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Abstract

Objectives: To describe the prevalence of self-reported musculoskeletal disorders among workers in the electronics
manufacturing industry and to investigate the relations between work-related musculoskeletal disorders (WMSDs)
and work-related variables.

Methods: An interview-based questionnaire survey was carried out in thirty electronics manufacturing factories in China
in 2018.The prevalence of WMSDs was estimated using the modified Nordic Musculoskeletal Questionnaire (NMQ). A
multivariate logistic regression model was applied to evaluate the effects of risk factors on WMSDs on multiple body parts.

Results: The 12-month prevalence of WMSDs among participants was 40.6%, and the common body sites affected
were the neck (26.8%), shoulder (22.8%), upper back (14.9%), and lower back (14.8%). The results of logistic regression
showed that female adults, > 5 job tenure and work-related factors (including awkward posture, lifting or carrying
weights, excessive repetition, prolonged sitting, monotonous work and working under conditions of cold or tempera-
ture variations) led to a higher risk of WMSDs on most body parts. Upper back, wrist/hand and elbow pain levels were
significantly higher for workers with vibration. However, more frequently, physical exercise was a protective factor
against WMSDs on most body parts except the upper back, leg and knee.

Conclusions: The study indicates a high prevalence of musculoskeletal pain among the electronics manufacturing indus-
try in China. Different personal and work factors are related to the occurrence of WMSD on different body parts. Preven-
tive measures should be implemented based on the characteristics of WMSD in the electronic manufacturing industry.
Furthermore, the training and intervention guidance of ergonomic hazards in the workplace need to be strengthened by
understanding the impact of bad posture, avoiding long-term sitting posture and increasing physical activities.
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Introduction

Work-related musculoskeletal disorders (WMSDs) have
become one of the main reasons for the decline of the
labour force of the occupational population. Research
on the disease burden in 2019 shows that disability-
adjusted life years caused by lower back pain rank fourth
in the world among the 25-49 year population [1]. In
2016, globally, an estimated 76.1 (66.3—86.3) million
DALYs were attributable to the included occupational
risk factors; among them, 20.3% DALYs were attribut-
able to ergonomic exposure, which ranked second behind
injury risk factors (28.2%); furthermore, this trend is still
increasing [2]. WMSDs and their related factors have
become a global public health problem and are worthy of
attention and research.

WMSDs are multifactorial in nature, as there are sev-
eral factors that may contribute to developing these
problems, including biomechanical, psychosocial, organ-
izational, individual and environmental factors [3, 4]. To
date, most studies have shown that WMSDs on various
body parts have different risk factors. When these single
independent factors were combined, the risks of WMSDs
were affected [5-7].

The electronics industry is one of the largest global
industries and is known for its rapid technological inno-
vation, global competition, and labour intensity [8, 9].
High ergonomic risks include high load, repetition, awk-
ward posture, and monotonous work in the workplace.
The prevalence of WMSDs in the electronics industry
was 35.7%~80.5% on different body parts in previous
studies [10-12].

A review of the literature shows that there is limited
research on the occurrence of musculoskeletal symp-
toms and their contributing risk factors among electronic
manufacturing workers. To date, a few previous studies
have focused on single or several similar factories, such
as a thin film transistor liquid crystal display (TFT-LCD)
manufacturing factory [8], and electronic part processing
factories [9, 10] as well as certain workers, such as women
[11]. The results of these previous studies only reflect the
occurrence of WMSDs in certain enterprises or working
populations and lack the prevalence and distribution char-
acteristics of WMSDs in electronics industry industries.

Therefore, the current large-scale epidemiological
survey on the electronics industry in thirty factories in
China, including different types of factories, was con-
ducted to determine the prevalence of and risk factors

for work-related musculoskeletal disorders among elec-
tronics manufacturing workers. This study also enhances
the body of research on MSDs and has the potential to
inform work practices in similar occupational groups.

Subjects and methods

Participants

This cross-interventional study was conducted in 2018
and comprised 7307 electronics manufacturing work-
ers from 30 electronics manufacturing enterprises in
North, South, East and Southwest China. The enter-
prises were randomly selected by the enterprise scale
and include semiconductor manufacturing, electronic
chip manufacturing, computer manufacturing opera-
tions and so on.

