer the levels of generality and exactness
matched to the needs of occupational safety and health
practitioners [27]. There were 3 items about repetition-
related risks, 6 items about posture-related risks, 6 items
about force-related risks, and one item assessing
vibration-related risks. Picture forms of different pos-
tures were used to facilitate participants’ understanding.
A detailed description and definition are presented in
Table 1. Furthermore, the definition of the duration of
exposure for repetition, posture, and force was greater
than 2h per shift, and the definition for vibration was
regular with some point during most shifts. The process

Table 1 Checklist of work-related ergonomic risk factors

Repetition
Repeating the same motions every few seconds
A sequence of movements repeated more than twice per minute

More than 50% of the cycle time involved in performing the same
sequence of motions

Postures
Large range of joint movement such as side to side or up and down
Awkward or extreme joint positions
Joints held in fixed positions
Stretching to reach items or controls
Twisting or rotating items or controls
Working overhead
Force
Pushing, pulling, moving things (including with the fingers or thumb)
Grasping / gripping

Pinch grips i.e. holding or grasping objects between thumb and
finger

Steadying or supporting items or work pieces

Shock and /or impact being transmitted to the body from tools or
equipment

Objects creating localized pressure on any part of the upper limb
Vibration

Use any powered hand-held or hand-guided tools or equipment /
hand-feed work pieces to vibrating equipment
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of the assessment of work-related ergonomic risk factors
contained three stages: (1) formal written instructions
for the assessment of ergonomic risk factors edited by
an occupational hygienist were posted in the workplace
1 month before assessment; (2) the occupational hygien-
ist presented a verbal briefing based on a written script
to the participants prior to the distribution of the assess-
ment list; and (3) the occupational hygienist assessed
any missing items of the assessment list, and these items
were revised after discussing with the participants. To
assess the combined effect of similar ergonomic risks,
the individual risks for the categories of repetition, pos-
ture, and force were used to stratify the participants into
three groups, including the high-risk (> 3 items), low-
risk (1-2 items), and no-risk (no item) groups, with the
exception of the category of vibration.

Assessment of associated variables

A structured self-administered questionnaire was distrib-
uted to collect the data, and the questions included the
following aspects: (1) personal factors, including basic
demographic information (i.e., age and sex), and body
mass index; (2) work-related factors, including seniority,
psychological stress, and work-related physical fatigue.
Regarding the assessment of psychological stress, be-
cause the industry is highly globally competitive and re-
quires a high level of information security, it would be
impossible to administer detailed psychological stress as-
sessments, such as job demand-control models and
effort-reward imbalance models. Therefore, a single-item
question was used as a surrogate and developed from
the need to indicate stress at work based on the previous
psychological stress measure [28, 29]. The definition of
stress was feeling irritable, anxious, or having sleep prob-
lems as a consequence of work-related issues. The par-
ticipants were asked to report the frequency of stress at
work, and the response options were a four-point cat-
egorical scale: (1) never; (2) some periods; (3) several pe-
riods; and (4) permanent stress. The assessment of
work-related physical fatigue was based on the method
of Skarpsno et al. [30]. Participants were asked, ‘Is your
work so physically demanding that you are often physic-
ally worn out after a day’s work?. The response options
were ‘never, or almost never’, ‘seldom’, ‘quite often’, and
‘yes, nearly always’ (Supplementary file 1).

Statistical analysis

We examined the baseline characteristics, including age,
sex, body height, body weight, body mass index, psycho-
logical stress, work-related physical fatigue, and ergo-
nomic risk factors, among the participants. The baseline
characteristics and ergonomic risk factors among
workers with subacromial impingement syndrome con-
firmed by physical examination were examined. The
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descriptive results of continuous variables are expressed
as the mean (standard deviation), and the categorical
variables are presented as numbers and percentages. The
continuous and categorical data were compared between
the participants with and without shoulder symptoms.
For categorical data, Chi-squared tests was used. The
Shapiro-Wilk test was applied to test the normal distri-
bution for continuous data, including body height, body
weight, body mass index, and experience at the job. The
Wilcoxon rank-sum test was applied for nonnormal dis-
tribution. Univariable logistic regression was used to
identify factors associated with shoulder symptoms. The
variables considered in the analysis included age, sex,
body mass index, psychological stress, work-related
physical fatigue, repetition, posture, force, and vibration.
Regarding ergonomic risk factors, the high- or low-risk
groups were compared with the no risk group. Multivar-
iable logistic regression analysis was performed to adjust
for variables exhibiting significant associations in the
univariable analysis, and all variables significant in uni-
variate analysis were included in the model. Multivari-
able regression analysis was performed again for the
population excluding participants with acute musculo-
skeletal disorders. For multivariable logistic regression
analysis, interactions between significant explanatory
variables were tested. To understand shoulder symptoms
with occupational cause, we applied the four items of
the questionnaire, including occupational causes, dur-
ation, frequency and severity of symptoms, to define the
occupational shoulder symptoms. The above analyses
were performed again. Moreover, the present study ap-
plied sex-stratified analyses rather than sex-adjusted ana-
lyses as recommended by Silverstein et al. [16] to better
understand the potential sex differences in the risk for
shoulder symptoms. A p-value of <0.05 was considered
to indicate a statistically significant difference. All ana-
lyses were performed using SAS software version 9.4
(SAS Institute, Cary, North Carolina).

Results

The basic characteristics of the study population are pre-
sented in Table 2. We recruited 931 participants, includ-
ing 284 workers (30.5%) with shoulder symptoms and
647 workers (69.5%) without shoulder symptoms. Al-
though the mean ages (standard deviation) were 38.3
(7.0) and 37.4 (7.4) years for people with and without
shoulder symptoms, respectively (p = 0.10), a higher pro-
portion of people with shoulder symptoms were over 40
years of age compared with those with no symptoms
(p =0.04). More workers were men in both groups, but
the proportion of women with shoulder symptoms was
significantly increased compared with those with no
symptoms (p =0.03). The difference in psychological
stress between the two groups was not significant (p =
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0.14), and the difference in work-related physical fatigue
was also not significant (p = 0.14). For workers with oc-
cupational shoulder symptoms, psychological stress and
work-related physical fatigue were significantly associ-
ated with their symptoms (p =0.03 and < 0.01, respect-
ively) (Supplementary Table 1). Regarding the results of
the physical examination of shoulders, a random sample
of 100 workers (35.2%) selected from a total of 284
workers with shoulder symptoms received the examin-
ation. Among them, 19.0% had subacromial impinge-
ment syndrome confirmed by physical examination. The
baseline characteristics and ergonomic risk factors
among workers with subacromial impingement syn-
drome were presented in Supplementary Tables 2 and 3.

