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ABSTRACT
Objective To survey the prevalence of lower extremity 
musculoskeletal disorders (MSDs) among Chinese 
manufacturing workers, and to identify the associated 
factors.
Design Observational study with cross- sectional design.
Setting A self- administered questionnaire survey was 
conducted in four manufacturing factories in China.
Participants 7908 manufacturing workers were 
included in this study after excluding non- conforming 
personnel.
Outcome measures Individual and work- related 
information, and MSDs in the whole leg and knee region 
were measured by the anonymous self- administered 
questionnaire. Individual and work- related factors 
associated with MSDs and their effects were identified 
through multivariate logistic regression.
Results Of all respondents, 3241 (41.0%) reported having 
had lower extremity MSDs in the recent 12 months, and 
for the knees, ankles/feet and hips/thighs were 29.5%, 
23.9% and 16.7%, respectively. After confounder- 
adjusted single- factor analysis, 22 variables (of 24) were 
significantly related to the disorders. Factors like always 
kneeling/squatting for long periods, always standing for 
long periods and often lifting in an uncomfortable position 
were shown to have higher risks, with ORs of 2.77 (95% 
CI: 2.33 to 3.30), 2.30 (1.96 to 2.69) and 2.25 (2.04 to 
2.47). Comparable results were found on knee disorders. 
The final model included 15 variables of demography, 
biomechanics and work organisation. The following factors 
showed increased risks of lower extremity MSDs: being 
female, being older, longer working years, higher body 
mass index (BMI), keeping the same posture for a long 
time, awkward position, shift work and monotonous work. 
Whereas having enough breaks reduced the risk.
Conclusion The prevalence of lower extremity MSDs 
among Chinese manufacturing workers is high. The 
most commonly affected body regions were the knees 
and ankles/feet. Multiple factors were found associated 
with lower extremity MSDs including age, BMI, work 
experience, work organisations, physical ergonomics 
exposures, etc.

INTRODUCTION
Work- related musculoskeletal disorders 
(MSDs) are worldwide public health prob-
lems among occupational population, 
which affect a great number of workers 
from different occupations and bring huge 
economic burden to both individuals and 
society.1 2 Typical disorders like low back pain, 
neck pain and carpal tunnel syndrome have 
gained wide attention in both developed and 
developing countries.3–5 Lower extremity 
MSDs, including pain in the knees, hips/
thighs and ankles/feet, are however less inves-
tigated, especially in developing countries.6 7

The prevalence of lower extremity MSDs 
is high among occupational population, 
causing immense burden to individuals, 
family and society.8 Lower extremity MSDs 
generate not only pain or discomfort, but also 
a limitation in daily activities. Serious pain 
and daily activity limitation have extensive 
impacts on the emotional state and quality of 
life of sufferers.9–11 Those with serious lower 

Strengths and limitations of this study

 ► This study focused on lower extremity musculoskel-
etal disorders (MSDs), which are important aspects 
of the occupational health but less investigated in 
the workplaces.

 ► This cross- sectional study included a large popula-
tion with 7908 valid survey respondents from four 
manufacturing factories in China, and assessed 
multiple factors affecting lower extremity MSDs.

 ► The results of this study can help explore the as-
sociation between multiple risk factors and lower 
extremity MSDs, and develop prevention strategies 
for reducing their risks.

 ► Recall bias may exist. The prevalence of MSDs may 
be overestimated by using questionnaires.
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extremity MSDs may have to turn to walking sticks, wheel-
chairs or surgical operation, such as knee arthroplasty. 
The absenteeism and reduced work productivity caused by 
lower extremity MSDs also bring burden to the operation 
of factories. In a British study, knee disorders had at some 
time caused 14% of the men in the general population 
to be absent from work (median time lost over working 
life=14 days).12 An American article reported knee MSDs 
accounted for 7% of the MSD claims and 10% of the MSD 
cost in Washington State, and the mean number of fund 
claims was 2771 per year, averaging $20 200 per claim.13

