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Abstract: Nurses who work in hospitals are exposed to various occupational hazards and are recog-
nized as having high rates of musculoskeletal pain. This study aims to estimate the level of exposure
to work-related hazards for nurses working in hospitals and derive factors that affect back pain,
upper limb pain, and lower limb pain. This study was conducted on 462 nurses from the 6th Korean
Working Condition Survey (KWCS) data, deriving exposure time related to physical, biochemical,
and ergonomic hazards. Also, using binomial logistic regression analysis, this study determines
the factors influencing musculoskeletal pain by comprehensively considering work-related factors
and physical, biochemical, and ergonomic hazards. The exposure time for standing is the highest,
followed by repetitive movements, awkward postures, patient lifting/carrying, infection, heavy
object handling, and vibration. The average exposure times to occupational hazards were higher
for nurses experiencing pain in their back, upper limbs, and lower limbs than those without pain
complaints. Factors that contribute to back pain include years of work experience (p = 0.002), type of
healthcare establishment (p = 0.001), exposure level to vibration (p = 0.029), and awkward posture
level (p < 0.001). Factors affecting upper limb pain include the type of shift work (p = 0.013), handling
heavy objects (p < 0.001), awkward postures (p = 0.033), and repetitive movements (p = 0.002). The
factors that influence lower limb pain are awkward posture (p = 0.001), patient lifting/carrying
(p = 0.002), and repetitive movements (p = 0.006). This study emphasizes the importance of imple-
menting strategies to improve occupational hazards to prevent or alleviate musculoskeletal pain.
These findings provide practical guidance for managing risk factors and preventing musculoskeletal
disorders among nursing professionals.

Keywords: musculoskeletal disorders; occupational hazards; back pain; upper limb pain; lower
limb pain

1. Introduction
1.1. Purpose of Study

The healthcare industry is labor-intensive, primarily focusing on diagnosing, treating,
and managing patients [1]. A nurse is a healthcare professional who is legally qualified to
monitor and record the patient’s health status and provide prescribed care and treatment
based on a doctor’s orders or specific nursing procedures [2]. Nursing services are essential
in the healthcare sector, and with the aging population, there is an increasing need for
nursing services in nursing homes and residential facilities [3].

Protecting healthcare workers’ health and safety improves productivity, job satisfac-
tion, and retention [4,5]. Nurses who have direct contact with patients are exposed to
various types of potential hazards. Assessing occupational risks for nurses helps prioritize
control measures. However, limited research has been conducted to analyze the extent of
workers’ exposure to various risk factors, including biochemical, physical, and ergonomic
hazards in specific occupations [6,7]. This study aims to investigate the level of exposure of
nursing professionals to various risk factors.

Appl. Sci. 2024, 14, 2468. https://doi.org/10.3390/app14062468 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14062468
https://doi.org/10.3390/app14062468
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-6777-6784
https://orcid.org/0000-0001-6837-1324
https://doi.org/10.3390/app14062468
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14062468?type=check_update&version=2


Appl. Sci. 2024, 14, 2468 2 of 13

While ergonomic risk factors present the closest association with musculoskeletal
pain [1,3,4,8], there is evidence that exposure to physical and chemical/biological hazards
is also related to pain [8]. There is a lack of research analyzing the priority and impact of
various risk factors on musculoskeletal pain, taking into consideration nurses’ job-related
characteristics, as well as the duration of exposure to these risk factors. This study aims to
investigate whether nurses are exposed to physical, biochemical, and ergonomic hazards
and to systematically analyze the priority and degree of impact of these risk factors on
musculoskeletal pain, taking into account workers’ characteristics and the exposure time to
these risk factors among workers with back pain, upper limb pain, and lower limb pain.

1.2. Theoretical Background
1.2.1. Occupational Hazards in Nurses

Nurses are exposed to biological risks such as infection from viruses, blood, and
bodily fluids, as well as chemical hazards like disinfectants, sterilizing agents, drugs, and
anesthetics that can cause skin and respiratory issues [8]. Healthcare workers are exposed to
physical risks such as noise and vibration [1,8]. Nurses commonly face various ergonomic
risk factors in their work, such as lifting patients, using machines to move objects, repetitive
actions, extreme postures, bending, twisting, and sudden movements [4,8–10]. These
ergonomic risk factors are known to contribute significantly to musculoskeletal pain [1,3,8].