Ergonomic risk factors for workers with and without
shoulder symptoms are presented in Table 3. Compared
with the no symptoms group, the group with shoulder
symptoms had significantly higher rates of repetition
risks, including working with repeating the same motion
every few seconds, performing a sequence over twice per
minute, and over half of the cycle time in the same se-
quence of motions (all p-values < 0.01). For the risks re-
lated to working postures, the group with shoulder
symptoms exhibited significantly higher rates of working
with awkward/extreme joint positions, joints held in
fixed positions, stretching to reach items, twisting/rotat-
ing items, and working overhead (all p-values <0.01).
For force-related risk, the group with shoulder symp-
toms had significantly higher rates of working with
pushing/pulling/moving things, grasping/gripping, pinch
grips, shock/impact being transmitted to the body, and
localizing pressure on the upper limb (p <0.03). There
was no significant difference in the proportions of
workers using vibrating equipment between the groups
with/without shoulder symptoms (p = 0.24). For workers
with occupational shoulder symptoms, all items of repe-
tition, all items of posture, and most items of force risks
were associated with their symptoms (Supplementary
Table 4). Furthermore, the combined effect of similar
ergonomic risks for the proportion of shoulder symp-
toms is shown in Fig. 2. For the three different risk
groups, the group with high combined repetition risks
had higher proportions of shoulder symptoms than the
group with low risks (P for trend <0.01), and similar
trends were found for the posture and force risks (two P
for trend < 0.01).

The univariable and multivariable-adjusted odds ratios
for the associations between the risk factors and shoul-
der symptoms are presented in Table 4. Older age (odds
ratio (OR)=1.36, 95% confidence interval (95% CI)=
1.02-1.82, using age < 40 as the reference) and female
sex (OR=1.39, 95% CI=1.03-1.88, using males as the
reference) were significantly associated with shoulder
symptoms. Permanent psychological stress was
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Table 2 Basic characteristics of study population and distribution of shoulder symptoms

Variables Shoulder symptoms No shoulder symptoms
n =284 n =647 p-value

Age (years) 0,04

<40 174 (61.3%) 442 (68.3%)

> 40 110 (38.7%) 205 (31.7%)
Sex 0.03

Female 96 (33.8%) 174 (26.9%)

Male 188 (66.29%) 473 (73.1%)
Body height (cm) 167.0 (8.8) 1674 (83) 0.39
Body weight (Kg) 6338 (148) 700 (136) 0.06
Body mass index (kg/m?) 245 @) 249 @) 013
Experience at the job (years) 52 (5.1) 53 (5.6) 0.69
Psychological stress® 0.14

Never 24 (8.5%) 72 (11.1%)

Some periods 120 (42.3%) 274 (42.4%)

Several periods 112 (39.4%) 262 (40.5%)

Permanent 28 (9.9%) 39 (6.0%)
Work-related physical fatigue® 0.06

Never or almost never 15 (5.3%) 52 (8.0%)

Seldom 101 (35.6%) 272 (42.0)

Quite often 143 (50.4%) 279 (43.1%)

Yes, nearly always 25 (8.8%) 44 (6.8%)

Data are presented as number (%), mean (SD). “The sum of percentage were not 100% due to round off to the first decimal place

significantly associated (OR =2.15, 95% CI=1.10-4.21,
using never stress as the reference). Among the ergo-
nomic risk factors, high repetition-related risk (OR =
2.45, 95% CI = 1.78-3.37, using no repetition risk as the
reference) was significantly associated with shoulder
symptoms. Low and high posture-related risks (OR =
2.01, 95% CI =1.43-2.82; OR = 2.34, 95% CI = 1.65-3.30,
using no posture risk as the reference) were significantly
associated with shoulder symptoms. Low and high force-
related risks (OR =2.05, 95% CI =1.43-2.95; OR = 1.76,
95% CI = 1.27-2.44, using no force risk as the reference)
were significantly associated with shoulder symptoms.
Regarding the multiple regression analysis, no model se-
lection was applied to the model. The findings showed
that older age (OR =1.37, 95% CI = 1.01-1.86, using age
< 40 as the reference) was significantly associated with
shoulder symptoms. High repetition-related risk (OR =
1.73, 95% CI = 1.15-2.60, using no repetition risk as the
reference) and low and high posture-related risks (OR =
1.61, 95% CI = 1.06-2.45; OR =1.85, 95% CI =1.10-3.11,
using no posture risk as the reference) were significantly
related to shoulder symptoms. For the population ex-
cluding participants with acute musculoskeletal disor-
ders, the findings showed that older age (OR =1.37, 95%
CI=1.01-1.85, using age < 40 as the reference) was

significantly associated with shoulder symptoms. High
repetition-related risk (OR=1.72, 95% CI=1.14-2.59
using no repetition risk as the reference) and low and
high posture-related risks (OR=1.62, 95% CI=1.06—
2.46; OR=1.88, 95% CI=1.12-3.18, using no posture
risk as the reference) were significantly related to shoul-
der symptoms. Moreover, the interaction between repe-
tition and posture in the model was tested, and its result
was not significant (p-value =0.33). No interaction was
noted between age and repetition or age and posture in
the model (p-value =0.18 and 0.52, respectively). In the
model, sex, body mass index, psychological stress, work-
related physical fatigue, force risk, and vibration were
not significantly associated with shoulder symptoms. For
workers with occupational shoulder symptoms, repeti-
tion and posture risks were associated with their symp-
toms in the regression model (Supplementary Table 5).
To identify possible sex-specific factors, the population
was stratified by sex, and the results are shown in Table
5. Univariable regression analysis showed that older age,
using age < 40 as the reference, was significantly associ-
ated with shoulder symptoms only in men and not in
women. High repetition, low and high posture, and low
and high force risks were significantly associated with
shoulder symptoms in men. High repetition and low and
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Table 3 Distribution of biomechanical risks for shoulder symptoms
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Variables

Shoulder No

symptoms  shoulder
symptoms
n=284 n =647 p-value

Repetition risk
Repeating the same motions every few seconds

A sequence of movements repeated more than twice per minute

135 (47.5%) 199 (30.8%) <0.01
146 (51.4%) 220 (34.0%) <0.01

More than 50% of the cycle time involved in performing the same sequence of motions 157 (553%) 249 (385%) <0.01

