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INTRODUCTION  

Musculoskeletal disorders are among the leading causes of functional limitation, work 

absenteeism, reduced productivity, and decreased quality of life worldwide, imposing a 

substantial burden on both individuals and healthcare systems (1-3). Work-related physical 

demands such as prolonged standing, repetitive movements, and heavy lifting are major 

contributors to the development of these disorders, particularly in industrial and service 

sectors. In addition to direct healthcare costs, musculoskeletal disorders also lead to indirect 

economic consequences, including reduced work efficiency, absenteeism, and workforce loss, 
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further increasing their societal impact (1,5). Therefore, the prevention and management of 

musculoskeletal disorders have become a priority for both developed and developing 

countries (2). 

Occupational risk factors vary across sectors and require detailed investigation. Workers 

in labor-intensive industries are particularly vulnerable due to exposure to ergonomic stressors 

such as repetitive tasks, awkward postures, and high physical workload. Similarly, workers in 

the service sector are exposed to prolonged static postures and ergonomic insufficiencies, 

which may lead to postural impairments and muscle fatigue. 

Gaziantep, located in southeastern Türkiye, is one of the country’s leading industrial 

and commercial centers, characterized by a high concentration of manufacturing and 

traditional food production sectors. In addition to organized industrial zones, traditional 

occupations such as bakery and baklava production involve physically demanding tasks 

including prolonged standing, repetitive movements, and manual handling of heavy materials. 

Previous studies conducted in Türkiye have reported a high prevalence of musculoskeletal 

complaints among workers exposed to such occupational conditions. Moreover, sector-

specific studies in Gaziantep have indicated that workers in traditional food production 

experience significant musculoskeletal pain due to inadequate ergonomic conditions (6). 

Despite the growing body of literature on occupational health, there is a lack of studies 

that comprehensively examine sector-specific risk factors and their effects on musculoskeletal 

health in both industrial and traditional food sectors within the same regional context. 

Identifying these sectoral differences is essential for developing targeted preventive and 

ergonomic interventions. Therefore, the aim of this study was to investigate the relationship 

between ergonomic risk factors, work environment conditions, and musculoskeletal pain 

among workers employed in organized industrial zones and the food sector in Gaziantep. It 

was hypothesized that (i) adverse work environment conditions and higher ergonomic risk 

exposure would be associated with increased musculoskeletal pain severity, and (ii) individual 

behavioral factors such as sleep duration would significantly influence pain outcomes among 

workers. 

METHODS 

Study Design 

This study was designed as a descriptive and correlational cross-sectional study to evaluate 

work-related factors associated with musculoskeletal pain among workers employed in 
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industrial and food sectors in Gaziantep, Türkiye. Independent variables included 

occupational workload, working posture, and ergonomic risk factors based on sector and job 

type. The primary dependent variable was musculoskeletal pain severity, assessed using the 

McGill Pain Questionnaire. Sleep duration was also recorded as a secondary variable due to 

its potential influence on pain outcomes. 

Participants 

The study included a total of 105 workers employed in industrial and food sectors in 

Gaziantep, Türkiye. Participants were recruited from textile, yarn, and dye factories within the 

industrial sector, as well as from traditional food production settings including baklava 

production, bakeries, and kebab establishments. 

The sampling strategy aimed to include workers exposed to high physical workload and 

ergonomic risk factors that may affect musculoskeletal health. Participants were selected on a 

voluntary basis from occupations characterized by prolonged standing, repetitive movements, 

and manual material handling.  

The sample size was determined based on feasibility and the availability of eligible 

participants within the selected occupational settings during the study period. In addition, the 

sample size was considered sufficient for multiple linear regression analysis, as it met the 

recommended ratio of at least 10–15 participants per predictor variable. 

Participants were recruited using a convenience sampling method from industrial 

workplaces and traditional food production settings in Gaziantep. Workplaces were contacted 

prior to data collection, and eligible workers were invited to participate on a voluntary basis. 

All participants who met the inclusion criteria and agreed to participate were included in the 

study. 