1.2.2. Nurses and Musculoskeletal Pain

Despite technological advances, healthcare workers are recognized as one of the pro-
fessions with the highest prevalence of musculoskeletal disorders [11]. The musculoskeletal
pain experienced by nurses is influenced by worker-related characteristics such as age, gen-
der, years of service [4,12,13], ward, hospital size, workload [8,10,14,15], and shift work [16].
Research shows that women are more susceptible to musculoskeletal pain than men [14,17].
Musculoskeletal disorders in nurses are common in the back and upper extremities, includ-
ing shoulders, elbows, and hands, although reports also indicate a high prevalence in the
lower extremities, such as the knees and ankles [18].

2. Methods
2.1. Objective and Contents of Analysis

First, this study estimates the exposure time to hazards per day and conducts a mean
test to determine whether there is a difference between the average exposure time of each
hazard for nurses who report musculoskeletal pain and those who do not. Second, this
study aims to identify factors affecting musculoskeletal pain in nurses using binary logistic
regression. The analysis was conducted using the statistical package SPSS 18.0, with a
significance level of 0.05.

2.2. Data Collection and Subjects

This study analyzed data from the 6th Korean Working Conditions Survey (KWCS)
conducted by the Occupational Safety and Health Research Institute (OSHRI). The KWCS
questionnaire [19] was designed to be similar to the European Working Conditions Survey
(EWCS) questionnaire [20].

The raw data from the 6th Korean Working Conditions Survey, conducted in 2020, were
compiled from responses from 50,538 participants [19]. The total data were extracted from
respondents whose occupations were nurses and nursing assistants, and those working in
hospitals and clinics were included as subjects. The data correspond to the occupational
classifications of registered nurses and nurse aides based on the Korean Standard Occupa-
tional Classification [21]. Among these subjects, participants who did not answer questions
about study variables were excluded. After excluding male nurses who accounted for less
than 3% of the total subjects, a total of 462 female nurses were selected as research subjects.
These 462 female nurses were distributed across different types of institutions, with 230
(49.8%) working in hospitals and 232 (50.2%) in clinics. Regarding job roles, 277 (60.0%)
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were registered nurses, and 185 (40.0%) were nurse aides. Out of the 462 people, 68 (14.7%)
were in their 20s, 146 (31.6%) were in their 30s, 151 (32.7%) were in their 40s, and 97 (21.0%)
were 50 years old or above.

2.3. Research Variables

The study’s variables consisted of inquiries regarding worker characteristics, hazard
factors, and musculoskeletal pain from the KWCS questionnaire.

Worker characteristics were defined by the respondents’ job positions (registered
nurse, nurse aide), age groups (less than 40, 40s, 50 or older), years of service (less than
3 years, 3–6 years, 6 or more years), type of healthcare institution (clinic, hospital), weekly
working hours (less than 41 h, 41 h or more), and shift work patterns (day shift, daily
divided shift, fixed shift, rotating shift).

Hazard factors included physical hazards (vibration, noise, high temperature, low
temperature), biological and chemical (biochemical) hazards (fumes and dust, vapors,
skin contact with chemicals, tobacco smoke, infection), and ergonomic hazards (awkward
postures, heavy object handling, patient lifting/carrying, standing posture, sitting posture,
repetitive motion). The KWCS survey evaluated the levels of exposure to different hazard
factors by assigning scores based on the frequency of exposure. The questionnaire about
hazard factors was “Are you exposed at work to each hazard? Please tell me using the
following scale”. The scores ranged from 1 to 7 (“1: Never, 2: Almost never, 3: 1/4 time, 4:
1/2 time, 5: 3/4 time, 6: Most of the time, 7: Always”).

The variable to measure musculoskeletal pain included pain in the back, lower limbs,
or upper limbs. The questionnaire asked, “Have you experienced any pain in your back,
lower limbs, or upper limbs due to work in the past year?” with the answer options being
“yes” or “no”. Upper limb pain refers to pain in the shoulder, neck, elbow, wrist, and hand,
while lower limb pain is in the hips, legs, knees, and feet.