Posture risk

Large range of joint movement such as side to side or up and down 59 (208%) 107 (16.5%) 0.12
Awkward or extreme joint positions 53 (187%) 54 (83%) <001
Joints held in fixed positions 126 (444%) 169 (26.1%) <0.01
Stretching to reach items or controls 115 (40.5%) 201 (31.1%) <0.01
Twisting or rotating items or controls 113 (39.8%) 177 (274%) <0.01
Working overhead 59  (20.8%) 90 (13.9%) <0.01
Force risk
Pushing, pulling, moving things (including with the fingers or thumb) 140 (49.3%) 244 (37.7%) <0.01
Grasping/gripping 146 (51.4%) 240 (37.1%) <0.01
Pinch grips i.e. holding or grasping objects between thumb and finger 98  (345%) 177 (274%) 0.03
Steadying or supporting items or work pieces 78 (275%) 142 (21.9%) 0.07
Shock and/or impact being transmitted to the body from tools or equipment 35 (123%) 50 (7.7%) 003
Objects creating localized pressure on any part of the upper limb 50 (17.6%) 68 (10.5%) <0.01
Vibration risk
Use any powered hand-held or hand-guided tools or equipment/ hand-feed work pieces to vibrating 29  (102%) 51 (79%) 024

equipment

high posture risks were significantly associated with
shoulder symptoms in women. Body mass index and vi-
bration were not significantly associated with shoulder
symptoms in men and women. Psychological stress and
work-related physical fatigue were significantly associ-
ated in women. Regarding the multiple regression
analysis for men, the findings showed that high repe-
tition (OR=1.64, 95% CI=1.00-2.68) and high pos-
ture (OR=1.89, 95% CI=1.01-3.52) were significantly
associated with shoulder symptoms. Force was ap-
proximately significantly associated with shoulder
symptoms (p =0.05; OR=1.68, 95% CI=0.99-2.85).
In the model for women, the findings showed that
posture was approximately significantly associated
with shoulder symptoms (p=0.05; OR=2.12, 95%
CI=0.99-4.57). Furthermore, a lower value in the
higher category of force-related risks among the over-
all population (Table 4), force-related risks among
men workers (Table 5), and posture-related risks
among women (Table 5) may be an indication of a
healthy worker effect.

Discussions

The present study explored the work-related and per-
sonal factors among a special working population,
namely, TFT-LCD factory workers. The multiple regres-
sion model showed that older age, repetition, and pos-
ture were associated with shoulder symptoms; however,
psychological stress and work-related physical fatigue
were not associated with shoulder symptoms. The re-
sults were similar to the population excluding partici-
pants with acute musculoskeletal disorders. Workers
with more repetition, posture, or force risks reported a
higher proportion of shoulder symptoms (Fig. 2.), and
these findings support the combined effect of similar
ergonomic risks for shoulder disorders. This combined
effect approach was similar to the ‘Key Indicator Method
for Manual Handling Operations’ and combines the
main risk factors for force, repetition, posture, and
others into a single risk score [31]. Furthermore, we
identified sex differences in the effect of exposure to the
risk factors for shoulder symptoms. For men, older age,
repetition, posture, and force were associated with
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Fig. 2 Association between the proportions of shoulder symptoms and the number of ergonomic risks: (a) Repetition risk, (b) Posture risk, (c)
Force risk. Footnotes: The definition of high, low, and no were = 3 items, 1-2 items, and no item of repetition, posture, and force risks,
respectively; Pyeng: P for trend

P trend<0'01
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trend

40.0%

High
(n=230) (®)

Png<0.01

35.6%

High
(n=281) ©)

shoulder symptoms. For women, posture was associated
with shoulder symptoms. This finding implies that force
was more important for shoulder disorders in men.

Furthermore, permanent psychological stress was associ-
ated with shoulder symptoms in univariable regression,
but the finding in the regression model was not found
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Table 4 Univariate and multivariate logistic regression analysis of factors influencing shoulder symptoms

Shoulder symptoms

No shoulder symptoms

Univariate analysis Multivariate model®

n % n % OR  95%CI p-value OR  95%Cl p-value
Age (years) 0.04 137  1.01-1.86° 0.04
> 40° 1 _
=40 136 1.02-1.82°
Sex 0.03 1.03  0.74-143 0.85
Male® 1 -
Female 139 1.03-1.88°
Body mass index (kg/mz) 098 094-1.01 0.18
Psychological stress 0.15 0.30
Never® 1 - 1 -
Some periods 131 0.79-2.19 128 0.76-2.16
Several periods 128 077-2.14 121 0.72-2.06
Permanent 215 1.10-4.21° 191 095-3.84
Work-related physical fatigue 0.06
Never or almost never® 1 -
Seldom 129  069-2.39
Quite often 178 097-327
Yes, nearly always 197  093-4.19
Repetition risk <001 <001
No® 111 39.1 360 556 1 - 1 -
Low 53 18.7 128 19.8 134  091-1.97 097 063-1.51
High 120 423 159 246 245  178-337° 173 1.15-2.60°
Posture risk <001 0.04
No® 99 349 347 53.6 1 - 1 -
Low 93 328 162 250 201 143-282° 161 1.06-245°
High 92 324 138 21.3 234 165-330° 185  1.10-3.11°
Force risk <001 0.08
No® 110 38.7 351 543 1 - 1 -
Low 74 26.1 115 17.8 205 143-295¢ 138  091-2.12
High 100 352 181 280 176 127-244° 086 0.54-1.38
Vibration risk 0.24
No® 255 89.8 596 921 1 -
Yes 29 102 51 79 133 082-2.15

OR odds ratio; CI confidence interval; p < 0.05, °p < 0.01, °p < 0.0001; “Multivariable

model selection; “Reference group

after considering other factors, such as ergonomic risks.
To the best of our knowledge, this is the first study to
investigate shoulder symptoms and physical examination
of subacromial impingement syndrome accompanied by
potential personal factors, ergonomic risks, and psycho-
logical stress among workers in an electronics factory.
The ergonomic risks or musculoskeletal disorders
among workers in the TFT-LCD industry are rarely ad-
dressed. Only two studies indicated that high ergonomic
risks for the shoulder area were associated with poor
arm support and the discrepancy between the