Lower extremity MSDs have a multifactorial aetiology, 
and the risk factors may be summarised as individual 
factors, biomechanical factors, organisational factors 
and psychosocial factors.14–16 Lower extremity MSDs 
have been studied among workers from different occu-
pations, such as construction workers, manufacturing 
workers, farmers, nurses, office workers, etc.16–18 Among 
these occupations, the manufacturing industry holds a 
large number of employees, which are characterised by 
repetitive tasks, heavy physical workload and relatively 
low income, especially in developing countries. During 
the economic globalisation, a large proportion of manu-
facturing industries have been transferred to developing 
countries. As one example, China, a large manufacturing 
country in the world, has over 100 million manufacturing 
workers. Accordingly, the problem of lower extremity 
MSDs is significant in the manufacturing industries of 
both developed and developing countries, and it needs 
more attention. Therefore, this study aimed to investigate 
the prevalence of lower extremity MSDs and identify the 
risk factors among manufacturing workers.

METHODS
Patient and public involvement
Patients and the public were not involved in the study.

Study design and participants
A cross- sectional study was conducted among workers 
from four manufacturing factories in the Henan and 
Hubei provinces, China. The study was based on a self- 
administered survey through a Chinese- edition ques-
tionnaire with a focus on MSD studies. Researchers from 
two universities and an institute of Occupational Disease 
Prevention and Control collaborated to ensure that the 
questionnaires were hand delivered to manufacturing 
workers who signed the inform consent form and fulfilled 
the inclusion criteria (see below). The cluster sampling 
method was used in this study, and participants were 
selected under the uniform inclusion criteria: (1) at least 
18 years old, (2) job experience (current position) ≥1 year; 
(3) no trauma, rheumatism, tumour or other diseases 
affecting the musculoskeletal system; (4) informed 
consent of the participants. A total number of 8233 ques-
tionnaires were collected (95.4% response rate), and a 
total of 7908 valid questionnaires remained after invalid 
questionnaires were excluded (91.7% efficiency rate).

Questionnaire
The questionnaire used for evaluating MSDs and associ-
ated factors in this study was developed by Yang et al,19 
which was based on the Nordic Musculoskeletal Question-
naire20 and the Dutch Musculoskeletal Questionnaire.21 
It has been tested for reliability and validity.22

The questionnaire is composed of three parts. The first 
part concerns general information. It includes personal 
factors like age, gender, education level and job experi-
ence. The second part addresses the prevalence of MSDs, 
including 1- week prevalence, 12- month prevalence and 
prevalence after getting the employment. In this study, 
we focused on 12- month prevalence. The third part 
covers the exposure of occupational factors, including 
biomechanical factors, work organisation and manage-
ment, and the physical environment. The biomechanical 
factors include working postures, lifting heavy objects, 
repetitive tasks and overexertion. The work organisation 
and management factors include working overtime, shift 
work and work control. The physical environment factors 
include temperature and working space.

The questionnaire includes both quantitative contin-
uous variables (such as age, job experiences, height) and 
qualitative variables with two to four categories. Question 
such as ‘Do you often lift heavy objects in an uncomfort-
able position?’ had two options: yes or no. Question such 
as ‘Do you often stand for long periods at work?’ had 
four options: seldom/never, sometimes, often and almost 
always.

Before the field investigation, the investigators, who 
were composed of occupational health professionals, 
received training to ensure they were familiar with the 
contents of this questionnaire and survey techniques. 
During the field investigation, the questionnaires with 
a cover letter explaining the purposes of the study and 
the procedure were distributed to the participants. The 
participants were encouraged to complete the question-
naire in a certified, truthful and complete way.

Case definition
In this study, the case of lower extremity MSDs and knees 
disorders was defined as having ache, pain, discomfort, or 
limitation of activities in one or more parts of the whole 
leg and knee region, which lasted for more than 24 hours 
and were not relieved after rest, in the last year.

Statistical analysis
Descriptive statistics were used to describe demographic 
information of the respondents by using numbers and 
percentages (for categorical variables), means and SD 
(for normally distributed continuous variables), and 
median and quartile (for continuous variables which 
were not normally distributed).