The participants were recruited via cluster sampling;
they worked various jobs across 40 departments, includ-
ing 14 types of work, e.g., assembly, quality inspection,
monitoring, welding, packaging, and wafer fabrication.
They reported sitting or standing for a prolonged time,
performed the repetitive operations or worked in awk-
ward postures and had at least one year of work expe-
rience in their current job. The exclusion criteria were
as follows: congenital spinal malformation or musculo-
skeletal disorders caused by trauma, infectious diseases,
malignant tumours and other nonwork-related factors.
All participants read and signed the informed consent
approved by the China CDC ethics committee.

The questionnaire

The data were collected using the electronic question-
naire system of the Chinese Version of the Musculoskel-
etal Disorders Questionnaire, which has been tested for
reliability and validity for the Chinese population [13, 14]
provided by the Chinese Center for Disease Control and
Prevention. The questionnaire contains 3 parts: demo-
graphic characteristics, musculoskeletal symptoms and
work-related factors.

The demographic characteristics included gender, age,
job tenure, body mass index (BMI, weight/height?), and
educational level, as well as individual habits such as
weekly amount of physical activity. The work-related fac-
tors included awkward posture, lifting or carrying weights
(>5 kg), excessive repetition, daily working hours, sitting
for a long period at work, vibration and work environ-
ment involving cold or cool wind.
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The definition of WMSDs most commonly employed by
the National Institute of Occupational Safety and Health
(NIOSH) included the following criteria [15]: (1) dis-
comfort within the past year; (2) discomfort began after
employment in the current job; (3) no prior accident or
sudden injury (affecting focal area of discomfort); and
(4) episodes of discomfort occur monthly or, if not every
month, at least exceeding a weeklong period of discomfort.

Statistical analysis
All study variables were selected from the questionnaire
responses. Some of them were coded as dummy variables
(“No” or “Yes, 0 and 1, respectively), and others were
classified into more categories, as shown in Table 2.

Descriptive analyses, such as frequency distribution
and the significance of crude associations between the
outcome variables (WMSDs in neck, shoulder, upper
back, lower back, elbow, wrist/hand, hip/thigh, knee, and
ankle/foot), were tested with chi-square tests. The asso-
ciation between the outcome variable and independent
variables was explored by multivariate logistic regression
analysis, and the crude odds ratio (COR) was computed
with a 95% CI.

All statistical analyses were performed using SPSS ver-
sion 21.0 (SPSS Inc., Chicago, IL, USA), and a P value of
less than 0.05 was considered statistically significant.

Results

Incidences of WMSDs in different body parts

Table 1 indicates the prevalence of WMSDs during the
last 12 months among the workers in different parts of the
body. The total prevalence of WMSDs was 40.2% among
the workers, mainly involving the neck (26.8%), shoulder
(22.8%), upper back (14.9%), and lower back (14.8%).

Table 1 Prevalence of WMSDs in different body parts in the

workers

Body parts Positive case (n) Prevalence (%)
Neck 1959 26.81
Shoulder 1667 2281
Upper back 1088 14.89
Low back 1078 14.75
Elbow 486 6.65
Wrist/hand 827 11.32
Hip/Thigh 665 9.10
Knee 536 7.34
Ankle/ foot 742 10.15
Total 2964 40.56
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Demographic characteristics analysis

A total of 3334 male (45.6%) and 3973 female (54.4%)
workers were included, and their ages ranged from 16
to 62 years (mean 32.36+7.39 years). A total of 5144
(70.40%) of the participants were 35 years old or younger,
and 2163 (29.60%) were over 35 years old. The working
duration ranged from 1 to 40 years (mean 4.66+4.57
years). A majority of the respondents (5150, 70.48%) had
less than 5 years of experience in the electronics indus-
try. The body mass index values ranged from 14.19 to
50.34 kg/m? (mean 22.8+4.75 kg/m?). A total of 4616
(63.17%) of the participants had a normal BMI, ranging
from 18.5 to 24.9 kg/m? while 536 (7.43%) were classi-
fied as obese (BMI greater than 28 kg/m?). With respect
to education, 1789 (24.48%) respondents attended jun-
ior college or above, 3558 (48.69%) respondents had
completed their senior high school education, and
1960 (26.82%) respondents only attained a junior mid-
dle school education or below. Regarding exercise hab-
its, 1759 (24.07%) respondents never exercised, 4272
(58.46%) exercised occasionally, and 1276 (17.46) exer-
cised more than twice a month.