2.4. Estimation of Daily Exposure Times and Levels to Hazards

Since the daily working hours and working days may vary for different workers,
the daily exposure time for each risk factor was estimated as (daily exposure time) =
(weekly working hours/working days) X (exposure frequency score for the risk factor).
Exposure frequency scores for each risk factor were converted to weighted scores through
consultation with fellow researchers, with frequencies 5, 6, and 7 receiving a weight of 3/4,
4 weighted as a 1/2, 3 weighted as a 1/4, and 1 and 2 being assigned a weight of 0.1 [9,22].
Exposure levels were classified into three levels (less than 2 h, 2–4 h, and more than 4 h)
according to OSHA’s Caution Zone [23] and Hazard Zone [24] classification criteria.

2.5. Logistic Regression Analysis and Model Fit Test

This study conducts a binary logistic regression analysis to determine factors that
affect nurses’ musculoskeletal pain with back pain, upper limb pain, or lower limb pain
as dependent variables. The independent variables in the regression analysis include age,
occupation, work experience, working hours per week, type of healthcare establishment,
shift system, exposure levels to physical hazards (vibration, noise, high temperature, low
temperature), exposure levels to biochemical hazards (fumes and dust, vapors, skin contact
with chemicals, tobacco smoke, infection), and exposure levels to ergonomic hazards
(awkward postures, heavy object handling, patient lifting/carrying, standing posture,
sitting posture, repetitive motion).

The explanatory power of the binary logistic regression model for musculoskele-
tal pain was assessed using the Nagelkerke value. Model fit was evaluated using the
Hosmer–Lemeshow test’s χ2 and significance value. Prediction accuracy was expressed as
a percentage. The analysis was conducted using the backward Wald entry method.
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2.6. Reliability Analysis

Table 1 presents the results of the reliability analysis for survey items related to
physical, biochemical, and ergonomic hazards among independent variables. Cronbach’s
α value was used to analyze the internal consistency of these variables, and the ‘sitting
posture’ item among ergonomic hazards was removed.

Table 1. Results of reliability analysis for hazard factors.

Hazard Factors Initial Items Removed Item Final Items Cronbach’s Alpha

Physical hazards 4 0 4 0.831
Chemical hazards 5 0 5 0.706
Ergonomic hazards 6 Sitting posture 5 0.627

3. Results
3.1. Hazard Exposure Time

Table 2 displays the distribution of respondents’ exposure levels to physical, biochemi-
cal, and ergonomic hazards, along with the average exposure time. In Table 2, the exposure
time for standing posture is the highest, with an average of 4.276 h, followed by repetitive
movements (3.031 h), awkward postures (2.163 h), patient lifting/carrying (1.352 h), infec-
tion exposure (1.230 h), heavy object handling (1.124 h), and vibration (0.947 h). Overall,
exposure times to ergonomic hazards are significantly higher than those of biochemical
and physical hazards.

Table 2. Distribution and mean and standard deviation (SD) of hazard exposure time.

Factor Hazard
Exposure Time Exposure Time Distribution Ratio

Mean SD <2 h 2–4 h >4 h >2 h

Physical hazards

Vibration 0.947 0.699 93.9% 3.9% 2.2% 6.1%
Noise 0.894 0.564 95.5% 3.2% 1.3% 4.5%
High temperature 0.840 0.391 98.5% 0.6% 0.9% 1.5%
Low temperature 0.823 0.331 99.4% 0.6% 0.6%

Biological hazards

Fumes/dust 0.800 0.093 100.0% 0.0%
Vapor 0.808 0.180 99.6% 0.2% 0.2% 0.4%
Chemical contact 0.911 0.665 96.3% 2.2% 1.5% 3.7%
Tobacco smoke 0.812 0.259 99.8% 0.2% 0.2%
Infection 1.230 1.287 87.4% 5.8% 6.7% 12.6%

Ergonomic hazards

Awkward posture 2.163 1.961 60.6% 13.6% 25.8% 39.4%
Patient lifting 1.352 1.150 73.2% 20.6% 6.3% 26.8%
Load handling 1.124 0.963 85.3% 10.4% 4.3% 14.7%
Standing posture 4.276 1.900 12.8% 19.5% 67.7% 87.2%
Repetitive motion 3.031 2.321 45.9% 10.6% 43.5% 54.1%

According to Table 2, the highest ratio of exposure time for more than 2 h was for
standing posture at 87.2%, followed by repetitive motion at 54.1%, awkward postures at
39.4%, patient lifting/carrying at 26.8%, and heavy object handling at 26.8%. On the other
hand, among biochemical hazards, the proportion of nurses who complained of exposure
for more than 2 h was 12.6% for infection and 3.7% for contact with chemicals, and for
physical hazards, 6.1% for vibration, 4.5% for noise, and 1.5% for high temperature.