Univariate binary logistic regression analysis was first 
used to obtain the demographic factors’ association to 
lower extremity MSDs. The OR and the 95% CI of each 
factor were calculated.
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Then, separately for each of the biomechanical and 
organisational factors, binary logistic regression anal-
ysis with ORs adjusted for gender, age, job experiences, 
body mass index (BMI) and workplace was carried out 
to explore potential work- related risk factors to lower 
extremity MSDs.

Additionally, knee MSDs were analysed separately, as 
knee MSDs had the highest prevalence among lower 
extremity MSDs.

Finally, a multivariate binary logistic regression model 
for lower extremity MSDs was constructed with stepwise 
selection technique (entry: p<0.05, removal: p>0.10). 
The factors which had statistical association (p<0.05) with 
lower extremity MSDs in a separate variable analysis were 
chosen as independent variables for multifactor analysis.

For categorical variables with three or four catego-
ries, such as education level and long periods standing, 
dummy variables were constructed. For better analysis 
and interpretation, continuous variables including age, 
job experience and BMI were transformed to categorical 
variables, and dummy variables were also made for them. 
The first or the lowest category was chosen as a reference 
group to estimate the OR values of other categories for 
most multicategorical variables except BMI, for which 
normal weight group (BMI 18.5–23.9 kg/m2) was made 
as a reference.

The statistical tests were two sided with a significance 
level at p<0.05. All statistical analyses were performed 
through SPSS V.20.0 (IBM) for Windows.

RESULT
A total of 7908 respondents came from four manufac-
turing factories: an electrical equipment manufacturing 
factory, an automobile factory, a shipyard and a steel 
machinery manufacturing factory. Among them, 6069 
(76.7%) workers were men, and 1839 (23.3%) were 
women. The age of the study respondents was 36.2±8.5 
(mean±SD) years. The mean BMI was 22.68±2.95 kg/
m2. The median job experience with its quartile was 11.0 
(5.0–18.0) years. The detailed group information was 
presented in table 1.

Among the respondents, 3241 (41.0%) reported 
experiencing lower extremity MSDs in the previous 12 
months, including the pain symptoms in knees, ankles/
feet and hips/thighs. The 12- month prevalence rates of 
pain in knees, hips/thighs and ankles/feet were 29.5%, 
16.7%, and 23.9%, respectively. The 12- month preva-
lence rate of multisite (≥2 sites) lower extremity MSDs 
was 18.5%, which accounted for 45.1% of the sufferers of 
lower extremity pain.

For exploring the influencing factors of lower extremity 
MSDs and knee pain, a total of 24 potential variables 
were chosen as independent variables and analysed by 
binomial logistic regression separately. The results were 
categorised into three parts, including aspects of demog-
raphy, biomechanics and work organisation, which were 
presented in tables 2 and 3. Among them, 22 variables 

were significantly correlated to lower extremity MSDs 
(p<0.05), of which 5 variables were supposed to be protec-
tive factors with OR <1, and the rest of the variables were 
supposed to be risk factors with OR >1. The separate anal-
ysis on knee pain showed similar results.

The logistic regression model for lower extremity MSDs 
was developed by 23 variables, of which 22 were selected 
from single- factor analysis with p<0.05. Although gender 
showed no statistical significance in the single- factor 
analysis, considering its significance in previous relevant 
studies, it was still included in the regression analysis. 
Finally, 15 variables entered into the regression model by 
forward selection method, and the regression result was 
presented in table 4.