Inclusion Criteria 

Participants were included in the study if they met the following criteria: Being actively 

employed in industrial (yarn, textile, dye) or food sectors (bakery, baklava production, kebab) 

within the province of Gaziantep, aged between 18 and 60 years, having at least 6 months of 

work experience in their current occupation, voluntarily agreeing to participate in the study 

and providing written informed consent, having no acute health condition (recent 

musculoskeletal injuries, fractures or sprains, acute inflammatory conditions, infections or 

severe pain requiring medical intervention) that would prevent participation in physical 

assessments. 
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Exclusion Criteria 

Participants were excluded from the study if they met any of the following conditions: 

Being pregnant, having acute or chronic orthopedic, neurological, or cardiopulmonary 

conditions that could interfere with physical testing, having undergone major surgery within 

the last 3 months, being under clinical follow-up for sleep disorders, balance disorders, or 

musculoskeletal diseases, withdrawing voluntary participation during the assessment process, 

not actively working or leaving their job during the study period 

Outcome Measures 

The following validated assessment tool was used to evaluate musculoskeletal health 

and work-related risk factors: 

Rapid Entire Body Assessment (REBA):Applied to evaluate whole-body postural risk 

and ergonomic load during work activities. The REBA method evaluates whole-body postural 

risk by assessing the position of the trunk, neck, legs, and upper limbs, as well as factors such 

as load, repetition, and coupling. Individual body segment scores are combined using a 

standardized scoring system to obtain a final REBA score ranging from 1 to 15. Higher scores 

indicate greater ergonomic risk and a higher urgency for corrective intervention. The final 

scores are categorized into risk levels ranging from negligible to very high risk (7). 

Data Collection and Variables 

Data were collected using a structured form designed to capture demographic, 

occupational, ergonomic, and clinical characteristics of the participants.  

Demographic and occupational characteristics included industrial classification (sector), 

occupation, age, gender, body weight (kg), education level, and professional experience 

(months). In addition, work-related characteristics such as work shift (day, night, rotating), 

overtime work status, and weekly working hours were recorded. 

Lifestyle-related variables included smoking status and smoking duration (months), 

physical activity status, and dominant hand. 

Musculoskeletal health status was assessed by recording whether participants had 

previously received a medical report related to musculoskeletal disorders. 

Work-related physical exposure variables were evaluated based on self-reported 

occupational activities. These included: 

• Prolonged sitting 

• Continuous standing 
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• Tasks involving repetitive hand and wrist movements 

• Manual handling activities such as heavy lifting 

• Working without sufficient rest breaks 

• Repetitive pushing and pulling movements 

• Frequent bending and lifting activities 

• Trunk rotation movements 

• Working in awkward or difficult postures 

• Working in confined or restricted spaces 

Physiological measurements, including heart rate and peripheral oxygen saturation 

(SpO₂), were obtained under standardized resting conditions. Participants were seated for at 

least 5 minutes prior to measurement to ensure stabilization of physiological parameters, and 

measurements were performed using validated devices. 

Sleep and pain assessment included sleep duration (hours) and pain severity, which was 

evaluated using the McGill Pain Questionnaire.  

Sleep duration was assessed using a self-reported single-item measure. Although 

standardized sleep assessment tools offer a more comprehensive evaluation, a brief self-report 

approach was preferred due to the field-based nature of the study. This approach allowed for 

efficient data collection, minimized participant burden, and ensured feasibility in occupational 

environments with limited time availability. 

Work environment was assessed using a composite score derived from self-reported 

occupational exposure variables. These variables included prolonged standing, repetitive 

movements, manual handling tasks, awkward postures, insufficient rest breaks, and working 

in confined spaces. Each item was scored dichotomously (0 = no, 1 = yes), and the total score 

was calculated by summing the responses. Higher scores indicated poorer work environment 

conditions and greater exposure to ergonomic risk factors. 

Data Collection Procedure 

Data were collected through on-site assessments conducted in industrial workplaces and 

food production facilities in Gaziantep, Türkiye. Prior to data collection, all participants were 

informed about the purpose and procedures of the study, and written informed consent was 

obtained. Ethical approval for this study was obtained from the Non-Interventional Clinical 

Research Ethics Committee of Hasan Kalyoncu University. All procedures were conducted in 

accordance with the Declaration of Helsinki. 
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The research team visited predetermined workplaces, including textile, yarn, and dye 

factories, as well as traditional food production settings such as bakeries, baklava production 

facilities, and kebab establishments. Data collection was carried out in appropriate and safe 

environments within the workplace to ensure minimal disruption to work routines. 

