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Exposure to adverse ergonomic factors is associated with elevated risk of work-related musculoskeletal 
disorders (WMSDs) in medical personnel. We aimed to reveal how different adverse ergonomic factors 
act individually and in combination to influence the risk of WMSDs in medical personnel. From June 
2018 to December 2020, we applied multistage cluster random sampling to select a total of 6,099 
medical personnel from 54 hospitals in 12 cities in China. All participants were aged over 18 years and 
had at least one year of hospital working experience. The weighted quantile sum (WQS) model was 
employed to evaluate the effect of mixed exposures of multiple adverse ergonomic factors on the risk 
of WMSDs. Compared to a single factor, multiple adverse ergonomic factors significantly increased the 
risk of WMSDs across body parts, with an OR ranging from 2.83 (95% CI: 2.33, 3.43) to 6.92 (95% CI: 
4.91, 9.74). “Working in awkward positions” had the greatest impact on the risk of WMSDs in the neck, 
shoulder, upper back, and lower back, while “standing for prolonged periods of time” mostly affected 
the risk of WMSDs in the foot, leg, and knee. Compared with single factor exposure, mixed exposure 
resulted in a higher risk of WMSDs.
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Work-related musculoskeletal disorders (WMSDs) refer to a group of chronic cumulative diseases caused by 
adverse ergonomic factors including high intensity exertion, repetitive operation, and poor posture, as well as 
irrational labor organization process, and adverse social and psychosocial factors, which mainly involve injuries 
to muscles, tendons, bones, cartilage, ligaments, and nerves in occupational activities, with the diseases of pain, 
discomfort, and activity limitation1,2. Early identification, assessment, and control of adverse ergonomic factors 
are crucial to the prevention of WMSDs. Previous studies have shown that 39,000 healthcare workers in Europe 
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have experienced musculoskeletal pain3. The results of a systematic review of 36 observational studies showed 
that the prevalence of WMSDs in medical personnel is currently more than 75%4. The daily work of medical 
personnel is characterized by sedentary or long standing, high mental concentration, and manual operation, 
etc. Adverse ergonomic factors such as high-intensity exertion, prolonged sustained loading, frequent operation 
(repetitive exertion), poor posture, and protracted localized muscular tension may exist during the operation of 
medical devices and equipment, which lead to a high prevalence of WMSDs in all parts of the body5–7. In addition, 
healthcare workers often suffer from significant work-related stress and psychological burdens. Prolonged 
exposure to high-pressure environments may lead to chronic stress responses, further exacerbating muscle 
tension and fatigue8,9. Moreover, due to shift work and irregular working hours, sleep deprivation and poor 
sleep quality have become prevalent issues. Sleep deprivation not only impairs cognitive function and emotional 
regulation but may also reduce the body’s ability to recover, thereby increasing the risk of WMSDs10,11. Under 
such work characteristics, medical personnel are susceptible to WMSDs, resulting in cumulative strain and 
injuries to the relevant parts of the body12,13, making them a high-risk group for the development of WMSDs, 
second only to flight attendants14.

Existing studies have demonstrated that adverse ergonomic factors were associated with WMSDs in medical 
personnel. It is reported that higher rate of exposure to adverse ergonomic risk factors in those with WMSDs 
compared to those without WMSDs15. Vieira et al. conducted a systematic review of 32 observational studies 
on the association of exposure to adverse ergonomic risk factors with WMSDs in physical therapists and found 
that “repetitive tasks”, “working in fixed positions for long periods of time”, and “excessive surgical treatment of 
patients” were identified as the most common risk factors for WMSDs in hands and lower back16. Milhem et al.’s 
comprehensive narrative review of 13 studies on the relationship between adverse ergonomic factors exposure 
and WMSDs in medical personnel also demonstrated that adverse ergonomic factors such as “lifting”, “repetitive 
movements”, “long-term stationary posture”, and “heavy physical load” were the main risk factors for lower back 
pain17. An Australian study of 3,296 medical personnel also observed that “lifting or transferring heavy patients” 
was related to an increased risk of lower back diseases, and that “working in the same position for prolonged 
time” was associated with an elevated risk of upper back, lower back, and neck diseases18. A study in the UK 
involving 3,661 medical personnel also confirmed that “working in the same position for a long time” is the 
primary risk factor for back and lower limb pain, while “repeating the same task multiple times” is the major risk 
factor for upper limb WMSDs19.