3.2. Musculoskeletal Pains and Exposure Times to Hazards
3.2.1. Comparison of Exposure Time to Hazards by Back Pain

Table 3 shows the mean comparison test results for exposure times of physical, chemi-
cal, or ergonomic hazards between nurses with and without back pain complaints.
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Table 3. Results of mean comparison test for exposure times of hazards between nurses with and
without back pain complaints.

Factor Hazard
No Pain Back Pain

p-Value
Mean SD Mean SD

Physical hazard

Vibration 0.9078 0.6142 1.0758 0.9141 0.028 *
Noise 0.8470 0.3782 1.0472 0.9289 0.001 *
High temperature 0.8175 0.2613 0.9108 0.6499 0.029 *
Low temperature 0.8050 0.1880 0.8829 0.5900 0.032 *

Biological hazard

Fumes/dust 0.7959 0.0792 0.8150 0.1281 0.062
Vapor 0.7993 0.1019 0.8352 0.3215 0.069
Chemical contact 0.8997 0.6271 0.9472 0.7790 0.516
Tobacco smoke 0.7988 0.0916 0.8536 0.5072 0.054
Infection 1.1628 1.1929 1.4455 1.5396 0.045 *

Ergonomic hazard

Awkward posture 1.8537 1.6819 3.1650 2.4229 <0.001 *
Patient lifting 1.2282 0.9596 1.7541 1.5579 <0.001 *
Load handling 1.0098 0.7079 1.4948 1.4635 <0.001 *
Standing posture 4.1645 1.8571 4.6368 2.0008 0.023 *
Repetitive motion 2.8401 2.2422 3.6489 2.4711 0.001 *

* significant at 0.05, SD = standard deviation.

During mean comparison tests for exposure times, it was observed that there were
significant differences in the exposure times for physical hazards such as vibration, noise,
and high and low temperatures between nurses who reported back pain and those who
did not. On average, nurses with back pain complaints had a higher exposure time to these
physical hazards compared to those without any back pain complaints. In addition, it was
found that there was a difference in the average between the groups of those complaining
of back pain and those not complaining about ergonomic hazards. The average exposure
time of those complaining of back pain in awkward postures, patient lifting/carrying,
heavy object handling, standing posture, and repetitive motion was higher than in those
without back pain. In the case of biochemical hazards, the only difference was in the
average exposure time for infection, with nurses with back pain complaints having a higher
average exposure time than those without complaints.

3.2.2. Comparison of Exposure Time to Hazards by Upper Limb Pain

Table 4 displays the results of the mean comparison test for exposure times of physical,
chemical, or ergonomic hazards between nurses with and without complaints of upper
limb pain.

In the case of physical hazards, the average exposure time to noise and low tempera-
ture was longer for nurses complaining of upper limb pain than for nurses not complaining.
The average exposure time to ergonomic hazards such as awkward posture, patient lift-
ing/carrying, handling heavy objects, and repetitive motion was longer for nurses who
complained of upper limb pain than for nurses who did not complain of pain. Regarding
biochemical hazards, only for smoke and dust did nurses complaining of upper extremity
pain have a longer average exposure time than nurses without complaints.

3.2.3. Comparison of Exposure Time to Hazards by Lower Limb Pain

Table 5 presents the results of the mean test for exposure times of physical, chemical,
or ergonomic hazards between nurses with and without complaints of lower limb pain.
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Table 4. Results of mean comparison test for exposure times of hazards by upper limb pain.

Factor Hazard
No Pain Upper Limb Pain

p-Value
Mean SD Mean SD

Physical hazard

Vibration 0.911 0.571 1.035 0.932 0.082
Noise 0.845 0.389 1.010 0.837 0.004 *
High temperature 0.817 0.273 0.893 0.580 0.058
Low temperature 0.804 0.197 0.870 0.526 0.047 *

Biological hazard

Fumes/dust 0.794 0.084 0.816 0.111 0.017 *
Vapor 0.807 0.208 0.809 0.084 0.919
Chemical contact 0.892 0.585 0.955 0.826 0.355
Tobacco smoke 0.810 0.301 0.816 0.111 0.800
Infection 1.162 1.127 1.391 1.597 0.080

Ergonomic hazard

Awkward posture 1.893 1.758 2.805 2.255 <0.001 *
Patient lifting 1.181 0.890 1.759 1.534 <0.001 *
Load handling 0.963 0.661 1.506 1.375 <0.001 *
Standing posture 4.210 1.872 4.433 1.963 0.249
Repetitive motion 2.770 2.252 3.649 2.374 <0.001 *

* significant at 0.05, SD = standard deviation.