All assessments were performed by trained researchers following standardized 

protocols. Initially, demographic, occupational, and lifestyle-related information was obtained 

using a structured questionnaire administered face-to-face. Subsequently, work-related 

physical exposure variables were recorded based on participants’ self-reports regarding their 

typical working conditions. Ergonomic risk was assessed using the REBA method through 

direct observation of working postures. Physiological measurements, including heart rate and 

oxygen saturation (SpO₂), were obtained using appropriate measurement devices under 

resting conditions. Sleep duration was recorded in hours based on participants’ self-reports. 

Musculoskeletal pain intensity was assessed using the McGill Pain Questionnaire (MPQ), a 

validated multidimensional instrument designed to evaluate the sensory, affective, and 

evaluative components of pain. The MPQ consists of a list of pain descriptors grouped into 

different subclasses, from which participants select the words that best describe their pain. 

Each descriptor is assigned a rank value, and the total score is calculated by summing the 

selected items, providing a measure of overall pain severity. 

The MPQ was administered through face-to-face interviews conducted by trained 

researchers. Standardized instructions were provided to ensure consistent understanding, and 

participants were asked to report their current pain experience at the time of assessment. 

Although all participants were invited to complete the full set of assessments, some data 

were missing due to incomplete responses, time limitations in workplace settings, or 

participants declining to answer specific items. In particular, the McGill Pain Questionnaire 

was not completed by all participants, as some individuals reported no current pain or did not 

wish to provide pain-related information. Therefore, analyses were performed based on 

available data, and sample sizes vary across variables. The McGill Pain Questionnaire was not 

completed by all participants, as some individuals reported no current pain or chose not to 

respond to the questionnaire. Consequently, pain-related analyses were conducted using the 

available data. 

Statistical Analysis 

All statistical analyses were performed using IBM SPSS Statistics software (version 

25.0; IBM Corp., Armonk, NY, USA). Descriptive statistics were presented as mean ± 



ISSN: 3108-6098 Volume 2, Issue 1 (2026) 42-56  
 

 

48 

standard deviation for continuous variables and frequency (n) and percentage (%) for 

categorical variables.  

The normality of continuous variables was assessed using appropriate statistical tests 

and visual inspection methods. As the data did not meet the assumptions of normal 

distribution, non-parametric methods were applied. Accordingly, Spearman’s rank correlation 

coefficient was used to examine the relationships between variables. The strength of 

correlations was interpreted based on the magnitude of the correlation coefficient (rho), with 

values of 0.00–0.19 indicating very weak, 0.20–0.39 weak, 0.40–0.59 moderate, 0.60–0.79 

strong, and 0.80–1.00 very strong correlations. 

The relationships between variables were analyzed using Spearman’s correlation 

coefficient. Multiple linear regression analysis was performed to determine independent 

predictors of pain severity (McGill Pain score). The overall regression model was statistically 

significant and explained a moderate proportion of the variance in musculoskeletal pain 

severity. The coefficient of determination (R²) and adjusted R² values are reported in the 

model summary table (Table 4). 

A p-value of <0.05 was considered statistically significant.  

RESULTS  

Table 1 presents the distribution of demographic and occupational characteristics. The 

majority of participants were male (80%) and worked predominantly in general trades 

(33.3%), followed by healthcare and cleaning sectors (14.3% each) (Table 1). Most 

participants had a high school level education (40%), and the majority worked daytime shifts 

(86.7%) (Table 1). 

In terms of occupational exposure, a high prevalence of ergonomic risk factors was 

observed (Table 1). Most participants reported repetitive hand and wrist movements (89.5%), 

bending and lifting activities (76.2%), prolonged standing (68.6%), and push–pull tasks 

(66.7%) (Table 1). Additionally, 65.7% of participants reported working without sufficient 

rest breaks (Table 1). Trunk-related movements (69.5%) and working in difficult postures 

(48.6%) were also commonly reported, while 38.1% of participants worked in confined 

spaces (Table 1). These findings indicate a substantial exposure to ergonomic risk factors 

among workers. 
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Table 1. Distribution of Demographic, Occupational, and Work-Related Characteristics 
 

Variable Category n (%) 
Industrial Sector General trades 35 (33.3)  

Healthcare 15 (14.3)  
Cleaning services 15 (14.3)  
Food 10 (9.5)  
Carpet factory 10 (9.5)  
Yarn factory 10 (9.5)  
Textile 10 (9.5) 

Gender Female 21 (20.0)  
Male 84 (80.0) 

Education Level Primary school 21 (20.0)  
Middle school 16 (15.2)  
High school 42 (40.0)  
University 22 (21.0)  
Postgraduate 4 (3.8) 