Among demographic factors, gender, age, job experi-
ence and BMI entered into the regression model. Women 
seemed to have higher risk of lower extremity MSDs than 
men (OR=1.34, p<0.001). Age older than 46 years seemed 
to be a risk factor compared with age group 18–25 years 
(OR=1.55, p<0.001). Job experiences equal to 5 years 
or longer appeared to be a risk factor. Overweight 
(BMI: >24 kg/m2) seemed to be a risk factor (OR=1.20, 
p<0.001). In the aspect of biomechanics, almost always 
standing for long periods seemed to increase the risk of 

Table 1 Demographic characteristics of the respondents 
(N=7908)

Characteristics N (%)

Gender

  Male 6069 (76.7)

  Female 1839 (23.3)

Age

  18–25 957 (12.1)

  26–35 2851 (36.1)

  36–45 2897 (36.6)

  >46 1203 (15.2)

Education level

  Middle school or below 1340 (16.9)

  High school 4478 (56.6)

  College/university or above 2090 (26.4)

BMI (kg/m2)

  <18.5 445 (5.6)

  18.5–23.9 5028 (63.6)

  24–27.9 2095 (26.5)

  >28 340 (4.3)

Job experience (years)

  <5 1917 (24.2)

  5–9 1577 (19.9)

  10–14 1593 (20.1)

  >15 2821 (35.7)

BMI, body mass index.
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lower extremity MSDs (OR=1.36, p<0.001). After adjust-
ment for other factors, often and almost always sitting for 
long period seemed to be risk factors, of which the OR 
values were 1.21 and 1.33, respectively. Often and almost 
always kneeling/squatting for long period seemed to be 
risk factors, of which the OR values were 1.24 and 1.69, 
respectively. Walking for long periods also appeared to 
be a risk factor. Often lifting in an uncomfortable posi-
tion, often lifting with one hand and often performing 
short, maximal force exertions were also biomechanics 
variables, which seemed to be risk factors (OR >1). In the 
aspect of the organisation, four variables entered into the 
model. Often working overtime, having shift work and 
doing the same work almost every day appeared to be 
risk factors with OR >1, and feeling breaks were sufficient 
seemed to be a protective factor (OR=0.70, p<0.001).

DISCUSSION
In this study, we investigated the prevalence of lower 
extremity MSDs among Chinese manufacturing workers, 

and assessed multiple factors associated with lower 
extremity MSDs.

The 12- month prevalence of lower extremity MSDs in 
this study was 41.0%, which was higher than the result of 
a large cross- sectional study in Europe in 2016 (16.5% for 
men, 15.8% for women).23 The difference in prevalence 
between the two studies is likely mirroring a higher prev-
alence among manufacturing workers, but often similar 
questionnaires from different studies show different 
prevalence, even when performed in the same occupa-
tion. This study focused on manufacturing workers, while 
respondents in the European study came from multiple 
industries. In the lower extremity MSD research of the 
manufacturing industry, the recent studies mainly come 
from developing countries, which may be related to the 
industrial chain transfer brought by economic globali-
sation. In a study in a Bangladesh garment factory, the 
12- month prevalence rates of MSDs in hips/thighs, knees 
and ankles/feet were 2.5%, 17.7%, and 9.5%.24 In a 
survey on seafood processing plants in Vietnam, 53.3% 
of female employees suffer from MSDs.25 According to a 

Table 2 Results of univariate logistic regression analysis for the association between demographic factors and MSDs

Characteristics

Knee MSDs Lower extremity MSDs

Prevalence (%) OR (95% CI) Prevalence (%) OR (95% CI)

Demographic factors

Gender

  Male 29.7 1 40.9 1

  Female 28.6 0.95 (0.85 to 1.07) 41.3 1.02 (0.91 to 1.13)

Age (years)

  <18–25 27.1 1 35.9 1

  26–35 27.9 1.04 (0.88 to 1.23) 41.0 1.24 (1.06 to 1.44)*

  36–45 29.2 1.11 (0.94 to 1.31) 40.9 1.24 (1.06 to 1.47)*

  >46 36.0 1.52 (1.26 to 1.82)** 45.1 1.46 (1.23 to 1.74)**

Education level

  Middle school or below 31.6 1 41.6 1

  High school 30.1 0.93 (0.81 to 1.06) 42.3 1.03 (0.91 to 1.17)

  College/university or above 26.9 0.80 (0.68 to 0.92)** 37.8 0.85 (0.74 to 0.98)*

BMI (kg/m2)