Previous studies by our team have shown that adverse ergonomic factors including “working in awkward 
positions”, “repeating the operation many times per minute”, and “carrying more than 5 kg or 20kg heavy 
objects each time” were risk factors for WMSDs in medical personnel. However, it is still not clear how adverse 
ergonomic factors are related to the risk of developing WMSDs in various body parts of medical personnel, nor 
is it clear whether different levels of adverse ergonomic factors differentially affect the risk of developing WMSDs 
in different parts of the body. In addition, medical personnel may be exposed to multiple adverse ergonomic 
factors simultaneously during the course of their work, and thus the overall loadings of WMSDs depend on 
the level of exposure to these adverse ergonomic factors as well as the combination and characterization of the 
different adverse ergonomic factors. The WQS regression model can deal with high-dimensional data, preventing 
bias due to high correlations between many different adverse ergonomic factors, and thus avoiding the problems 
of overfitting and covariance, and can more effectively capture the relationship between the combined effects of 
mixed adverse ergonomic factor exposures and WMSDs20,21.

In the present study, a cross-sectional questionnaire survey was conducted among medical personnel in 
multi-city medical institutions in China to evaluate the associations between single and mixed exposures to 
multiple adverse ergonomic factors and the risk of WMSDs at different body parts, and to reveal how the 
different adverse ergonomic factors individually and in combination affect the occurrence of WMSDs, in order 
to provide the basis for the development of a multi-level and multi-angle strategy for the prevention and control 
of WMSDs.

Methods
Study population and design
For this study, we employed a multi-phase cluster sampling approach to recruit healthcare professionals from 
54 medical institutions nationwide (comprising 6 first-level hospitals, 17 secondary hospitals, and 31 tertiary 
hospitals), which ran from June 2018 to December 2020. Our study cohort encompassed participants aged over 
18, with a minimum of one year of professional experience in hospital settings across 12 diverse Chinese provinces 
and municipalities. Additionally, healthcare professionals suffering from congenital spinal malformations or 
musculoskeletal impairments stemming from non-occupational sources, including trauma, infectious disorders, 
and cancerous tumors were excluded from the study. A total of 6,766 hospital personnel who were on duty at 
the time of the survey were distributed questionnaires, of which 6,485 hospital personnel successfully filled out 
and submitted the questionnaires (with a response rate of 95.8%), and after further exclusion of non-medical 
personnel (e.g. administrative and logistics personnel), a final total of 6,099 medical personnel were included as 
the study population.

Ethical considerations
The study was designed and conducted in accordance with the tenets of the Declaration of Helsinki 1996 
(modified in 2013 at the 64th Assembly of the World Medical Association in Fortaleza, Brazil). All participants 
provided an written informed consent. Participants were informed that they could withdraw from the study 
at any stage of the interview. The proposal and questionnaire for this study were approved by the National 
Institute of Occupational Health and Poisoning Control, Chinese Centre for Disease Control and Prevention 
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(NIOHP202122). The present investigation was undertaken adhering to the stringent guidelines of the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) framework22.

Data collection
The study population’s prevalence of WMSDs and their exposure to pertinent ergonomic hazards over the 
preceding year were examined utilizing an electronically administered version of the Musculoskeletal Disorders 
Questionnaire, which had been adapted by the Institute of Occupational Health and Poison Control, affiliated 
with the Chinese Center for Disease Control and Prevention23. The questionnaire is derived from Nordic 
Musculoskeletal Questionnaires (NMQ)24 and Dutch Musculoskeletal Questionnaires (DMQ)25, and is divided 
into four sections including sociodemographic information, musculoskeletal diseases in different body parts, 
adverse ergonomic factors, and work organization factors. The questionnaire has been widely used in China 
and was shown to have excellent reliability (with Cronbach’s α coefficient of the questionnaire being 0.52–0.92) 
as well as structural validity (with the variances of common factors being greater than 0.4, explaining 55.17% 
of the total variance)26.The WMSDs were determined adopting the National Institute for Occupational Safety 
and Health (NIOSH) definition of the class of disorders in which the investigator experienced diseases of 
discomfort such as pain, stiffness, burning sensation, numbness, or tingling, and also met the following criteria: 
(1) discomfort has occurred within the past 1 year; (2) discomfort began after working at the current job; (3) no 
previous accidents or sudden injuries (affecting the localized area); (4) discomfort has occurred monthly or has 
lasted for more than 1 week.