Work Shift Day shift 91 (86.7)  
Night shift 1 (1.0)  
Rotating shift 12 (11.4) 

Smoking Status Yes 58 (55.2)  
No 47 (44.8) 

Physical Activity Yes 27 (25.7)  
No 78 (74.3) 

Dominant Hand Right 94 (89.5)  
Left 11 (10.5) 

MSD-related Medical Report Yes 15 (14.3)  
No 90 (85.7) 

Work-Related Physical Exposure Prolonged sitting 32 (30.5)  
Prolonged standing 72 (68.6)  
Repetitive hand/wrist use 94 (89.5)  
Heavy lifting 48 (45.7)  
Working without breaks 69 (65.7)  
Push–pull activities 70 (66.7)  
Bending/lifting movements 80 (76.2)  
Trunk movements 73 (69.5)  
Difficult postures 51 (48.6)  
Confined spaces 40 (38.1) 
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Table 2. Descriptive Statistics of Study Variables 
 

Variable N Mean ± SD 

Age (years) 105 34.34 ± 10.03 

Professional Experience (months) 104 99.63 ± 78.73 

Body Weight (kg) 105 79.42 ± 13.77 

Weekly Working Hours 95 48.10 ± 12.78 

Smoking Duration (months) 58 166.19 ± 115.59 

Work Environment Score 104 6.05 ± 2.05 

Heart Rate (bpm) 105 87.74 ± 15.21 

SpO₂ (%) 105 94.24 ± 7.04 

REBA Score 104 7.08 ± 2.27 

Sleep Duration (hours) 102 6.99 ± 1.41 

McGill Pain Score 99 1.42 ± 1.53 

 
Table 2 presents the descriptive statistics of the study variables. The mean age of the 

participants was 34.34 ± 10.03 years, and the mean professional experience was 99.63 ± 78.73 

months. Participants reported working an average of 48.10 ± 12.78 hours per week. The 

average body weight was 79.42 ± 13.77 kg. 

The mean REBA score was 7.08 ± 2.27, indicating a moderate level of ergonomic risk. 

The mean work environment score was 6.05 ± 2.05. The average sleep duration was 6.99 ± 

1.41 hours, and the mean McGill Pain Score was 1.42 ± 1.53, suggesting generally low to 

moderate pain levels among participants. 

Physiological parameters showed that the average heart rate was 87.74 ± 15.21 bpm, 

and the mean oxygen saturation (SpO₂) was 94.24 ± 7.04%. Among smokers, the mean 

smoking duration was 166.19 ± 115.59 months (Table 2). 

Table 3. Spearman’s Rank Correlation Coefficients Among Study Variables 
 

Variable Age Experience 
(months) 

Weekly 
Working 
Hours 

Smoking 
Duration 
(months) 

Work 
Environment 

REBA 
Score 

Sleep 
Duration 
(hours) 

McGill 
Pain 
Score 

Age — 0.711** 0.264** 0.578** 0.048 0.228* -0.025 0.243* 
Experience 
(months) 

0.711** — 0.129 0.457** -0.002 0.142 -0.158 0.166 

Weekly 
Working 
Hours 

0.264** 0.129 — 0.146 0.034 0.298** -0.186 0.221* 

Smoking 
Duration 
(months) 

0.578** 0.457** 0.146 — -0.083 0.003 -0.071 0.260 

Work 
Environme

0.048 -0.002 0.034 -0.083 — 0.153 -0.088 0.455** 
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nt 
REBA 
Score 

0.228* 0.142 0.298** 0.003 0.153 — 0.061 0.114 

Sleep 
Duration 
(hours) 

-0.025 -0.158 -0.186 -0.071 -0.088 0.061 — -0.214* 

McGill 
Pain Score 

0.243* 0.166 0.221* 0.260 0.455** 0.114 -0.214* — 

*p < 0.05, *p < 0.01 (two-tailed). Values are Spearman’s rho 

 
Spearman’s correlation analysis results are presented in Table 3. Age was strongly 

correlated with professional experience (r = 0.711, p < 0.01) and moderately correlated with 

smoking duration (r = 0.578, p < 0.01) and weekly working hours (r = 0.264, p < 0.01). 