  <18.5 30.1 1.11 (0.90 to 1.37) 40.4 1.05 (0.87 to 1.28)

  18.5–23.9 27.9 1 39.3 1

  24–27.9 32.5 1.24 (1.11 to 1.38)** 44.1 1.21 (1.10 to 1.35)**

  >28 33.2 1.28 (1.02 to 1.62)* 47.1 1.37 (1.10 to 1.71)**

Job experience (years)

  <5 24.2 1 34.0 1

  5–9 28.2 1.23 (1.06 to 1.43)** 41.9 1.40 (1.22 to 1.61)**

  10–14 31.5 1.44 (1.24 to 1.67)** 42.6 1.45 (1.26 to 1.65)**

  >15 32.7 1.52 (1.33 to 1.73)** 44.3 1.55 (1.37 to 1.75)**

*P<0.05, **p<0.01.
BMI, body mass index; MSDs, musculoskeletal disorders.
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Table 3 Results of univariate logistic regression analysis for the association between work- related factors and MSDs

Characteristics

Knee MSDs Lower extremity MSDs

Prevalence (%) OR (95% CI) Prevalence (%) OR (95% CI)

Biomechanical factors*

Long periods standing

  Seldom/never 22.6 1 32.1 1

  Sometimes 22.6 1.01 (0.83 to 1.22) 33.3 1.05 (0.89 to 1.25)

  Often 27.8 1.36 (1.14 to 1.63)** 39.5 1.46 (1.24 to 1.71)**

  Almost always 37.4 2.16 (1.81 to 2.57)** 50.2 2.30 (1.96 to 2.69)**

Long periods sitting

  Seldom/never 31.1 1 42.6 1

  Sometimes 26.9 0.82 (0.72 to 0.93)** 38.4 0.81 (0.72 to 0.92)**

  Often 25.3 0.75 (0.64 to 0.89)** 36.7 0.73 (0.63 to 0.85)**

  Almost always 28.8 0.88 (0.74 to 1.04) 39.1 0.82 (0.70 to 0.96)*

Long periods kneeling/squatting

  Seldom/never 24.4 1 35.3 1

  Sometimes 29.2 1.31 (1.15 to 1.49)** 41.6 1.34 (1.19 to 1.51)**

  Often 35.8 1.75 (1.49 to 2.04)** 48.9 1.86 (1.60 to 2.16)**

  Almost always 49.3 3.03 (2.55 to 3.61)** 58.7 2.77 (2.33 to 3.30)**

Long periods walking

  No 25.7 1 36.1 1

  Yes 33.3 1.48 (1.33 to 1.63)** 45.9 1.54 (1.40 to 1.69)**

Often lifting heavy objects (kg)