Statistical analysis
A total of 6,099 questionnaire data were included in this study. Means ± standard deviations were used for 
continuous variables while counts and percentages for categorical variables. The association of individual 
adverse ergonomic factors with WMSDs was first analyzed using a multivariate logistic regression model. In the 
multivariate logistic regression model, adverse ergonomic factors (e.g., standing/sitting/kneeling for prolonged 
periods of time, working in awkward postures, using vibrator at work, carrying heavy objects, operate using 
hands or arms and repeating motions) were included as independent variables. The presence or absence of 
WMSDs at specific anatomical body sites (e.g., neck, shoulders, upper back, elbow, hands, lower back, legs, 
knees and feet) was defined as the binary dependent variable (yes/no), and the OR values and their 95% 
confidence intervals (CI) were applied to estimate the associations between adverse ergonomic factors and the 
risk of WMSDs. During the model construction process, we considered and adjusted for a range of potential 
confounders in the models, including sex (male and female), age, type of work (nurse, doctor, lab technician, 
and paramedic), body mass index (BMI, < 18.5, 18.5–23.9, and > 24 kg/m2), present work tenure (referring to 
the number of years of work from the current position, categorized as 1 to 5 years, 6 to 10 years, and more than 
11 years), working experience (referring to the total number of years of work from the date of starting the job, 
categorized as 1 to 5 years, 6 to 10 years, 11 to 15 years, and more than 16 years), educational attainment (high 
school or below, college, and postgraduate and beyond), marital status (unmarried, married, and widowed or 
separated), frequency of physical exercise (never, sometimes, 2–3 times monthly, 1–2 times weekly, and > 2 times 
weekly), and hospital level (primary, secondary, and tertiary).

The Weighted Quantile Sum (WQS) model was then used to estimate the joint effect of multiple adverse 
ergonomic factors on WMSDs, quantifying the relative contribution of different adverse ergonomic factors to 
WMSDs through a model weight index, thereby identifying the key adverse ergonomic factors that contribute 
to the occurrence of WMSDs at various body sites. In the WQS regression, all adverse ergonomic factors were 
simultaneously included as independent variables and corresponded to WMSDs at each anatomical site (as the 
dependent variable). A bootstrap resampling procedure with 1,000 iterations was implemented to obtain stable 
estimates of factor weights. In each iteration, the dataset was randomly partitioned into a training subset (40% 
of the data) to estimate variable weights and a validation subset (60% of the data) to mitigate overfitting. The 
weights assigned to each adverse ergonomic factor were proportional to their estimated contribution to the risk 
of WMSDs, and the sum of all weights equaled 1. The model analytically assumes linear and additive effects 
between the independent variables, based on the creation of an empirically weighted index (WQS index), and 
the WQS index is incorporated into the logistic regression model. The regression coefficient of the WQS index 
reflects the combined effect of all ergonomic factors on WMSDs risk20. The WQS regression model demonstrates 
good specificity and sufficient sensitivity in identifying predictive factors, particularly for highly correlated 
variables. It effectively mitigates the impact of high multicollinearity on conventional regression results, making 
it widely applicable in studies examining the effects of multiple exposure factors on health outcomes21,27.

In the sensitivity analyses of the WQS model, we started with the crude model (Model 1); then, added 
all covariates and adjusted the ratio of validation set to training set 50% vs. 50% (Model 2); finally, added all 
covariates and adjusted the ratio of validation set to training set 70% vs. 30% (Model 3).

Data were analyzed using R (version 4.4.0), and the WQS regression were used the R package “gWQS”, and all 
statistical analyses were two tailed, with a p-value of < 0.05 being considered a statistically significant difference.

Results
Characteristics of the study population
The summary of the fundamental attributes pertaining to the study’s participant is presented in Table 1, outlining 
their overarching characteristics. Out of 6,099 medical personnel, 76.2% (4650) of the participants were from 
tertiary hospitals. The mean age of our study population was (33.00 ± 8.37) years, with total number of females 
being 5,424 (88.90%). For BMI, the mean value was (22.40 ± 4.43) kg/m2, and 3,850 (63.10%) were in the normal 
BMI group. Among the medical personnel, 3,895 (63.90%), 1,709 (28.00%), 356 (5.84%), and 139 (2.28%) were 
nurses, doctors, paramedics, and lab technicians, respectively. Medical personnel with less than 15 years of 
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service accounted for 76.4% (4,660), and 63.5% (3,873) of the study participants had worked in their current 
position for less than 10 years. 95.6% of the study participants had a bachelor’s degree or above, 97.3% were 
married, and the majority of the medical personnel never or seldom participated in physical activity (n = 4,919, 
80.65%).