Regarding pain outcomes, McGill Pain Score showed a moderate positive correlation 

with work environment (r = 0.455, p < 0.01). Weak but significant positive correlations were 

also observed between pain and age (r = 0.243, p < 0.05) as well as weekly working hours (r = 

0.221, p < 0.05). In contrast, a significant negative correlation was found between sleep 

duration and pain (r = -0.214, p < 0.05), indicating that shorter sleep duration was associated 

with higher pain severity. 

REBA scores were positively correlated with weekly working hours (r = 0.298, p < 

0.01) and age (r = 0.228, p < 0.05). No significant associations were found between pain and 

REBA score, smoking duration, or professional experience (p > 0.05) (Table 3). 

Table 4. Multiple Linear Regression Analysis for McGill Pain Score (Model Summary Statistics, Including R² 
and Adjusted R², are Provided) 
 
Variable B Std. Error Beta t p-value 
Constant -1.528 1.716 — -0.891 0.376 
Age 0.041 0.022 0.263 1.904 0.060 
Gender 0.319 0.408 0.084 0.782 0.436 
Education 
Level 

0.166 0.153 0.120 1.088 0.280 

Professional 
Experience 
(months) 

0.000 0.002 -0.009 -0.069 0.945 

Smoking 
Status 

0.060 0.324 0.019 0.186 0.853 

Work 
Environment 

0.315 0.076 0.412 4.170 <0.001* 

REBA Score 0.031 0.068 0.045 0.457 0.649 
Sleep Duration 
(hours) 

-0.225 0.113 -0.194 -1.995 0.049* 

 

Table 3 presents the results of the Spearman’s correlation analysis. The overall model 

was statistically significant and explained a moderate proportion of the variance in 

musculoskeletal pain severity. The coefficient of determination (R²) and adjusted R² values 

are provided in the model summary.The analysis revealed that work environment (β = 0.412, 
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p < 0.001) and sleep duration (β = -0.194, p = 0.049) were significant predictors of pain. 

Poorer work environment conditions were associated with higher pain levels, whereas longer 

sleep duration was associated with lower pain severity. Other variables, including age, gender, 

education level, professional experience, smoking status, and REBA score, were not 

statistically significant predictors (p > 0.05) (Table 4). 

DISCUSSION  

The present study examined ergonomic risk factors, postural load, and their relationship 

with musculoskeletal pain among workers in different occupational sectors in Gaziantep. The 

findings indicate that musculoskeletal pain in this population is strongly influenced by 

occupational and behavioral factors, particularly work environment conditions and sleep 

duration, rather than by individual demographic characteristics alone. These results support 

the multifactorial nature of musculoskeletal disorders in occupational settings (16). 

A key finding of this study is the strong association between work environment and 

musculoskeletal pain. This finding is consistent with previous studies reporting that 

unfavorable ergonomic conditions, including repetitive movements, awkward postures, and 

insufficient rest breaks, are major contributors to musculoskeletal disorders (8,9). However, 

beyond confirming existing evidence, the present study suggests that the combined effect of 

multiple exposures may play a more critical role than individual risk factors alone. The high 

prevalence of repetitive movements, bending activities, and prolonged standing indicates that 

workers are subjected to sustained mechanical loading throughout the workday. Such 

cumulative exposure may lead to progressive tissue strain, increasing the likelihood of pain 

development over time (15). 

In this context, the work environment score used in the present study reflects the 

cumulative exposure to various ergonomic stressors, including repetitive tasks, awkward 

postures, manual handling, and insufficient rest periods. This composite structure provides a 

more comprehensive understanding of occupational risk compared to isolated measures. The 

strong relationship observed between work environment and pain may therefore be explained 

by the interaction and accumulation of multiple physical stressors rather than the effect of a 

single factor. 

Another important finding is the negative association between sleep duration and pain 

severity. This relationship highlights the role of recovery processes in occupational health. 

Workers exposed to high physical demands require adequate rest to restore musculoskeletal 

function, and insufficient sleep may impair this recovery process. As a result, fatigue may 
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accumulate, leading to increased vulnerability to pain. Previous literature has emphasized the 

bidirectional relationship between sleep and pain, suggesting that reduced sleep duration can 

increase pain sensitivity and decrease recovery capacity (9,10). In occupational settings, sleep 

deprivation has also been linked to increased fatigue, reduced performance, and higher injury 

risk (11). 