model included: independence of risk factors in the univariate analysis and no

workstation and the workers’ anthropometry [9, 32]. No
comprehensive analysis has considered different ergo-
nomic risks (e.g., repetition, posture, force, and vibra-
tion) as well as personal factors and psychological stress
for shoulder disorders. Nevertheless, studies in the semi-
conductor industry, which shares similar work proce-
dures with those of the TFT-LCD industry, have
indicated that shoulder symptoms are among the most
prevalent musculoskeletal disorders [33-35]. In one of
the earliest studies in 1986, Kilbom et al. indicated that
flexion and abduction of the upper arm were associated
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with shoulder symptoms [33]. Chandrasakaran et al.
showed that prolonged sitting and trunk bending were
associated with shoulder symptoms [36]. Chee et al. in-
dicated that prolonged sitting in awkward postures with
the characteristics of a forward bent neck and tables that
are too high may result in shoulder pain [7]. Further-
more, due to the high accuracy requirements for tasks,
such as inspection or manual assembly, workers tend to
bend their necks forward to give optimal visual condi-
tions and could cause shoulder symptoms [37]. Aghiline-
jad et al. found that the use of magnification loupes may
improve the visibility of electronic parts as well as im-
prove the postures of assembly workers and may reduce
musculoskeletal discomfort [35]. The aforementioned
findings were similar to those of the present study,
which demonstrated that posture was an independent
ergonomic risk for shoulder symptoms in the two re-
gression models, indicating that awkward or extreme
joint positions, joints held in fixed positions, stretching
to reach items or controls, and working overhead were
significant risk factors. The possible reasons accounting
for the association between posture and shoulder symp-
toms are that arm elevation or prolonged sitting with
awkward posture (e.g., bent neck) may place additional
load on the musculoskeletal system of the shoulder. One
of the main pathophysiological mechanisms of shoulder
disorder (e.g., subacromial impingement syndrome) is
compression of the tendons between the humeral head
and the coracoacromial arch and ischaemia by impinge-
ment or increased intramuscular pressure as a result of
arm elevation [17].

Regarding the association between vibration and
shoulder symptoms, the meta-analysis indicated low to
very low evidence for an association between shoulder
disorders and hand-arm vibration (OR=1.3) [38]. In
positive association studies, the study populations were
special working populations, such as forestry workers,
rock drill workers, construction workers, and railroad
engineers [39-42], and the hospital served as the recruit-
ment location [43]. Hagberg et al. indicated that the ex-
posure factors associated with rotator cuff tendinitis in
different occupational groups were not the same [44]. In
the present study, an association was not found in the
regression model, which was similar to earlier studies for
electronics workers [8, 36]. It is possible that the differ-
ence in study populations or locations recruited may ex-
plain these inconsistent findings. A high prevalence of
shoulder pain was found in the electronics industry,
which could be related to repetitive lifting tasks, repeti-
tive operating machines, and monotonous short cycles
of tasks [7]. Chee et al. found that repetitive tasks could
increase the risk of shoulder pain [45]. A longitudinal
study in France indicated that repetitive work under
time constraints contributed to the development of
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chronic neck and shoulder disorders after adjustment
for age [22]. Furthermore, Jonsson et al. showed that re-
organizing monotonous and repetitive work into a more
diverse pattern may improve work-related upper limb
musculoskeletal disorders after a 2-year follow-up study
[34]. These findings among electronics workers are con-
sistent with the present study, indicating that work that
involves repeating the same motion every few seconds, a
sequence of movements over twice per minute, and over
half of the cycle time in the same sequence of motion
were significant risk factors.

Regarding the association between force and shoulder
symptoms, one systematic review revealed that shoulder
load (OR =2.0) and hand force exertion (OR = 1.5) were
associated with shoulder disorders [38]. Another system-
atic review indicated that the occurrence of subacromial
impingement syndrome was associated with high max-
imal voluntary contraction, lifting, and high hand force
(OR =2.8-4.2) [46]. Repetitive tasks using mechanical
force that put stress on small areas increased the preva-
lence of neck or shoulder pain in the department of
manual assembly in 18 electronics factories [8]. One
possible mechanism accounting for the association be-
tween force and shoulder symptoms is that the direction
of the force performed increases muscular activity levels,
especially in overhead work [47]. Similar to the above
studies, an association between force and shoulder
symptoms was found (crude OR =1.76-2.05) in the uni-
variate analysis (Table 4), but an association was not
found after the multiple regression. One possible reason
accounting for the lack of association is that the produc-
tion process is typically automated and the process
changes to light objects in the electronics industry.

Regarding sex differences, the association between
shoulder symptoms and the frequency of forceful exer-
tions was higher for women than men in a sex-stratified
analysis [48]. Women are considered to be at a higher
risk of shoulder disorders (e.g., rotator cuff syndrome)
than men, possibly reflecting both biological predispos-
ition and exposure to work-related repetitive biomech-
anical constraints [16, 17]. The biological distinctions
between men and women, including anatomy, strength,
hormones, neuromuscular control, and musculoskeletal
flexibility [49], suggest a different vulnerability to these
work-related risk factors for shoulder disorder. An asso-
ciation between force and shoulder symptoms was not
found for women in the two regression models (Table 5).
The sex difference may result from differences in the
type of task assigned, which means different exposures
to the constraints at work [16, 17]. Women and men in
the same industry may have different tasks, interactions
between equipment and tool dimensions, and work ac-
tivities [16]. In the present study, a majority of men
workers (30.5%) were assigned to tasks that involved the
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handling of heavy objects, whereas fewer women
workers (10.4%) were assigned to tasks that involved the
handling of heavy objects. Therefore, it is possible that
men workers had a higher opportunity of exposure to
force risk than women. Furthermore, the results of the
present study from the regression model found that
repetition, posture and force (approximately significant)
were risk factors for shoulder symptoms in men,
whereas posture (approximately significant) was a risk
factor in women (Table 5). Further investigation is
needed to elucidate whether specific task assignments
are associated with shoulder symptoms. Regarding pos-
ture and shoulder symptoms in women, earlier studies
among women workers in electronics factories revealed
that shoulder symptoms were the most common muscu-
loskeletal disorders [33, 34]. Kilbom et al. indicated that
flexion and abduction of the upper arm were associated
with shoulder symptoms [33]. Miranda et al. found that
the risk of chronic shoulder disorders was associated
with working in awkward postures in women (adjusted
OR =2.3) [18]. The present findings in the regression
model are consistent with earlier studies showing that
posture (crude OR=242-2.52; adjusted OR=2.12,
which was approximately significant) was associated with
shoulder symptoms in women (Table 5).

The present study indicated that permanent psycho-
logical stress was a significant risk factor for shoulder
symptoms in women based on univariable regression
(Table 5). This finding is consistent with an earlier study
that found that women may have jobs with higher psy-
chosocial stress (e.g., high demands, low control), nega-
tively impacting musculoskeletal health [16]. Although
the biological pathway for shoulder disorders is bio-
mechanical, psychological factors (e.g., work stress) may
function as intermediating factors affecting these ergo-
nomic risk factors [38]. Two possible reasons accounting
for the association between psychological stress and
shoulder symptoms for women are that the hardness of
shoulder muscle for women is larger than that of men
and that women are more sensitive to symptoms of their
shoulder [50]. Furthermore, women reported higher
levels of work overload, stress, and conflict compared
with men due to the combined stress from the work-
place and family (e.g., taking care of children) [51].
Women may accumulate risk factors related to work ac-
tivities and activities of daily living; thus, high job de-
mand contributes to the development of chronic neck
and shoulder pain independently of age [22]. The associ-
ation between psychological stress and shoulder symp-
toms in women was not significant after the multiple
regression, and only posture were associated. The
present findings are inconsistent with earlier studies. It
is possible that the use of different methods to assess
psychological stress could explain the different findings
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given that the single-item question on the frequency of
stress at work was applied in the present study. Further
investigation is needed to explore the issue using the dif-
ferent psychosocial stress models (e.g., job demand-
control model, effort—reward imbalance model) for
high-risk groups in the industry instead of the single-
item question.