Association of individual adverse ergonomic factors with WMSDs at different body sites 
assessed by multivariate logistic regression model
Table S1 shows the association of individual adverse ergonomic factors exposures with the risk of WMSDs at 
different body sites. We observed that occasionally “standing for prolonged periods of time” was a protective 
factor for WMSDs in the neck (OR = 0.78, 95% CI: 0.64, 0.96), hands (OR = 0.67, 95% CI: 0.50, 0.91), shoulders 
(OR = 0.76, 95% CI: 0.62, 0.93), and upper back (OR = 0.70, 95% CI: 0.55, 0.88). However, frequently and very 
frequently “standing for prolonged periods of time” significantly increased the risk of WMSDs in the lower 

Characteristics N
Mean ± SD
Percent (%)

Age 6099 33.00 ± 8.37

Sex

 Male 675 11.10%

 Female 5424 88.90%

Height (m) 6099 1.63 ± 0.09

Weight (kg) 6099 59.40 ± 13.10

BMI (kg/m2) 6099 22.40 ± 4.43

 < 18.5 689 11.30%

 18.5–23.9 3850 63.10%

 ≥ 24.0 1560 25.60%

Type of work

 Lab technician 139 2.28%

 Doctor 1709 28.00%

 Nurse 3895 63.90%

 Paramedic 356 5.84%

Present work tenure (years)

 1–5 2044 33.50%

 6–10 1828 30.00%

 ≥ 11 2227 36.50%

Working experience (years)

 1–5 1702 27.90%

 6–10 1824 29.90%

 11–15 1136 18.60%

 ≥ 16 1437 23.60%

Education

 High school and below 265 4.40%

 College 5180 84.90%

 Postgraduate and above 654 10.70%

Marital status

 Unmarried 1881 30.80%

 Married 4102 67.30%

 Widowed or separated 116 1.90%

Frequency of physical exercise

 Never 2147 35.20%

 Sometimes 2772 45.45%

 2–3 times per month 253 4.15%

 1–2 times per week 538 8.82%

 > 2 times per week 389 6.38%

Hospital

 First-level 380 6.23%

 Secondary 1069 17.50%

 Tertiary 4650 76.20%

Table 1.  Basic characteristics of participants (n = 6099). BMI body mass index, SD standard deviation.
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back (OR frequently = 1.31, 95% CI: 1.04, 1.67; OR very frequently = 1.86, 95% CI: 1.47, 2.38), legs (OR frequently = 2.00, 
95% CI: 1.46, 2.82; OR very frequently = 2.92, 95% CI: 2.12, 4.11), knees (OR frequently = 2.02, 95% CI: 1.44, 2.09; OR 
very frequently = 3.25, 95% CI: 2.31, 4.67), and feet (OR frequently = 2.72, 95% CI: 1.90, 4.00; OR very frequently = 4.34, 
95% CI: 3.03, 6.39). In addition, “sitting for prolonged periods of time” (occasionally, frequently, very frequently) 
were protective factors for legs (OR occasionally = 0.74, 95% CI: 0.62, 0.87; OR frequently = 0.69, 95% CI: 0.56, 0.85; 
OR very frequently = 0.54, 95% CI: 0.42, 0.70), knees (OR occasionally = 0.75, 95% CI: 0.63, 0.90; OR frequently = 0.71, 
95% CI: 0.56, 0.88; OR very frequently = 0.63, 95% CI: 0.48, 0.82), and feet (OR occasionally = 0.74, 95% CI: 0.63, 0.87; 
OR frequently = 0.53, 95% CI: 0.42, 0.66; OR very frequently = 0.39, 95% CI: 0.29, 0.52). However, frequently and very 
frequently “sitting for prolonged periods of time” were associated with higher risk of WMSDs in the neck (OR 
frequently = 1.39, 95% CI: 1.18, 1.64; OR very frequently = 1.86, 95% CI: 1.54, 2.25), shoulders (OR frequently = 1.37, 95% 
CI: 1.16, 1.63; OR very frequently = 1.69, 95% CI: 1.39, 2.05), upper back (OR frequently = 1.28, 95% CI: 1.06, 1.55; OR 
very frequently = 1.37, 95% CI: 1.11, 1.70), and hands (OR very frequently = 1.35, 95% CI: 1.03, 1.77). The remaining 
adverse ergonomic factors such as “kneeling for prolonged periods of time”, “carrying more than 5 kg or 20 kg 
heavy objects each time”, and “operating using hands or arms”, “working in awkward positions”, “using vibrator at 
work”, and “repeating the operation many times per minute” were all risk factors for the development of WMSDs 
in various parts of the medical personnel, and the risk increased with the frequency of exposure (e.g., “working 
in awkward positions” was associated with WMSDs in the neck, OR occasionally = 1.76, 95% CI: 1.53, 2.03; OR 
frequently = 2.99, 95% CI: 2.54, 3.53; OR very frequently = 3.91, 95% CI: 3.17, 4.83, P− trend < 0.001, Fig. 1).