Table 5. Results of mean comparison test for exposure times of hazards by lower limb pain.

Factor Hazard
No Pain Upper Limb Pain

p-Value
Mean SD Mean SD

Physical hazard

Vibration 0.915 0.649 1.105 0.894 0.028 *
Noise 0.840 0.338 1.156 1.114 <0.001 *
High temperature 0.818 0.260 0.943 0.747 0.010 *
Low temperature 0.812 0.246 0.879 0.590 0.101

Biological hazard

Fumes/dust 0.795 0.083 0.826 0.130 0.008 *
Vapor 0.807 0.193 0.813 0.089 0.767
Chemical contact 0.891 0.615 1.008 0.867 0.153
Tobacco smoke 0.811 0.282 0.813 0.089 0.953
Infection 1.145 1.120 1.637 1.854 0.002 *

Ergonomic hazard

Awkward posture 1.923 1.750 3.325 2.465 <0.001 *
Patient lifting/carrying 1.225 0.946 1.969 1.720 <0.001 *
Heavy load handling 1.048 0.823 1.495 1.412 <0.001 *
Standing posture 4.112 1.881 5.071 1.800 <0.001 *
Repetitive motion 2.804 2.241 4.133 2.398 <0.001 *

* significant at 0.05, SD = standard deviation.

Regarding physical hazards, there were differences in the average exposure times
for vibration, noise, and high temperature. Nurses with lower limb pain complaints had
longer average exposure times for these physical risk factors compared to those without
complaints. Nurses with lower limb pain complaints had higher average exposure times for
ergonomic risk factors such as awkward postures, patient lifting/carrying, handling heavy
objects, standing postures, and repetitive motion than those without complaints. In terms
of biochemical hazards, nurses who complained of lower limb pain had higher average
exposure times for fumes/dust and infection compared to those without complaints.

3.3. Factors Affecting Musculoskeletal Pains
3.3.1. Factors Affecting Back Pain

Table 6 provides back pain prevalence rates for different variable levels. The overall
prevalence of back pain was 19.0%. The back pain prevalence rate was higher for nurses
with over 6 years of work experience, those working in hospitals, and those exposed to
more than 4 h of vibration or poor posture.
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Table 6. Results of binary logistic regression analysis with back pain.

Variables
Prevalence

Rate (%) B p-Value OR
95% C.I. for OR

Lower Upper

Occupation 0.067
Nurses (ref) 19.1%

Nursing assistants 18.9% 0.522 0.067 1.685 0.964 2.947
Working experience (Years) 0.002 *

<3 (ref) 15.5%
3–6 13.6% −0.198 0.573 0.820 0.412 1.634
≥6 27.1% 0.809 0.010 * 2.245 1.218 4.136

Establishment type 0.001 *
Clinics (ref) 13.4%

Hospitals 24.8% 0.927 0.001 * 2.526 1.446 4.412
Vibration 0.029 *

<2 h (ref) 19.1%
2–4 h 5.6% −1.956 0.070 0.141 0.017 1.174
≥4 h 40.0% 1.433 0.052 4.192 0.987 17.813

Awkward posture <0.001 *
<2 h (ref) 13.9%

2–4 h 12.7% −0.029 0.945 0.971 0.420 2.247
≥4 h 34.5% 1.245 <0.001 * 3.473 2.034 5.931

Constants −2.852 <0.001 * 0.058

* significant at 0.05, ref = reference, OR = odds ratio, C.I. = confidence interval.