For most body parts, WMSDs were significantly associ-
ated with the participant’s sex (except the hip/thigh and
knee), age (elbow, wrist/hand, hip/thigh and ankle/foot),
job tenure (except the ankle or foot), and BMI (lower
back, elbow, knee and ankle/foot) (Table 2). It is worth
noting that as exercise frequency increased, the occur-
rence of WMSDs decreased significantly on most body
parts (except the knee). The prevalence of upper back,
wrist/hand, knee, ankle/foot, elbow, and hip/thigh pain
was significantly associated with participant education.

Work-related factor analysis

Regarding work-related factors (Table 3), the major-
ity of study participants (3038, 41.57%) performed their
task in an awkward posture, 3912 (53.54%) were often/
always lifting or carrying weights (>5 kg), and 3789
(51.85%) worked with excessive repetition. Respondents
who met these criteria were more likely to have WMSDs
than their counterparts (P<0.05). Working under con-
ditions of cold or temperature variations was also asso-
ciated with WMSDs in all nine body parts. A total of
75.65% of the workers worked often/always sitting for a
long time. More often, sitting workers had significantly
more WMSDs in the neck, shoulder, upper and lower
backs than those who reported never or rarely sitting
(p<0.001). However, subjects who reported more sitting
had a significantly lower prevalence of hip/thigh, knee
and ankle or foot pain than those who reported not sit-
ting (p<0.001). A total of 1535 (21.70%) respondents
reported working often with vibration tools, which was
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also associated with WMSDs (except neck, shoulder and
lower back), p <0.001. Taking turns with colleagues was a
protective factor against WMSDs in the neck, shoulder,
upper back, and lower back, p <0.05.

Risk factor modelling by multivariate logistic regression
Variables with p values<0.05 in the bivariate analysis
were subsequently included in a multivariate logistic
regression analysis to identify independent predictors of
work-related musculoskeletal disorders (Table 4). In mul-
tivariate analysis, the risk of WMSDs among females was
1.96 (1.72~2.23), 1.67 (1.48 ~ 1.89), 1.55 (1.30 ~ 1.84), 1.51
(1.30~1.76), 1.49 (1.28 ~1.73) and 1.38 (1.12~1.69) times
higher than that in males in the shoulder, neck, wrist/
hand, upper back, lower back and elbow, respectively. The
risk also increased with job tenure (except in the foot).
Compared with workers with a job tenure of two years
or less, workers who had a job tenure of 5 years or more
had 1.59 (1.39~1.82) and 1.57 (1.38 ~1.79) times as many
problems with shoulder and neck pain, respectively.

Working with a strained posture was significantly associ-
ated with WMSDs in all nine body parts, especially in the
elbow (OR: 3.06, 95% CI (0.41 ~ 3.88)), knee (OR: 2.89, 95%
CI (2.29~3.64)), foot (OR: 2.84, 95% CI(2.29 ~3.51)), hip/
thigh (OR: 2.78, 95% CI(2.24~3.44)) and neck (OR: 2.64,
95% CI (2.22 ~ 3.14)). People who lifted heavy weights (5 kg)
often had more problems than those who lifted seldom or
never. The impacts on the lower back (OR: 1.76, 95% CI
(1.49~2.07)), foot (OR: 1.59, 95% CI (1.33~1.91)), and knee
(OR: 147, 95% CI (1.19~1.81)) were more significant. As
excessive repetition increased, pain increased significantly
in most body parts, especially in the wrist/hand (OR: 2.93,
95% CI (2.43 ~3.53)), elbow (OR: 2.26, 95% CI (1.80 ~ 2.83)),
and upper back (OR: 2.15, 95% CI (1.84~2.51)).