Associations between mixed exposures to multiple adverse ergonomic factors and WMSDs 
at different body sites evaluated by WQS model
Figure 2 demonstrates the results of the WQS regression analyses between mixed exposures to multiple adverse 
ergonomic factors and WMSDs in different body parts of medical personnel. The risk of WMSDs at different 
body sites was elevated when exposed to multiple adverse ergonomic factors in comparison to exposure to a 
single adverse ergonomic factor. Especially when exposed to multiple adverse ergonomic factors concurrently, 
the risk of developing WMSDs in the hand (ORmultiple = 6.92, 95% CI: 4.91, 9.74) was found to be higher in 
comparison to the risk of developing WMSDs in the hand when exposed to any of the adverse ergonomic factors 
individually (ORindivisual = 1.20, 95% CI: 1.00, 1.45 ~ ORindivisual = 5.15, 95% CI: 3.67, 7.41). Among the adverse 
ergonomic factors studied, we observed that “working in awkward positions” had the most prominent effect (the 
largest weight index) on the risk of WMSDs in the neck (weight index: 0.327), shoulders (weight index: 0.313), 
upper back (weight index: 0.262), and lower back (weight index: 0.262) (Fig.  3). “Carrying more than 20kg 
heavy objects each time” (weight index: 0.229) and “working in awkward positions” (weight index: 0.177) had 
the most evident effect on the risk of WMSDs in the elbows (Fig. 3). For hands WMSDs, “kneeling for prolonged 
periods of time” (weight index: 0.224), “carrying more than 20kg heavy objects each time” (weight index: 0.212) 
and “repeating the operation many times per minute” (weight index: 0.170) were the top three weighted risk 
factors (Fig. 3). “Standing for prolonged periods of time” had the greatest impact on the risk of WMSDs in the 
feet (weight index: 0.413), legs (weight index: 0.313), and knees (weight index: 0.251) (Fig. 3). The results of 
sensitivity analyses showed that exposure to a mixture of adverse ergonomic factors was significantly associated 
with an increased risk of WMSDs in different parts of the medical workforce in the crude model, which is similar 
to the results of the main analysis. For the sensitivity analyses that have adjusted the ratio of the training sets and 
validation sets of the WQS model also did not change the main findings of our study (Table S2 and Table S3).

Discussions
To the extent of our knowledge, this study pioneeringly investigates the relationship between mixed exposure to 
multiple adverse ergonomic factors and the likelihood of WMSDs affecting diverse body regions among medical 
personnel. Based on the results of our previous study assessing adverse ergonomic factors in association with 
the overall risk of WMSDs among medical personnel, the present study further evaluated the combined effects 
of various adverse ergonomic factors on WMSDs in various parts of the body, with a view to obtaining the 
proportion of risk factors contributing to WMSDs for the corresponding parts of the body in medical personnel, 
so as to target the implementation of risk level management and prevention strategies28. The findings of this 
study indicated that for medical personnel, as a high-risk group for WMSDs, exposure to adverse ergonomic 
factors is associated with the risk of WMSDs in various parts of the body, and the combined effect of multiple 
adverse ergonomic factors further increased the risk of WMSDs compared with the exposure to a single 
ergonomic risk factor. Therefore, we must pay attention to the combined effects of adverse ergonomic factors 
on WMSDs in various parts of the body among medical personnel in order to develop more scientific and 
reasonable ergonomic intervention strategies to prevent and reduce the disease burden of WMSDs.