From a physiological perspective, repetitive mechanical loading and sustained postural 

stress may lead to micro-level tissue damage, local inflammation, and increased nociceptive 

input. Over time, these processes may contribute to central sensitization, resulting in 

amplified pain perception (12). In parallel, inadequate sleep may disrupt inflammatory 

regulation and impair endogenous pain modulation mechanisms. The interaction between 

these processes may explain why both occupational exposure and sleep duration emerged as 

significant predictors of pain in the present study. 

Interestingly, despite indicating a moderate level of ergonomic risk, REBA scores were 

not significantly associated with pain severity. This finding suggests that momentary postural 

assessments may not fully capture the complexity of long-term occupational exposure. While 

REBA is effective in evaluating posture at a specific time point, musculoskeletal pain is 

influenced by cumulative exposure, duration of activity, and individual susceptibility (12,14). 

This may explain why broader indicators, such as work environment, demonstrated stronger 

associations with pain outcomes than posture-based measures alone (14). 

The weak but significant relationships observed between pain, age, and weekly working 

hours further support the cumulative exposure hypothesis. Although these variables were not 

significant predictors in the regression model, they may contribute indirectly to pain through 

prolonged exposure to adverse working conditions. This is consistent with previous findings 

indicating that aging and extended working hours are associated with cumulative 

biomechanical stress and reduced tissue resilience (13,14). 

The high prevalence of ergonomic risk factors observed among participants also 

deserves attention. The majority of workers reported repetitive upper extremity use, bending 

movements, and insufficient rest breaks, indicating a consistently high level of physical 

demand across sectors. Such conditions are likely to lead to the accumulation of mechanical 

stress over time, increasing the risk of chronic musculoskeletal conditions (15). 

From a broader perspective, the findings of this study emphasize the importance of 

adopting a multidimensional approach in occupational health assessments. Musculoskeletal 

pain should not be viewed solely as a consequence of physical workload, but rather as the 

result of interactions between ergonomic, behavioral, and individual factors (16). In this 
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regard, factors such as sleep duration may play a critical role in modulating the effects of 

occupational exposure. 

Physiological measurements, including heart rate and peripheral oxygen saturation 

(SpO₂), were within normal clinical ranges, indicating that the study population did not 

exhibit significant systemic health impairments. The lack of association between these 

parameters and pain suggests that musculoskeletal symptoms in this cohort are more closely 

related to occupational exposures and recovery-related factors rather than general 

physiological status. 

Limitations of the Study 

This study has several limitations that should be considered when interpreting the 

findings. First, the cross-sectional design does not allow for causal inferences, and the 

observed associations should be interpreted as relationships rather than cause-and-effect 

mechanisms. Second, some variables were based on self-reported data, which may introduce 

recall bias and subjective variability. This is particularly relevant for measures such as sleep 

duration and occupational exposure, which may not fully reflect actual conditions. Third, the 

study was conducted in a single geographical region, which may limit the generalizability of 

the findings to other populations with different occupational structures or working conditions. 

Sleep was assessed using a self-reported single-item measure rather than a standardized 

questionnaire. Although this approach improved feasibility in field conditions, it may not 

capture the multidimensional aspects of sleep, such as quality, fragmentation, and circadian 

patterns. Therefore, the relationship between sleep and pain should be interpreted with 

caution. In addition, missing data for some variables resulted in varying sample sizes across 

analyses. This may have reduced statistical power and influenced the stability of certain 

findings. Future studies should aim to minimize missing data through more controlled data 

collection procedures. Although participants were recruited from different occupational 

sectors, comparative analyses between sectors were not conducted. This limits the ability to 

identify sector-specific risk profiles. Future research should include stratified or comparative 

analyses to better understand differences between occupational groups. Finally, ergonomic 

risk was assessed using observational methods such as REBA, which reflect postural risk at a 

specific time point. These tools may not fully capture cumulative exposure or long-term 

workload, which are important determinants of musculoskeletal pain. Future studies should 

incorporate longitudinal designs and objective exposure measurements to better evaluate these 

factors. 
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CONCLUSION  

In conclusion, the present study highlights that musculoskeletal pain among workers is 

influenced not only by ergonomic factors but also by broader occupational and behavioral 

determinants, particularly work environment conditions and sleep duration. These findings 

underscore the importance of adopting a multifactorial approach in occupational health 

interventions that integrates ergonomic improvements with strategies aimed at enhancing 

recovery and overall well-being. Future research should focus on longitudinal designs and 

sector-specific interventions to better understand causal relationships and to develop targeted, 

evidence-based prevention programs. 
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