Age is a predictor for shoulder symptoms in earlier
studies [18, 19]. The reason may be related to the patho-
physiological mechanisms of increasing degeneration of
the shoulder tendons and the development of osteoar-
throsis in shoulder joints [17, 48]. Although ageing may
play a role in shoulder symptoms in the working popula-
tion, contradictory findings have been indicated among
some working populations exposed to high biomechan-
ical risks [17]. For example, Silverstein et al. indicated
that age was marginally significant for shoulder disorders
[52]. The present study found that age is a risk factor for
shoulder symptoms only for men in the regression
model possibly because the modification of the age effect
was different for different sexes [17]. This present find-
ing of examining subacromial impingement syndrome
was similar to that of earlier studies that showed that
subacromial impingement syndrome was a common
cause of musculoskeletal pain in the general working
population [12, 17, 52], and a correlation between shoul-
der symptoms and clinical signs of rotator cuff tendinitis
by physical examination was identified [53].

Several limitations should be noted. First, this was a
study in a single facility, and the generalizability of this
study requires further assessment. Second, the cross-
sectional design restricts the inference of causal relation-
ships and can only determine the association between
relevant risk factors and shoulder symptoms. Third, the
multivariable logistic regression model did not consider
other potential confounding variables for shoulder symp-
toms, such as lack of sufficient rest, work organization
factors, physical activity in spare time, muscular endur-
ance in the arms, and job satisfaction [19, 34, 54].
Fourth, the risk assessment tool used was mainly by self-
administered questionnaire, and not by experts. The
ergonomic risk factors analysed for repetition, posture,
and force were only analysed for more than 2 h per shift;
thus, one risk factor or combined risk factors with less
this duration were not included. Moreover, the pro-
longed periods of exposure and working longer hours
each day were not assessed. Thus, the results of the
present study may be underestimated. Fifth, physical
examination for subacromial impingement syndrome
was only performed among workers with shoulder symp-
toms. The positive rate of subacromial impingement
syndrome remains uncertain in workers without shoul-
der symptoms, and in the viewpoint of early prevention,
further examination for non-shoulder symptom workers
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may explore subclinical shoulder cases. On the other
hand, given that not all participants did receive a phys-
ical examination and shoulder symptoms served as out-
comes, misclassification of health status may have
occurred. Further investigation is needed to assess work-
related shoulder disorders, such as integrating compre-
hensive exposure assessments into the intensity, dur-
ation, and frequency of ergonomic risk factors. This
work may aid our understanding of the pathophysio-
logical mechanisms of shoulder disorders as well as attri-
butional fractions of relevant risk factors. Studies to
improve the knowledge of sex and the physical and psy-
chosocial aspects of job interactions could enhance
workplace job design and policy on the prevention of
work-related shoulder disorders.

Conclusions

In the electronics industry, repetition and posture are
important risk factors for shoulder disorders. The risk
showed a sex difference, and force was more important
for shoulder disorders in men than in women. Vibration
is less important for shoulder disorders in the industry.
A significant combined effect of similar ergonomic risks
for shoulder disorders was noted. Therefore, future ergo-
nomic risk assessments for shoulder disorders may in-
clude at least the following aspects: (1) personal factors;
(2) repetition; (3) posture; and (4) psychological stress in
the electronics industry. This information may be a use-
ful reference in the working environment to help multi-
factorial intervention strategies reduce the risk of
shoulder disorders. The development of a programme
for the early detection and prevention of shoulder symp-
toms in this working environment is warranted. The sex
difference may be taken into consideration for prevent-
ive strategies and relevant occupational health policies
for shoulder disorders. Future large-scale studies with
longitudinal follow-up are warranted to further elucidate
the impacts of personal factors, ergonomic risks, and
psychological stress on the shoulder disorders of workers
in the electronics industry.

Abbreviations
TFT-LCD: Thin film transistor liquid crystal display; OR: Odds ratios;
aOR: Adjusted odds ratio; 95% Cl: 95% Confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-021-11572-4.

Additional file 1: Questionnaire about shoulder symptom. This is the
questionnaire about shoulder symptom developed in this study,
including basic information, information on shoulder symptom, and
work-related information. Supplementary Table 1: Basic characteristics
of study population with and without subacromial impingement syn-
drome. Supplementary Table 2: Distribution of biomechanical risks for
study population with and without subacromial impingement syndrome.

Page 13 of 15

Supplementary Table 3: Basic characteristics of study population and
distribution of occupational shoulder symptoms. Supplementary
Table 4: Distribution of biomechanical risks for occupational shoulder
symptoms. Supplementary Table 5: Univariate and multivariate logistic
regression analysis of factors influencing occupational shoulder
symptoms.

Acknowledgments

We are appreciative of the participation and compliance of all study
participants. We express our sincerely gratitude to all staff members of this
study who collaborated with us during the study especially Dr. Tun-Jen
Hsiao. English Editing was provided by the Department of Medical Research
at National Taiwan University Hospital.

Authors’ contributions

PC conducted the data analysis and was mainly responsible for writing the
article. PC, YG and TW contributed to the conception and design of the
study. PC, YG and TW contributed to the interpretations of the data. YG and
TW contributed to critically revising the article. All authors read and
approved the final manuscript.

Funding

This study was funded by the research grants from National Taiwan
University Hospital (grant number: NTUH.100-N1704, NTUH. 108-S4433). The
funding body had no role in the design and conduct of the study, data col-
lection, analysis, and interpretation of the data, and in writing the
manuscript.

Availability of data and materials

The dataset generated and/or analysed during the current study are
available in the [Open Science Framework] repository, [https://osfio/dm7xc/
view_only=bf198c5440b94cdfa8590483285790771.

Declarations

Ethics approval and consent to participate

The study was performed in accordance with the Declaration of Helsinki.
Ethic approval was obtained by the ethics committee of the National Taiwan
University Hospital (reference number: 201005047R). Before taking part in the
study, participants were informed about the contents of the study and about
data protection. Written informed consent was obtained from all individual
participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details

'Department of Environmental and Occupational Medicine, National Taiwan
University College of Medicine, #1, Ren-Ai Rd. Sec. 1, Taipei 10051, Taiwan.
’Department of Environmental and Occupational Medicine, National Taiwan
University Hospital, #7, Chung-Shan South Road, Taipei 10002, Taiwan.
3Department of Physical Medicine and Rehabilitation, National Taiwan
University College of Medicine, #1, Ren-Ai Rd. Sec. 1, Taipei 10051, Taiwan.
4Depar‘[mem of Physical Medicine and Rehabilitation, National Taiwan
University Hospital, #7, Chung-Shan South Road, Taipei 10002, Taiwan.