In this study, the neck (41.7%), shoulder (33.5%), and lower back (26.3%) were the 3 sites with the highest 
prevalence rates among medical personnel, which is consistent with the results of a systematic review by Vieira 
et al. that included 32 studies on medical personnel and WMSDs16, suggesting that medical personnel perform 
their daily medical tasks with a variety of poor postures and work patterns that result in the higher burden on 
the neck, shoulders, and lower back. We found that “kneeling for prolonged periods of time”, “carrying more 
than 5–20 kg heavy objects each time”, “operating using hands or arms”, “working in awkward positions”, “using 
vibrator at work”, and “repeating the operation many times per minute” were all associated with an increased 
risk of WMSDs at different body sites of the medical personnel. Cromie et al. also suggested that “lifting or heavy 
loads”, “repetitive motion”, and “fatigue or painful poor posture” were the most important risk factors for the 
development of WMSDs in medical personnel18. In a series of previous studies, adverse ergonomic factors such 
as “working in awkward positions”29, “repetitive operations”30, “hand or arm manipulation to handle work”31, 
“using vibrators”32, and “kneeling for prolonged periods of time”33 were positively associated with the risk of 
WMSDs in medical personnel, which were all consistent with our findings, suggesting that exposure to adverse 
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ergonomic factors has a significant impact on the occurrence of WMSDs in medical personnel, and that we 
need to reduce the risk of WMSDs in medical personnel by improving the work environment, optimizing work 
processes, and taking the necessary preventive measures. Notably, “sitting for prolonged periods of time” was a 
pronounced risk factor for the neck, shoulders, upper back, and hands; however, it was protective for the legs, 
knees, and feet, i.e., it reduced the risk of WMSDs in these body parts. Moreover, frequently and very frequently 
“standing for prolonged periods of time” significantly increased the risk for the lower back, legs, knees, and feet; 

Fig. 1.  Adjusted odds ratios [ORs (95% CI)] for associations between “working in awkward positions” and the 
risk of work-related musculoskeletal disorders in different body parts.
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however, occasionally “standing for prolonged periods of time” was inversely associated with the risk of WMSDs 
in the neck, shoulders, upper back, and hands. Similar to our results, Wang et al. also found that “standing for 
prolonged periods of time” was a protective factor for the neck, shoulder, and upper back WMSDs (OR = 0.77, 
95% CI: 0.65, 0.91) in manufacturing workers34, suggesting that alternating between different positions may 
reduce the fatigue of the musculoskeletal system caused by keeping the same position for long hours. Some 
studies have also found that alternating between sitting and standing can maintain spinal rigidity by cyclically 
altering lumbar spine loading and reducing the creep effect of passive connective tissues (e.g., intervertebral 
discs, ligaments) compared to prolonged sitting and standing. Alternating between sitting and standing also 

Fig. 3.  WQS regression model index weights for adverse ergonomic factors and work-related musculoskeletal 
disorders.

 

Fig. 2.  Adjusted odds ratio [OR (95% CI)] between mixture exposure on adverse ergonomic factors and the 
risk of work-related musculoskeletal disorders among all medical staff from WQS regression model.
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reduces muscle fatigue by decreasing the continuous activation of the lumbar stabilizing muscles, which can 
significantly reduce lower back discomfort. Changes in work posture can also improve local circulation, reduce 
lactic acid buildup and metabolic waste retention, and may also indirectly reduce the risk of musculoskeletal 
injury35,36. Therefore, appropriate shifts between sitting and standing postures during work may be effective in 
reducing the risk of developing WMSDs.

We also observed significant positive associations between mixed exposure to multiple adverse ergonomic 
factors and WMSDs at different body sites, and the ORs of the joint effect were all greater than the ORs of the 
individual adverse ergonomic factors on the risk of WMSDs at different body sites, indicating that when medical 
personnel were simultaneously exposed to multiple adverse ergonomic factors, the risk of WMSDs in each part 
of the body was significantly higher than that when exposed alone. The possible biomechanical mechanisms for 
the synergistic effect of multiple adverse ergonomic factors may include awkward postures (e.g., trunk flexion, 
wrist deviation) which act as biomechanical catalysts alter joint kinematics and increase compressive/shear 
forces on connective tissue37. For example, sustained flexion of the lumbar region while lifting a patient decreases 
disc hydration and weakens the passive stability of the spine38. These changes create a biomechanical “baseline 
vulnerability” that lowers the threshold for injury when combined with other stressors. Repetitive motion and 
fatigue accumulation repetitive tasks place cyclical loads on muscles and tendons, depleting metabolic reserves 
and impairing tissue repair39. When superimposed with awkward postures, repetitive movements can exacerbate 
muscle loading. For example, repetitive shoulder abduction with cervical rotation may simultaneously overload 
the rotator cuff and cervical erector spinae muscles, leading to synergistic fatigue40. Prolonged static muscle 
contractions (e.g., standing during surgery, gripping instruments) compromise blood flow, causing ischemia-
reperfusion injury and metabolic waste accumulation41. This ischemia weakens tissue toughness and makes 
tendons and discs more susceptible to damage from concurrent dynamic loading (e.g., transferring patients)42.