Table 6 presents the results of a binary logistic regression analysis with back pain as the
dependent variable. The analysis considered various independent variables, including age,
occupation, work experience, working hours per week, establishment type, shift system,
exposure levels to physical hazards (vibration, noise, high temperature, low temperature),
exposure levels to biochemical hazards (dust and fumes, vapor, skin contact with chemicals,
cigarette smoke, infection), and exposure levels to ergonomic hazards (awkward posture,
handling heavy objects, patient lifting/carrying, standing posture, sitting posture, repetitive
motion). The binary logistic regression model that investigated the factors affecting back
pain showed good explanatory power with a Nagelkerke value of 0.171. The model’s
goodness of fit was deemed adequate, as per the Hosmer–Lemeshow test (χ2 = 5.323,
significance value = 0.723), and it was able to predict with an accuracy of 82.7%.

The factors significantly associated with back pain included years of work experience
(p = 0.002), establishment type (p = 0.001), exposure level to vibration (p = 0.029), and
exposure to awkward posture (p < 0.001). Nurses with more than 6 years of work experience
were 2.239 times more likely to report back pain than those with less than 3 years of
experience. Hospital workers had a 2.245 times higher likelihood of reporting back pain
than those in clinics. Nurses exposed to awkward posture for more than 4 h were 3.473
times more likely to report back pain than those with less than 2 h.

3.3.2. Factors Affecting Upper Limb Pain

Table 7 displays the proportion of nurses experiencing pain in their upper limbs
for different variable levels, and the overall prevalence of upper limb pain was 26.0%.
Notably, upper limb pain prevalence rates were relatively higher for nurses with shifts and
those exposed to specific hazards for more than 2 h, such as repetitive motion or handling
heavy objects.
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Table 7. Results of binary logistic regression analysis with upper limb pain.

Variables
Prevalence

Rate (%) B p-Value OR
95% C.I. for OR

Lower Upper

Working experience (Years) 0.068
<3 (ref) 26.1%

3–6 20.1% −0.013 0.967 0.987 0.539 1.809
≥6 31.3% 0.554 0.057 1.739 0.983 3.078

Shift system 0.013 *
Day duty (ref) 21.3%

Daily split shifts 60.0% 1.568 0.129 4.796 0.633 36.358
Permanent shifts 41.4% 1.055 0.002 * 2.872 1.460 5.650

Rotating shifts 31.0% 0.248 0.423 1.281 0.699 2.347
Heavy load handling <0.001 *

<2 h (ref) 21.1%
2–4 h 47.9% 1.187 0.001 * 3.276 1.656 6.479
≥4 h 70.0% 1.977 <0.001 * 7.224 2.495 20.916

Standing posture 0.033 *
<2 h (ref) 25.4%

2–4 h 14.6% −1.061 0.020 * 0.346 0.141 0.847
≥4 h 29.1% −0.198 0.578 0.820 0.408 1.648

Repetitive motion <0.001 *
<2 h (ref) 17.0%

2–4 h 40.8% 1.430 <0.001 * 4.181 2.001 8.733
≥4 h 31.8% 0.634 0.017 * 1.885 1.122 3.165

Constant −2.072 <0.001 * 0.126

* significant at 0.05, ref = reference, OR = odds ratio, C.I. = confidence interval.

The binary logistic regression model with upper limb pain showed good explanatory
power (Nagelkerke value = 0.210). The Hosmer and Lemeshow test demonstrated a
satisfactory level of goodness of fit for the model (χ2 = 9.763, p = 0.282). Additionally, the
model had a high prediction accuracy of 79.7%. In Table 7, factors significantly associated
with upper limb pain included the type of shift work (p = 0.013), handling heavy objects
(p < 0.001), awkward posture (p = 0.033), and repetitive motion (p = 0.002).

Permanent shift nurses are 2.872 times more likely to experience upper limb pain than
day duty workers. In the case of manual handling of heavy objects, nurses exposed to it
for 2–4 h have a 3.276 times higher likelihood of experiencing upper limb pain than those
exposed for less than 2 h. Similarly, those exposed for 4 h or more have a 7.224 times higher
likelihood. Repetitive motion is linked with a 4.181 times higher likelihood of upper limb
pain in workers exposed for 2–4 h and a 1.885 times higher likelihood in those exposed for
4 h or more compared to workers exposed for less than 2 h. On the other hand, standing
posture is associated with a 2.890 (=1/0.346) times lower likelihood of upper limb pain in
workers exposed for 2–4 h as compared to those exposed for less than 2 h.