Received: 10 September 2020 Accepted: 29 July 2021
Published online: 09 August 2021

References

1. International Labor Organization. Ups and Downs in the Electronics
Industry: Fluctuating Production and the Use of Temporary and Other
Forms of Employment. 2014. http://www.ilo.org/wcmsp5/groups/public/%2
D%2D-ed_dialogue/%2D%2D-sector/documents/meetingdocument/
wcms_317267 pdf. Accessed 01 Sept 2020.


https://doi.org/10.1186/s12889-021-11572-4
https://doi.org/10.1186/s12889-021-11572-4
https://osf.io/dm7xc/?view_only=bf198c5440b94cdfa859048328579077
https://osf.io/dm7xc/?view_only=bf198c5440b94cdfa859048328579077
http://www.ilo.org/wcmsp5/groups/public/%2D%2D-ed_dialogue/%2D%2D-sector/documents/meetingdocument/wcms_317267.pdf
http://www.ilo.org/wcmsp5/groups/public/%2D%2D-ed_dialogue/%2D%2D-sector/documents/meetingdocument/wcms_317267.pdf
http://www.ilo.org/wcmsp5/groups/public/%2D%2D-ed_dialogue/%2D%2D-sector/documents/meetingdocument/wcms_317267.pdf

Chu et al. BMC Public Health

20.

(2021) 21:1525

Directorate-General of Budget. Number of employees in the electronics
industry. 2016. https://www.stat.gov.tw/np.asp?ctNode=522. Accessed 01
Sept 2020.

Kim MH, Kim H, Paek D. The health impacts of semiconductor production:
an epidemiologic review. Int J Occup Environ Health. 2014;20(2):95-114.
https://doi.org/10.1179/2049396713Y.0000000050.

Smith V, English JSC. The electronics industry. In: Rustemeyer T, Elsner P,
John S-M, Maibach Hl, editors. Kanerva's occupational dermatology.
Heidelberg, Germany: Springer; 2012. p. 661-74. https://doi.org/10.1007/
978-3-642-02035-3_60.

Yu W, Lao XQ, Pang S, Zhou J, Zhou A, Zou J, et al. A survey of
occupational health hazards among 7,610 female workers in China's
electronics industry. Arch Environ Occup Health. 2013;68(4):190-5. https//
doi.org/10.1080/19338244.2012.701244.

Huang WL, Guo YL, Chen PC, Wang J, Chu PC. Association between
emotional symptoms and job demands in an Asian electronics factory. Int J
Environ Res Public Health. 2017;14(9):1085. https://doi.org/10.3390/ijerph 14
091085.

Chee HL, Rampal KG, Chandrasakaran A. Ergonomic risk factors of work
processes in the semiconductor industry in peninsular Malaysia. Ind Health.
2004;42(3):373-81. https;//doi.org/10.2486/indhealth.42.373.

Pocekay D, McCurdy SA, Samuels SJ, Hammond SK, Schenker MB. A cross-
sectional study of musculoskeletal symptoms and risk factors in
semiconductor workers. Am J Ind Med. 1995;28(6):861-71. https://doi.org/1
0.1002/2jim.4700280617.

Lu CW, Yao CC, Kuo CW. The ergonomics approach for thin film transistor-
liquid crystal display manufacturing process. Work. 2012;41(Suppl 1):5627-
30. https://doi.org/10.3233/WOR-2012-0899-5627.

Pullopdissakul S, Ekpanyaskul C, Taptagaporn S, Bundhukul A, Thepchatri A.
Upper extremities musculoskeletal disorders: prevalence and associated
ergonomic factors in an electronic assembly factory. Int J Occup Med
Environ Health. 2013;26(5):751-61. https://doi.org/10.2478/513382-013-0150-

Widanarko B, Legg S, Devereux J, Stevenson M. The combined effect of
physical, psychosocial/organisational and/or environmental risk factors on
the presence of work-related musculoskeletal symptoms and its
consequences. Appl Ergon. 2014;45(6):1610-21. https://doi.org/10.1016/j.a
pergo.2014.05.018.

Lapointe J, Dionne CE, Brisson C, Montreuil S. Interaction between postural
risk factors and job strain on self-reported musculoskeletal symptoms
among users of video display units: a three-year prospective study. Scand J
Work Environ Health. 2009;35(2):134-44. https://doi.org/10.5271/sjweh.1312.
Frost P, Bonde JP, Mikkelsen S, Andersen JH, Fallentin N, Kaergaard A, et al.
Risk of shoulder tendinitis in relation to shoulder loads in monotonous
repetitive work. Am J Ind Med. 2002;41(1):11-8. https://doi.org/10.1002/a
jim.10019.

Sun YQ, Mao LF, Feng JL, Xu BQ, Luo C, Ni CH. Investigation on
occupational stress of workers in clean workshops of electric company.
Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 2013;31(7):504-7.

Yeh WY, Cheng Y, Chen CJ. Social patterns of pay systems and their
associations with psychosocial job characteristics and burnout among paid
employees in Taiwan. Soc Sci Med. 2009,68(8):1407-15. https.//doi.org/10.1
016/j.socscimed.2009.01.031.

Silverstein B, Fan ZJ, Smith CK, Bao S, Howard N, Spielholz P, et al. Gender
adjustment or stratification in discerning upper extremity musculoskeletal
disorder risk? Scand J Work Environ Health. 2009;35(2):113-26. https://doi.
0rg/10.5271/sjweh.1309.

Roquelaure Y, Bodin J, Ha C, Petit Le Manac'h A, Descatha A, Chastang JF,
et al. personal, biomechanical, and psychosocial risk factors for rotator cuff
syndrome in a working population. Scand J Work Environ Health. 2011;
37(6):502-11. https://doi.org/10.5271/sjweh.3179.

Miranda H, Punnett L, Viikari-Juntura E, Heliovaara M, Knekt P. Physical work
and chronic shoulder disorder. Results of a prospective population-based
study. Ann Rheum Dis. 2008,67(2):218-23. https.//doi.org/10.1136/ard.2007.
069419.

Sommerich CM, McGlothlin JD, Marras WS. Occupational risk factors
associated with soft tissue disorders of the shoulder: a review of recent
investigations in the literature. Ergonomics. 1993;36(6):697-717. https.//doi.
0rg/10.1080/00140139308967931.