We identified the major adverse ergonomic factors that contribute the most to the risk of developing WMSDs 
at different body sites, such as “working in awkward positions”, which had the most significant effect (the highest 
weight index) on the risk of WMSDs in the neck (weights: 0.327), shoulders (weights: 0.313), upper back (weights: 
0.262), and lower back (weights: 0.262). This could potentially be attributed to medical personnel performing 
tasks such as surgeries or sedentary work involving typing on computers and writing medical records for long 
hours. Uncomfortable postures may lead to stiffness and compression of the skeletal and muscular regions, 
resulting in pain and discomfort43. In addition, prolonged periods of fixed postures may also increase the loads 
on the muscles around the joints, which may lead to pain in the joints and muscles44. A systematic review of 
25 studies on computer users showed that computer use for long hours significantly increased the risk of neck, 
shoulder, upper back, and lower back disorders45. In addition, a study of 928 Chinese medical personnel found 
that “working in awkward positions” was correlated with the elevated risk of WMSDs in the neck, shoulders, 
and back46. The article by Gupta et al. mentioned that when working in awkward positions, the body’s position 
is significantly shifted away from neutral, with the thighs parallel to the floor when seated, and that tilting 
causes the pelvis to move backward, flattening the lumbar curve, while at the same time the head naturally 
tilts forward when performing delicate manipulations with the hands (e.g., surgery), which in turn leads to an 
increase in muscle tension in the neck and shoulders, and an elevation of intervertebral disc pressures, which 
in turn accelerated wear and tear on the vertebrae, discs, muscles, and ligaments, which is why WMSDs mainly 
occurs in the neck and back47,48. The adoption of correct working postures or use of ergonomic musculoskeletal 
support systems (e.g., use of assistive mobility devices and supportive devices), as well as interventions with 
organizational factors (e.g., appropriate rest after work, rational workload planning), are of practical significance 
in reducing WMSDs in medical personnel49,50. Additionally, the available evidence suggested that physical 
activity and exercise is a low side effects intervention, and in particular regular aerobic exercise (e.g., swimming, 
walking) has a wide range of benefits for chronic neck, shoulder, and low back pain, improving pain severity and 
physical functioning, as well as consequent quality of life51. Furthermore, the use of spinal manipulative therapy 
(SMT) and mobilization (MOB) can also be effective in relieving low back and neck pain52.

Our results indicated that “carrying more than 20kg heavy objects each time” (weight index: 0.229), “working 
in awkward positions” (weight index: 0.177) and “repeating the operation many times per minute” (weights: 
0.136) were risk factors that have a greater impact on the risk of developing WMSDs in the elbow. Zhou et al.’s 
study on elbow WMSDs also suggested that “lifting heavy objects (more than 20 kg each time)”, “working in 
awkward positions” and “repetitive operations” were risk factors for WMSDs in the elbow53, which is consistent 
with our findings. In this study, “kneeling for prolonged periods of time” was the most heavily weighted risk 
factor for the WMSDs in the hand, probably because medical personnel are required to kneel or squat when 
changing medications, giving injections, taking biological samples, or performing cardiac compressions at 
the bedside, where the other joint muscles are relatively immobilized, and the manipulation and pressure are 
concentrated in the hand54,55. “Standing for prolonged periods of time” was the risk factor that has the greatest 
impact on the risk of developing WMSDs in the legs (weights: 0.313), knees (weights: 0.251), and feet (weights: 
0.413), probably due to the need for medical personnel to remain in a standing position or walking for long 
periods of time, which may lead to overuse of the muscles of the hips, knees, ankles, and peripheral joints, 
thereby resulted in injuries56. Meanwhile, Coggon et al. indicated that when medical personnel moved heavy 
objects (patients), the forces were concentrated in the hip and knee joints, and the increased forces on these 
joints also increase the risk of WMSDs in the lower extremities57.