  <5 23.4 1 34.6 1

  5~ 29.2 1.38 (1.21 to 1.56)** 41.6 1.38 (1.23 to 1.54)**

  20~ 39.1 2.16 (1.91 to 2.44)** 49.8 1.96 (1.75 to 2.19)**

Often lifting in uncomfortable positions

  No 23.2 1 33.7 1

  Yes 39.9 2.19 (1.97 to 2.42)** 52.9 2.25 (2.04 to 2.47)**

Often lifting with one hand

  No 25.5 1 35.9 1

  Yes 37.7 1.70 (1.53 to 1.89)** 51.3 1.88 (1.70 to 2.07)**

Load is difficult to grasp/hold

  No 24.5 1 35.8 1

  Yes 39.8 2.02 (1.82 to 2.24)** 51.6 1.94 (1.75 to 2.14)**

Often exerting great force on tools/machine

  No 24.5 1 35.6 1

  Yes 38.8 1.95 (1.75 to 2.16)** 50.8 1.88 (1.70 to 2.07)**

Often performing short, maximal force exertions

  No 22.2 1 32.4 1

  Yes 36.4 2.06 (1.86 to 2.29)** 40.9 2.07 (1.88 to 2.27)**

Work organisation factors*

Often working overtime

  No 23.7 1 32.9 1

  Yes 32.9 1.70 (1.52 to 1.89)** 45.8 1.79 (1.62 to 1.98)**

  Shift work

  No 28.4 1 39.1 1

  Yes 31.6 1.26 (1.13 to 1.41)** 45.0 1.33 (1.20 to 1.47)**

Continued
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survey on MSDs of a steel plant workers in Iran, the prev-
alence rates of MSDs in hips/thighs, knees and ankles/
feet were 18.0%, 47.8% and 21.6%.26 From these studies, 
we can conclude that lower extremity MSDs generally are 
prevalent among manufacturing workers. Most studies 
find prevalence rates between 10% and 50%. The level of 
prevalence of lower extremity MSDs in our study popula-
tion was in the middle of that interval.

In comparison with male gender, female gender 
has been suggested as a risk factor of MSDs in many 
studies,11 27 28 while the difference was not found by a 
single- factor analysis in this study. Prevalence of MSDs 
in ankles/feet among women was even lower than men. 
However, this may be because factors such as workload 
can be considered as confounders in that comparison. 
In this study population, the female workers were gener-
ally exposed to a lower physical workload than the male 
workers in the plants. Accordingly, when putting gender 
into the final logistic regression, the result suggested that 
women had higher risk of lower extremity MSDs than 
men.

Workers belonging to the age group ≥26 years, espe-
cially those older than 46 years, had a higher MSD risk 
than younger workers. This is consistent with the results 

of previous studies.8 29 In the context of ageing and the 
trend of postponing retirement age globally, more and 
more people might develop lower extremity MSDs, which 
is a problem worthy of consideration. We also found that 
with the increase of job experiences, the risk of lower 
extremity MSDs increases, which might be related to 
cumulative injury. Overweight (BMI >24) and obesity 
(BMI >28) were identified as risk factors. One probable 
explanation is that overweight and obesity lead to more 
loading on the bones, joints and soft tissues of the loco-
motor system of the lower extremities, including the hips, 
knees and ankles.30 Given the fact of global increase in 
obesity, interventions aiming at reducing BMI are inter-
esting to decrease the MSDs among manufacturing 
workers. Still, for the working population, preventing 
obesity alone may not be sufficient for preventing MSDs; 
strategies on improving the work environment and the 
workload need to be combined.31

In this study, almost always standing for long periods 
might increase the risk of lower extremity MSDs, which 
concurred with the studies of Montano15 and Pensri et 
al.32 Compared with seldom/never sitting for a long time, 
sometimes, often and almost always sitting for long periods 
were found protective factors, while multivariate logistic 

Characteristics

Knee MSDs Lower extremity MSDs

Prevalence (%) OR (95% CI) Prevalence (%) OR (95% CI)

Having sufficient breaks

  No 33.9 1 46.2 1

  Yes 20.3 0.50 (0.44 to 0.56)** 30.2 0.51 (0.46 to 0.56)**

Can choose the start and end of a work day

  No 30.7 1 42.3 1

  Yes 24.0 0.69 (0.60 to 0.79)** 34.6 0.70 (0.62 to 0.79)**

Can choose the time of a break

  No 30.9 1 42.7 1

  Yes 25.1 0.73 (0.65 to 0.83)** 35.8 0.73 (0.66 to 0.81)**

Having to replace workmates often

  No 27.7 1 39.2 1

  Yes 38.6 1.59 (1.40 to 1.81)** 50.0 1.54 (1.37 to 1.75)**

Monotonous work

  No 25.2 1 33.2 1

  Yes 30.2 1.34 (1.16 to 1.56)** 42.3 1.50 (1.31 to 1.71)**

Rotation between workers

  No 29.3 1 40.5 1

  Yes 29.8 1.02 (0.92 to 1.13) 41.7 1.05 (0.96 to 1.16)

Always working at the same place

  No 29.8 1 39.5 1

  Yes 29.4 1.03 (0.92 to 1.15) 41.5 1.12 (1.01 to 1.24)*

*P<0.05, **p<0.01.
*Factors have been adjusted for gender, age, job experiences, BMI and workplace.
BMI, body mass index; MSDs, musculoskeletal disorders.