Bernard BP, Putz-Anderson V. Musculoskeletal disorders and workplace
factors. A critical review of epidemiological evidence for work related

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 14 of 15

musculoskeletal disorders of the neck, upper extremity and lower back.
National Institute for Occupational Safety and Health DHHS, Publication No.
97-141,1997.

Buckle P, Devereux J. Work related neck and upper limb musculoskeletal
disorders. European Agency for Safety and Health at Work. Luxembourg
1999, ISBN 92 828 8174 1.

Cassou B, Derriennic F, Monfort C, Norton J, Touranchet A. Chronic neck
and shoulder pain, age, and working conditions: longitudinal results from a
large random sample in France. Occup Environ Med. 2002;59(8):537-44.
https://doi.org/10.1136/0em.59.8.537.

Ostergren PO, Hanson BS, Balogh |, Ektor-Andersen J, Isacsson A, Orbaek P,
et al. Incidence of shoulder and neck pain in a working population: effect
modification between mechanical and psychosocial exposures at work?
Results from a one year follow up of the Malmo shoulder and neck study
cohort. J Epidemiol Community Health. 2005;59(9):721-8. https://doi.org/1
0.1136/jech.2005.034801.

Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sorensen F,
Andersson G, et al. Standardised Nordic questionnaires for the analysis of
musculoskeletal symptoms. Appl Ergon. 1987;18(3):233-7. https://doi.org/1
0.1016/0003-6870(87)90010-X.

Sluiter JK, Rest KM, Frings-Dresen MH. Criteria document for evaluating the
work-relatedness of upper-extremity musculoskeletal disorders. Scand J
Work Environ Health. 2001;27(Suppl 1):1-102. https://doi.org/10.5271/sjweh.
637.

Health Safety Executive. Upper limb disorders in the workplace. Norwich:
HSE Books; 2002.

David GC. Ergonomic methods for assessing exposure to risk factors for
work-related musculoskeletal disorders. Occup Med (Lond).
2005;55:190-9.

Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid M, Aimahmeed WA,

et al. Association of psychosocial risk factors with risk of acute myocardial
infarction in 11119 cases and 13648 controls from 52 countries (the
INTERHEART study): case-control study. Lancet. 2004;364(9438):953-62.
https://doi.org/10.1016/50140-6736(04)17019-0.

Gomez MA, Merz NB, Eastwood JA, Pepine CJ, Handberg EM, Bittner V, et al.
Psychological stress, cardiac symptoms, and cardiovascular risk in women
with suspected ischaemia but no obstructive coronary disease. Stress
Health. 2020;36(3):264-73. https://doi.org/10.1002/5mi.2928.

Skarpsno ES, Nilsen TIL, Sand T, Hagen K, Mork PJ. Physical work exposure,
chronic musculoskeletal pain and risk of insomnia: longitudinal data from
the HUNT study, Norway. Occup Environ Med. 2018;75(6):421-6. https://doi.
0rg/10.1136/0emed-2018-105050.

Klussmann A, Steinberg U, Liebers F, Gebhardt H, Rieger MA. The key
Indicator method for manual handling operations (KIM-MHO) - evaluation
of a new method for the assessment of working conditions within a cross-
sectional study. BMC Musculoskelet Disord. 2010;11(1):272. https://doi.org/1
0.1186/1471-2474-11-272.

Kuo CW, Lu CW. Ergonomics hazards analysis and improvement design
of module assembly process in TFT-LCD factories. J Ergon Study. 2008;
10:21-9.

Kilboom A, Persson J, Jonsson BG. Disorders of the cervicobrachial region
among female workers in the electronics industry. Int J Ind Ergon. 1986;1(1):
37-47. https.//doi.org/10.1016/0169-8141(86)90006-5.

Jonsson BG, Persson J, Kilbom A. Disorders of the cervicobrachial region
among female workers in the electronics industry: a two-year follow up. Int
JInd Ergon. 1988;3(1):1-12. https.//doi.org/10.1016/0169-8141(88)90002-9.
Aghilinejad M, Azar NS, Ghasemi MS, Dehghan N, Mokamelkhah EK. An
ergonomic intervention to reduce musculoskeletal discomfort among
semiconductor assembly workers. Work. 2016;54(2):445-50. https://doi.org/1
0.3233/WOR-162325.

Chandrasakaran A, Chee HL, Rampal KG, Tan GL. The prevalence of
musculoskeletal problems and risk factors among women assembly workers
in the semiconductor industry. Med J Malaysia. 2003;58(5):657-66.

Mork R, Falkenberg HK, Fostervold KI, Thorud HMS. Visual and psychological
stress during computer work in healthy, young females-physiological
responses. Int Arch Occup Environ Health. 2018,91(7):811-30. https://doi.
0rg/10.1007/500420-018-1324-5.

van der Molen HF, Foresti C, Daams JG, Frings-Dresen MHW, Kuijer P. Work-
related risk factors for specific shoulder disorders: a systematic review and
meta-analysis. Occup Environ Med. 2017,74(10):745-55. https://doi.org/1
0.1136/0emed-2017-104339.


https://www.stat.gov.tw/np.asp?ctNode=522
https://doi.org/10.1179/2049396713Y.0000000050
https://doi.org/10.1007/978-3-642-02035-3_60
https://doi.org/10.1007/978-3-642-02035-3_60
https://doi.org/10.1080/19338244.2012.701244
https://doi.org/10.1080/19338244.2012.701244
https://doi.org/10.3390/ijerph14091085
https://doi.org/10.3390/ijerph14091085
https://doi.org/10.2486/indhealth.42.373
https://doi.org/10.1002/ajim.4700280617
https://doi.org/10.1002/ajim.4700280617
https://doi.org/10.3233/WOR-2012-0899-5627
https://doi.org/10.2478/s13382-013-0150-y
https://doi.org/10.2478/s13382-013-0150-y
https://doi.org/10.1016/j.apergo.2014.05.018
https://doi.org/10.1016/j.apergo.2014.05.018
https://doi.org/10.5271/sjweh.1312
https://doi.org/10.1002/ajim.10019
https://doi.org/10.1002/ajim.10019
https://doi.org/10.1016/j.socscimed.2009.01.031
https://doi.org/10.1016/j.socscimed.2009.01.031
https://doi.org/10.5271/sjweh.1309
https://doi.org/10.5271/sjweh.1309
https://doi.org/10.5271/sjweh.3179
https://doi.org/10.1136/ard.2007.069419
https://doi.org/10.1136/ard.2007.069419
https://doi.org/10.1080/00140139308967931
https://doi.org/10.1080/00140139308967931
https://doi.org/10.1136/oem.59.8.537
https://doi.org/10.1136/jech.2005.034801
https://doi.org/10.1136/jech.2005.034801
https://doi.org/10.1016/0003-6870(87)90010-X
https://doi.org/10.1016/0003-6870(87)90010-X
https://doi.org/10.5271/sjweh.637
https://doi.org/10.5271/sjweh.637
https://doi.org/10.1016/S0140-6736(04)17019-0
https://doi.org/10.1002/smi.2928
https://doi.org/10.1136/oemed-2018-105050
https://doi.org/10.1136/oemed-2018-105050
https://doi.org/10.1186/1471-2474-11-272
https://doi.org/10.1186/1471-2474-11-272
https://doi.org/10.1016/0169-8141(86)90006-5
https://doi.org/10.1016/0169-8141(88)90002-9
https://doi.org/10.3233/WOR-162325
https://doi.org/10.3233/WOR-162325
https://doi.org/10.1007/s00420-018-1324-5
https://doi.org/10.1007/s00420-018-1324-5
https://doi.org/10.1136/oemed-2017-104339
https://doi.org/10.1136/oemed-2017-104339