3.3.3. Factors Affecting Lower Limb Pain

Table 8 shows the percentage of nurses who experienced lower limb pain, and the
lower limb pain reporting rate was 15.2%. Table 7 suggests that exposure to noise, handling
heavy objects, and awkward postures for more than 4 h increases the likelihood of reporting
lower limb pain.

The binary logistic regression model on lower limb pain shows a satisfactory level of
explanatory power (Nagelkerke value = 0.241). Based on the Hosmer–Lemeshow test, the
model was appropriate (p = 0.963), and the model’s prediction accuracy was high (86.1%).

The factors that contribute to lower limb pain include awkward posture (p = 0.001),
patient lifting/carrying (p = 0.002), and repetitive motion (p = 0.006).
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Table 8. Results of binary logistic regression analysis with lower limb pain.

Variables
Prevalence

Rate (%) B p-Value OR
95% C.I. for OR

Lower Upper

Working hours/week 0.087
<41 (ref) 13.9%

≥41 17.1% 0.514 0.087 1.672 0.928 3.012
Noise 0.068

<2 h (ref) 13.6%
2–4 h 33.3% 0.291 0.658 1.338 0.369 4.851
≥4 h 83.3% 2.690 0.022 * 14.731 1.482 146.413

Awkward posture 0.001 *
<2 h (ref) 10.0%

2–4 h 6.3% −1.057 0.084 0.347 0.105 1.154
≥4 h 31.9% 0.926 0.003 * 2.523 1.360 4.681

Patient lifting/carrying 0.002 *
<2 h (ref) 10.4%

2–4 h 22.1% 0.938 0.006 * 2.555 1.307 4.996
≥4 h 48.3% 1.385 0.005 * 3.997 1.529 10.443

Repetitive motion 0.006 *
<2 h (ref) 7.5%

2–4 h 22.4% 1.358 0.003 * 3.887 1.581 9.558
≥4 h 21.4% 0.835 0.014 * 2.306 1.183 4.494

Constant −3.207 <0.001 * 0.040

* significant at 0.05, ref = reference, OR = odds ratio, C.I. = confidence interval.

Noise is associated with a 14.731 times higher likelihood of lower limb pain in nurses
exposed for 4 h or more compared to those exposed for less than 2 h. Awkward posture
is associated with a 2.523 times higher likelihood of lower limb pain in workers exposed
for 4 h or more compared to those exposed for less than 2 h. Patient lifting/carrying is
associated with a 2.555 times higher likelihood of lower limb pain in nurses exposed for
2–4 h and a 3.997 times higher likelihood in those exposed for 4 h or more compared
to workers exposed for less than 2 h. Repetitive motion is associated with a 3.887 times
higher likelihood of lower limb pain in nurses exposed for 2–4 h and a 2.306 times higher
likelihood in those exposed for 4 h or more compared to workers exposed for less than 2 h.

4. Discussion

The analysis of workplace hazards and their effects on employee health is important
in identifying common factors contributing to health and safety issues and in developing
effective prevention programs [1].

In this study, the most common area of nurses’ musculoskeletal pain was upper limb
pain at 26.0%, followed by back pain at 19.0% and lower limb pain at 15.2%. The highest
musculoskeletal pain among nurses was upper limb pain (26.0%), followed by back pain
(19.0%) and lower limb pain (15.2%). This is a different trend from the upper limb pain
(22.4%), lower limb pain (11.7%), and back pain (7.6%) of automobile assembly workers
in the manufacturing industry, and the pain complaint rate was found to be higher than
that of automobile assembly workers. On the other hand, the pain complaint rate among
nurses was lower than that of the construction industry. However, it showed a similar
trend in pain areas such as upper limb pain (30.2%), back pain (24.0%), and lower limb pain
(14.1%) in the construction industry. The results from estimating exposure time to hazards
in nursing indicate that the time spent in a standing posture is the highest, followed by
repetitive movements, awkward postures, patient lifting/carrying, infection, handling of
heavy loads, and vibrations. Common hazards that show differences in average exposure
time between the group complaining of back pain, upper limb, and lower limb pain and
the group not complaining of pain are noise, awkward posture, patient lifting/carrying,
handling heavy loads, and repetitive motions.
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A logistic regression analysis was performed to identify the factors that affect mus-
culoskeletal pain. Factors influencing upper limb pain included worker characteristics
such as rotating shift work and ergonomic factors like handling heavy loads, standing
posture, and repetitive motion. Handling heavy loads stood out as the most significant
factor, with employees exposed for more than 4 h having a 7.224 times higher likelihood
of reporting upper limb pain than those exposed for less than 2 h. This corresponds with
studies suggesting that exposure to handling heavy loads is associated with increased
upper limb pain in areas such as the neck and shoulders [25,26]. Repetitive movements
showed that employees exposed for 2–4 h had a 4.181 times higher likelihood of reporting
upper limb pain than those exposed for less than 2 h. This aligns with research suggesting
that increased exposure to repetitive movements is associated with higher levels of upper
limb pain [27,28]. Nurses exposed to a standing position for less than 2 h were 2.890 times
more likely to report upper limb pain than those exposed for 2 to 4 h. This is consistent
with research showing that lower exposure to standing positions in the nursing profession
generally leads to increased computer or upper limb tasks, which leads to increased upper
limb pain [29].