Table 3 Continued



7Jin X, et al. BMJ Open 2022;12:e054969. doi:10.1136/bmjopen-2021-054969

Open access

regression demonstrated that often and almost always 
sitting for long periods would increase the risk of lower 
extremity MSDs. One research from the USA showed that 
having the freedom to sit at work might prevent lower 
extremity MSDs.14 A South Korean cross- sectional study 

reported that sedentary behaviours might increase the 
risk of knee pain.33 These contradicting results might 
be concerned with the length and temporal pattern of 
sitting time, the inaccuracy or recall bias of the assessment 
method using a questionnaire, or the interacting effects 

Table 4 Results of multivariate logistic regression analysis of lower extremity MSDs

Variables B SE Wald Χ2 P value OR (95% CI)

Gender (refer to male) 0.289 0.067 18.588 <0.001 1.34 (1.17 to 1.52)

Age (years)

  18–25 20.286 <0.001

  26–35 0.114 0.100 1.303 0.256 1.12 (0.92 to 1.36)

  36–45 0.090 0.108 0.696 0.404 1.09 (0.89 to 1.35)

  >46 0.438 0.126 12.169 <0.001 1.55 (1.21 to 1.98)

Job experience (years)

  <5 13.280 0.004

  5–9 0.219 0.083 6.853 0.009 1.24 (1.06 to 1.47)

  10–14 0.267 0.086 9.620 0.002 1.31 (1.10 to 1.55)

  >15 0.291 0.088 10.858 0.001 1.34 (1.13 to 1.59)

BMI (kg/m2）
  <18.5 0.043 0.115 0.139 0.709 1.04 (0.83 to 1.31)

  18.5–23.9 10.185 0.017

  24–27.9 0.179 0.061 8.497 0.004 1.20 (1.06 to 1.35)

  >28 0.225 0.128 3.107 0.078 1.25 (0.98 to 1.61)

Long periods standing

  Seldom/never 26.673 <0.001

  Sometimes −0.018 0.098 0.035 0.852 0.98 (0.81 to 1.19)

  Often −0.004 0.099 0.001 0.970 1.00 (0.82 to 1.21)

  Almost always 0.307 0.100 9.490 0.002 1.36 (1.12 to 1.65)

Long periods sitting

  Seldom/never 10.598 0.014

  Sometimes 0.026 0.069 0.146 0.703 1.03 (0.90 to 1.18)

  Often 0.190 0.087 4.743 0.029 1.21 (1.02 to 1.44)

  Almost always 0.283 0.098 8.301 0.004 1.33 (1.10 to 1.61)

Long periods kneeling/squatting

  Seldom/never 29.677 <0.001

  Sometimes 0.120 0.069 3.073 0.080 1.13 (0.99 to 1.29)

  Often 0.218 0.086 6.517 0.011 1.24 (1.05 to 1.47)

  Almost always 0.523 0.099 28.144 <0.001 1.69 (1.39 to 2.05)

Long periods walking 0.153 0.057 7.222 0.007 1.17 (1.04 to 1.30)

Often lifting in uncomfortable positions 0.315 0.062 25.807 <0.001 1.37 (1.21 to 1.55)

Often lifting with one hand 0.269 0.060 19.911 <0.001 1.31 (1.16 to 1.47)

Often performing short, maximal force exertions 0.303 0.062 23.923 <0.001 1.36 (1.20 to 1.53)

Often working overtime 0.308 0.057 29.223 <0.001 1.36 (1.22 to 1.52)

Shift work 0.156 0.057 7.448 0.006 1.17 (1.05 to 1.31)

Having sufficient breaks −0.368 0.059 39.300 <0.001 0.70 (0.62 to 0.78)

Monotonous work 0.231 0.079 8.615 0.003 1.26 (1.08 to 1.47)