Sitting for a long time was another important risk fac-
tor for MSDs in the neck, shoulder, back and wrist/hand;
however, the problems decreased significantly with pro-
longed sitting in the following body parts: foot (OR: 0.40,
95% CI (0.33 ~0.47)), knee (OR: 0.72 95% CI (0.59 ~ 0.87))
and hip/thigh (OR: 0.80,95% CI (0.68 ~0.95)). Work-
ing under conditions of cold or temperature variations
was also associated with WMSDs in most body parts
except the neck. Physical exercise has a significant pro-
tective effect against WMSDs in the foot, neck, shoulder,
lower back, wrist/hand and elbow. Vibration was a risk
factor for WMSDs in the upper back (OR: 1.89, 95% CI
(1.40 ~2.55), wrist/hand (OR: 1.48, 95% CI (1.14~1.94)
and upper back (OR: 1.45, 95% CI (1.13 ~ 1.86)). In addi-
tion to the above factors, education level is a risk fac-
tor for WMSDs in the hip/thigh and upper back. Lower
back, foot and elbow problems were affected by BMI,
such that the higher the BMI value was, the higher the
prevalence of WMSDs.
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Discussion

In this study, we investigated the prevalence of work-
related musculoskeletal disorders among electronics
manufacturing workers in the last 12 months. The over-
all prevalence of WMSDs in our study was 40.6%, and
the common body sites affected were the neck, shoul-
der, upper back and low back. The total prevalence is
consistent with reports from a study in Beijing [9] but
lower than the rates reported in Iran [10, 16], the USA
[17], and Peninsular Malaysia [11]. This may be because
the respondents’ compositions by age and gender were
inconsistent in different studies. In this study, respond-
ents are younger than those in other studies, and some
studies only focus on female workers in electronic facto-
ries. There is another reason to note that the question-
naire instruments have not been standardized in these
studies, and large differences in prevalence may reflect
differences between questionnaires. However, it is worth
noting that the main problems in the electronics manu-
facturing industry are concentrated in the neck, shoulder
and upper back, which has been shown in several studies
[11, 16]. A systematic review that selected and examined
30 references suggested that the prevalence of muscu-
loskeletal symptoms among handicraft workers ranged
between 38.5% and 100%, and the most commonly
affected body areas were the neck, back, knees and upper
limbs [3].

Our study analyses the complex interrelationship of
demographic and work factors with WMSDs. In this
study, we observed a significantly higher prevalence
of the top four body part complaints among females
(33.57%, 29.90%, 18.15%, 17.85%) than among males
(18.75%, 14.38%, 11.01%, 11.07%). There were signifi-
cant associations between the participant’s sex and the
prevalences of WMSDs in the neck, shoulder, upper
back and lower back. This result was consistent with the
findings of other epidemiological studies [8, 18] since
female workers tend to have a smaller body build and are
less able to bear loads than male workers. Ostergren PO
et al. indicated that the effect of psychosocial factors was
more prominent in women, which could be a synergistic
effect of psychosocial and biological factors in heighten-
ing the risk of developing shoulder and neck pain among
women [19].

Furthermore, age was not associated with the preva-
lence of WMSDs in the regression model after consider-
ing other factors. Age was not an independent influencing
factor but coexisted with other potential factors. A simi-
lar finding was reported by Bruno R [20]. However, work
experience was associated with the prevalence of the four
associated parts WMSDs, which has also been reported
in previous studies in those body parts among bank
staff [21]. Workers who had a long work duration (>5
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years of work experience) had a higher risk of develop-
ing WMSDs than those with less work experience. This
might be because a long job tenure leads to more expo-
sure to risk factors than a short job tenure. This means
that work-related musculoskeletal disorder by its nature
is cumulative trauma or repetitive strains that develop
gradually as a result of overuse.