According to the logistic regression model analysis results, the factors influencing
back pain were identified as work experience and exposure level to awkward posture.
Nurses with more than 6 years of work experience had a 2.245 times higher likelihood of
complaining about back pain than those with less than 3 years of work experience. This
finding is consistent with previous research indicating that individuals with more extended
work experience are more prone to back pain [30,31]. Moreover, nurses working in hospitals
had a 2.526 times higher likelihood of reporting back pain than those working in clinics.
This corresponds with studies suggesting a higher prevalence of back pain among hospital
workers than clinic workers [32,33]. For an awkward posture, nurses exposed for more
than 4 h had a 3.473 times higher likelihood of reporting back pain than those exposed for
less than 2 h. This finding is consistent with research highlighting awkward posture as a
significant factor in low back pain [34–37].

Factors influencing lower limb pain included exposure level of awkward posture,
patient lifting/carrying, and repetitive movements. Specifically, awkward posture stood
out as a significant factor, with nurses exposed for more than 4 h having a 2.523 times
higher likelihood of reporting lower limb pain than those exposed for less than 2 h. This
aligns with research indicating that awkward postures, such as squatting, kneeling, or
bending during nursing tasks, can impose excessive load on the knees, leading to lower
limb pain [38]. Nurses exposed to patient lifting/carrying tasks for more than four hours
have a 3.997 times higher chance of reporting lower limb pain than those exposed for less
than two hours. This corresponds with studies suggesting that the load placed on the
lower limbs, including the knees, during patient lifting/carrying tasks contributes to lower
limb pain [38–40]. Repetitive movements showed that employees exposed for 2–4 h had a
3.887 times higher likelihood of reporting lower limb pain than those exposed for less than
2 h. This aligns with research indicating that increased exposure to repetitive movements is
associated with a higher incidence of lower limb pain [34,38].

5. Conclusions

The study has certain limitations that need to be taken into account. Firstly, the inves-
tigation relied on subjective surveys instead of medically validated factors directly related
to musculoskeletal disorders. This means that interpreting factors affecting musculoskele-
tal disorders in nursing professions needs to be undertaken with caution. Secondly, the
research only focused on nursing professionals working in hospitals and clinics, excluding
other healthcare settings such as public health centers, blood centers, nursing homes, and
home healthcare. Therefore, it is essential to be careful while generalizing the findings
to the nursing profession. Thirdly, the study did not explore the impact of psychosocial
factors on musculoskeletal pain. Future research is needed to investigate the influence of
psychological factors on musculoskeletal disorders. Fourth, the results of logistic regres-
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sion model analysis, which categorized the independent variable into three groups (e.g.,
<2 h, 2–4 h, ≥2 h for exposure), may differ when evaluated in two groups (2 h vs. ≥2 h).
Therefore, future research should consider the issue of overdispersion and conduct further
investigations to address it.

Nevertheless, this study holds significance in identifying the exposure levels of physi-
cal, biochemical, and ergonomic hazards that could affect musculoskeletal pain in nursing
professions. By considering both occupational factors and hazard exposures comprehen-
sively, the study derived factors influencing lower back pain, upper limb pain, and lower
limb pain. The findings are interpreted as providing practical assistance in managing risk
factors for preventing musculoskeletal pain in nursing professions. In the future, additional
research is needed to consider psychological factors in the context of musculoskeletal pain.
It is anticipated that such information will contribute to formulating future prevention and
improvement policies.
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