BMI, body mass index; MSDs, musculoskeletal disorders.
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of sitting and standing time, that is, within an 8- hour work 
day; an increased time in prolonged sitting would lead to a 
reduced time in standing/walking. In another way, MSDs 
in the lower extremities could lead to prolonged sitting 
because knee pain or other MSDs force the employee to 
sit. Hence, compared with ‘seldom/never’ sitting for long 
periods, the adjusted ORs of ‘often’ and ‘almost always’ 
sitting for long periods were 1.21 and 1.33, respectively. 
Prolonged sitting had been thought as an unhealthy way 
of working by many researches, which could lead to a 
range of health problems, including MSDs.34–36 With the 
development of mechanisation and intelligence, seden-
tary work in the manufacturing industry is increasing as 
well. The following musculoskeletal diseases should be of 
concern. Consistent with many previous studies,29 37 we 
found that prolonged squatting or kneeling might be a 
strong risk factor for lower extremity MSDs.

As in previous studies on lower extremity MSDs,29 37 
we found that often lifting heavy materials (≥5 kg) might 
increase the risk of low extremity MSDs, especially lifting 
objects ≥20 kg. Handling heavy materials means that 
lower extremities bear more biomechanical load. Factors 
related to manual material handling were also found to 
be risks, including often lifting in an uncomfortable posi-
tion, lifting with one hand and grasping/holding a heavy 
load. These factors would increase the difficulty of mate-
rial handling, and increase the force or make the force 
unbalanced which the lower extremities bore.

Many studies suggested that work organisation factors 
were associated with MSDs. Often working overtime was 
indicated to increase the risk of lower extremity MSDs in 
this study,38–41 which was reported in a previous study.42 
Working overtime means increased exposure time to 
various loads and cumulative trauma. Feeling breaks were 
sufficient was found as a protective factor. Enough rest 
means that fatigue or trauma can be alleviated to some 
extent. Among three factors of job control, a degree 
of decision- making was indicated a protective factor, 
including: can choose the start and end of a work day and 
can choose the time of a break, whereas often having to replace 
workmates was supposed a risk factor. Insufficient control 
over work hours and rest means that one cannot make 
appropriate adjustments based on their physical condi-
tion. On the other hand, it might also affect the psycho-
logical condition of workers, bring negative emotions and 
indirectly lead to MSDs.

This study had a few limitations. As a cross- sectional 
study, the causal inference between lower extremity 
MSDs and related risk factors cannot be made; therefore, 
further cohort studies are needed. When using the ques-
tionnaires as the assessment method, recall bias might also 
affect the results because the case was defined as having 
the symptoms in the past 12 months, which could bring 
a certain degree of misclassification. For the classification 
of biomechanical work exposures, the words never/seldom, 
sometimes, often and almost always were used to describe 
corresponding frequencies. These words describe quali-
tative data, not quantitative data, which makes it difficult 

to compare with other studies. Also, the interpretation of 
these words might be different among different partici-
pants. Quantitative or semiquantitative frequency descrip-
tion should instead be used in the future.

CONCLUSION
This study showed a high 12- month prevalence of lower 
extremity MSDs among Chinese manufacturing workers. 
Of the lower extremities, the knees had the highest 
disorder prevalence. Several significant lower extremity 
MSD risk factors of different types were identified through 
the multivariate logistic regression analysis. Those were 
demographic factors, that is, being female, old age, long 
job experience, high BMI; biomechanical factors, such 
as prolonged time sitting, standing, kneeling/squatting 
and walking, and force factors such as lifting in uncom-
fortable positions, one- handed lifting and quick maximal 
force exertions; and work organisation factors, such as 
working overtime, shift work, insufficient breaks and 
monotonous work.

Although these risk factors were not surprising, it is a 
strength that they all have been identified in the same 
study. This should improve the confidence in these risks, 
and it should support manufacturing plants to make deci-
sions, in a holistic way, that is, considering human capa-
bilities, technical solutions and organisational factors, 
find and implement solutions to reduce these risks, to 
improve the health of the workers.
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