The most commonly reported biomechanical risk fac-
tors with at least reasonable evidence for causing WMSD
include excessive repetition, awkward postures, and
heavy lifting [22-24]. In this study, we found the same
result: biomechanical risk factors were potential risk fac-
tors associated with the development of musculoskeletal
symptoms in all nine body parts among electronic manu-
facturing workers. Tasks requiring repetitive movements
are common in the electronic manufacturing industry.
Repetitive movements of any muscle group will eventu-
ally cause fatigue in that group and result in tension in
other muscles during execution of the task. When using
the upper limbs in a repetitive manner, muscles in the
shoulder, neck, and back are usually tensed and become
fatigued during the course of movement.

Few studies have examined the relationship between
working environment temperature change and WMSDs
in the electronic manufacturing industry. A total of
27.4% of workers complained that the working environ-
ment was too cold in a study by Heng Leng Chee [11].
In this study, 18.56% of workers complained of work-
ing under conditions of cold or temperature variations.
It was found that significant work under conditions of
cold or temperature variations had positive contribu-
tions to the prevalence of WMSDs in most body parts.
This is consistent with previous reports of mining [25]
and cold store work [26]. The results indicated that
musculoskeletal symptoms are more frequent in cold
exposure than in normal temperature work. Most of
the production workshops in the electronics industry
are clean workshops, which have strict requirements on
temperature, humidity and ventilation. The associations
between clean workshops and musculoskeletal disor-
ders need further research.

Sitting for a long time and monotonous work are the
characteristics of assembly line workers in the elec-
tronic manufacturing industry. The present study also
found that sitting for a long period at work and doing
the same job every day were associated with higher
odds of WMSDs in most body parts. An association
between neck and shoulder pain and sitting was also
found in Malaysian electronics factory workers [12]
but not with other body parts. Whether prolonged sit-
ting is a risk factor for lower back pain remains unclear.
Previous research has indicated that prolonged sitting
could increase the risk of lower back pain. Possible
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mechanisms mentioned are increased intradiscal pres-
sure stiffness of the lumbar spine and reduced strength
of the lower back muscles [27, 28]. However, a recent
systematic review reported that poor sitting posture
and lack of daily physical activities may be strong pre-
dictors of LBP caused by sitting, not only prolonged
sitting [29].

Physical activity is considered an effective meas-
ure to prevent WMSDs in many studies [30, 31]. In our
study, pain reports in most body parts (except the knee)
decreased significantly with an increase in weekly exer-
cise frequency. Physical activity is a protective factor for
these body parts. PA helps to promote muscle activation
patterns different from those imposed by work to restore
the balance of spinal stability [29]. A multicentre rand-
omized clinical trial study among Italian surgeons dem-
onstrated the effectiveness of a global program based on
the application of ergonomics in the operating room and
specific physical exercises in the lower back [32]. Shariat
et al. showed that exercise modification was more effec-
tive than ergonomic modification in the treatment of
office workers with neck, shoulder, and lower back pain
[33]. When working long hours, long sitting operations
are very common in electronic manufacturing workers,
and there is little time for sports after work, which is an
effective way to organize employees to exercise/stretch in
the workplace to prevent WMSDs.

Limitations

This study had some limitations that should be acknowl-
edged when interpreting the results. It is only a cross-
sectional study, and it is difficult to determine causality.
Retrospective analysis and its accuracy need to be veri-
fied by prospective studies. In addition, the relationship
between psychological factors and WMSDs was not ana-
lysed in this study. Future research is needed to explore
the effects of these risk factors on WMSDs.

Conclusion

In summary, the prevalence of WMSDs was relatively
high in electronic manufacturing workers in China,
especially in the neck, shoulder and back. We found that
excessive repetition, awkward posture, and heavy lifting
were significant work-related risk factors for WMSDs in
all nine body parts. In addition, working under condi-
tions of cold or temperature variations is related to the
occurrence of WMSDs (except in the neck), which was
first discovered in the electronics industry. It is nota-
ble that sedentary work (75.65%) and a lack of exercise
(82.54%) were common in this sample, thereby affect-
ing the occurrence of WMSDs in the neck, shoulder and
back. As a result, prevention and control programs in the
workplace are necessary in the electronics industry, from
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engineering design, cognitive training, organizational
management and individual behaviour to avoid or reduce
the adverse technical factors in the work and reduce the
occurrence of WMSDs.
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