The National Plan for Prevention and Control of Occupational Diseases in China from 2021 to 2025 suggested 
that given the difficulty of preventing and controlling occupational and work-related diseases in China, and that 
diseases such as WMSDs are becoming increasingly serious, thus cutting-edge basic research and research on 
key technologies for prevention, diagnosis, as well as treatment and rehabilitation are warranted58. The Action 
for a Healthy China from 2019 to 2030 also proposed to prevent and control the occurrence of WMSDs through 
measures such as the promotion of advanced process technologies and the adjustment of work and rest schedules. 
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Since WMSDs have been recently included in China’s catalog of occupational diseases on December 16, 2024, it 
is particularly urgent to conduct in-depth research on WMSDs to identify their risk factors, establish diagnostic 
criteria, explore effective treatments, and develop preventive measures59. Given that medical personnel are a 
large occupational group in China, and their prevalence of WMSDs is second only to that of flight attendants, the 
prevention, diagnose, and treatment of WMSDs should not be ignored. To address this challenge, the first task is 
to systematically identify and assess the adverse ergonomic factors that contribute to the risk of WMSDs among 
medical personnel, and to develop relevant training programs for high-risk groups such as medical personnel 
to raise their awareness and attention to WMSDs. At the same time, medical institutions should be committed 
to improving the working environment of medical personnel, such as optimizing the work layout and adjusting 
the workflow to reduce the exposure to ergonomic factors. In addition, the active promotion and application 
of ergonomic medical equipment and devices is an important measure to alleviate the musculoskeletal loads 
of medical personnel during long working hours. Specifically, in our study, it was found that poor working 
posture was the factor that caused the greatest impact on the neck, shoulders, and back. Poor posture mainly 
involves the caregivers to move the patients, they should be as close as possible to the body, keep the waist 
straight, assisting the patients to walk should be close to the body to assist in the movement and to minimize 
the occurrence of twisted posture of the neck, shoulders, and back. Secondly, the patient’s bedside examination 
(such as ultrasound), biological sample collection, and dressing change, the examination should be as close 
as possible to the examination bed to avoid back bending. Surgical procedures with delicate manipulation 
should be in a sitting position as much as possible to provide elbow and arm support. Thirdly, carrying heavy 
objects has a high impact on the elbow, which can be assisted by training and exoskeleton systems to reduce 
the gravity load on the elbow. For hand WMSDs, “kneeling for prolonged periods of time”, “carrying heavy 
objects over 20 kg”, and “repeating the operation many times per minute” had the greatest hazard weights. The 
ergonomic musculoskeletal support system such as assisted exertion devices and the use of support devices as 
well as the intervention of organizational factors such as work breaks, and planning the workload methodically 
are of practical importance. “Prolonged standing” had the greatest impact on WMSDs in all parts of the lower 
quadrants, which suggested that medical staff should alternate positions on different work surfaces, such as 
sitting and standing, in order to minimize the loads formed by standing work on all parts of the lower quadrants 
and thus reduce the occurrence of WMSDs on the lower body parts.

The present study has some limitations. First, the cross-sectional questionnaire survey was used in this 
study, which may be subject to recall bias concerning the exposure of adverse ergonomic factors and the risk 
of WMSDs, and the strength of the argument for a causal relationship between adverse ergonomic factors and 
WMSDs was insufficient. Second, despite efforts to ensure representativeness (e.g., stratified cluster sampling), 
potential selection bias may still exist due to non-response. Moreover, according to the National Bureau of 
Statistics of China, women make up the majority of medical personnel in China (more than 80%), which leads 
to the high proportion of female respondents in our study, thereby limits the generalizability of results across 
genders, particularly given potential sex-based differences in symptom reporting and ergonomic exposures. 
Third, the study population was confined to healthcare workers in China; thus, findings may not extend to 
other occupational groups (e.g., industrial or agricultural workers). Moreover, although many potential 
confounders were accounted for in our analyses, we cannot rule out the possibility of residual confounding, 
such as psychosocial stress and sleep deprivation. Despite these limitations, our findings provide robust evidence 
on the role of ergonomic exposures in WMSDs, particularly in identifying key modifiable risk factors for 
targeted workplace interventions. In the follow-up study, multidisciplinary integration (such as ergonomics, 
biomechanics, physiology, etc.) can be considered to conduct in-depth researches on the pathogenesis of 
WMSDs, so as to provide more scientific basis for the development of effective prevention and control strategies 
in the future.

Conclusions
Our findings suggested that the prevalence of WMSDs among medical personnel was jointly influenced by 
multiple adverse ergonomic factors, and that mixed exposure to multiple adverse ergonomic factors would 
further increase the risk of WMSDs at various body sites compared with exposure to a single adverse ergonomic 
factor. Our results provided a scientific basis for multi-level and multi-angle development of WMSDs prevention 
and control strategies for medical personnel, and suggested that hospital management should strengthen the 
occupational health protection of medical personnel and reduce the risk of WMSDs among medical personnel 
by carrying out ergonomics related training programs, optimizing the working environment, promoting the use 
of ergonomic equipment, and arranging the working hours and intensity reasonably.

Data availability
The data that support the findings of this study are available by email wuchuansha@wust.edu.cn upon reasonable 
request.
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