Chu et al. BMC Public Health

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

(2021) 21:1525

Sutinen P, Toppila E, Starck J, Brammer A, Zou J, Pyykko |. Hand-arm
vibration syndrome with use of anti-vibration chain saws: 19-year follow-up
study of forestry workers. Int Arch Occup Environ Health. 2006;79(8):665-71.
https://doi.org/10.1007/500420-006-0099-2.

Issever H, Aksoy C, Sabuncu H, Karan A. Vibration and its effects on the
body. Med Princ Pract. 2003;12(1):34-8. https://doi.org/10.1159/000068155.
Johanning E, Landsbergis P, Fischer S, Luhrman R. Back disorder and
ergonomic survey among north American railroad engineers. Transportation
Res Record J Transportation Res Board. 1899;2004:145-55.

van der Windt DA, Thomas E, Pope DP, de Winter AF, Macfarlane GJ, Bouter
LM, et al. Occupational risk factors for shoulder pain: a systematic review.
Occup Environ Med. 2000;57(7):433-42. https;//doi.org/10.1136/0em.57.
7433.

Seidler A, Bolm-Audorff U, Petereit-Haack G, Ball E, Klupp M, Krauss N, et al.
Work-related lesions of the supraspinatus tendon: a case-control study. Int
Arch Occup Environ Health. 2011;84(4):425-33. https.//doi.org/10.1007/50042
0-010-0567-6.

Hagberg M, Wegman DH. Prevalence rates and odds ratios of shoulder-neck
diseases in different occupational groups. Br J Ind Med. 1987,44(9):602-10.
https://doi.org/10.1136/0em.44.9.602.

Chee HL, Rampal KG. Work-related musculoskeletal problems among
women workers in the semiconductor industry in peninsular Malaysia. Int J
Occup Environ Health. 2004;10(1):63-71. https;//doi.org/10.1179/0eh.2004.1
0.1.63.

van Rijn RM, Huisstede BM, Koes BW, Burdorf A. Associations between work-
related factors and specific disorders of the shoulder--a systematic review of
the literature. Scand J Work Environ Health. 2010;36(3):189-201. https://doi.
0rg/10.5271/sjweh.2895.

Cudlip AC, Meszaros KA, Dickerson CR. The influence of hand location and
force direction on shoulder muscular activity in females during nonsagittal
multidirectional overhead exertions. Hum Factors. 2016;58(1):120-39. https://
doi.org/10.1177/0018720815623523.

Miranda H, Viikari-Juntura E, Martikainen R, Takala EP, Riihimaki H. A
prospective study of work related factors and physical exercise as predictors
of shoulder pain. Occup Environ Med. 2001;58(8):528-34. https://doi.org/1
0.1136/0em.58.8.528.

Razmijou H, Lincoln S, Macritchie |, Richards RR, Medeiros D, Elmaraghy A.
Sex and gender disparity in pathology, disability, referral pattern, and wait
time for surgery in workers with shoulder injury. BMC Musculoskelet Disord.
2016;17(1):401. https://doi.org/10.1186/512891-016-1257-7.

Kimura T, Tsuda Y, Uchida S, Eboshida A. Association of perceived stress and
stiff neck/shoulder with health status: multiple regression models by
gender. Hiroshima J Med Sci. 2006;55(4):101-7.

Lundberg U, Mardberg B, Frankenhaeuser M. The total workload of male
and female white collar workers as related to age, occupational level, and
number of children. Scand J Psychol. 1994;35(4):315-27. https;//doi.org/1
0.1111/j.1467-9450.1994.tb00956 X.

Silverstein BA, Bao SS, Fan ZJ, Howard N, Smith C, Spielholz P, et al. Rotator
cuff syndrome: personal, work-related psychosocial and physical load
factors. J Occup Environ Med. 2008;50(9):1062-76. https.//doi.org/10.1097/
JOM.0b013e31817e7bdd.

Kaergaard A, Andersen JH, Rasmussen K, Mikkelsen S. Identification of neck-
shoulder disorders in a 1 year follow-up study. Validation of a
questionnaire-based method. Pain. 2000;86(3):305-10. https://doi.org/10.101
6/50304-3959(00)00261-X.

Barnekow-Bergkvist M, Hedberg GE, Janlert U, Jansson E. Determinants of
self-reported neck-shoulder and low back symptoms in a general
population. Spine (Phila Pa 1976). 1998;23:235-43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1007/s00420-006-0099-2
https://doi.org/10.1159/000068155
https://doi.org/10.1136/oem.57.7.433
https://doi.org/10.1136/oem.57.7.433
https://doi.org/10.1007/s00420-010-0567-6
https://doi.org/10.1007/s00420-010-0567-6
https://doi.org/10.1136/oem.44.9.602
https://doi.org/10.1179/oeh.2004.10.1.63
https://doi.org/10.1179/oeh.2004.10.1.63
https://doi.org/10.5271/sjweh.2895
https://doi.org/10.5271/sjweh.2895
https://doi.org/10.1177/0018720815623523
https://doi.org/10.1177/0018720815623523
https://doi.org/10.1136/oem.58.8.528
https://doi.org/10.1136/oem.58.8.528
https://doi.org/10.1186/s12891-016-1257-7
https://doi.org/10.1111/j.1467-9450.1994.tb00956.x
https://doi.org/10.1111/j.1467-9450.1994.tb00956.x
https://doi.org/10.1097/JOM.0b013e31817e7bdd
https://doi.org/10.1097/JOM.0b013e31817e7bdd
https://doi.org/10.1016/S0304-3959(00)00261-X
https://doi.org/10.1016/S0304-3959(00)00261-X

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Outcome measures
	Assessment of work-related ergonomic risk factors
	Assessment of associated variables
	Statistical analysis

	Results
	Discussions
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

