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Abstract

:

This paper proposes a mixed ergonomic tool analysis algorithm to prioritize work-related musculoskeletal problems. This study is a cross-sectional study assessing the prevalence of work-related musculoskeletal disorders (WMSDs) with associated risk factors among 14 male mango-harvesting farmers (all right-handed) with the mean age of 52.28 ± 7.75 years. Four tasks following mango-harvesting processes were analyzed: (1) mango harvesting, (2) mango transporting, (3) mango size sorting, and (4) mango weighing and transporting to the truck. The perceived physical exertion while working on a mango-harvesting farm was based on the Borg CR-10 with a modified Standardized Nordic Questionnaire. Physical risk level due to awkward posture was evaluated by the Rapid Upper Limb Assessment (RULA), and risk due to whole-body posture in association with the level of WMSDs risk was evaluated by the Rapid Entire Body Assessment (REBA) score sheets. The subjective feelings of fatigue and posture analysis were normalized and combined using the theorem of power superposition to establish the fatigue effective index (FEI) for determining priorities to solve ergonomics-based task problems. This study indicated clearly that WMSDs are highly prevalent in mango-harvesting farmers, whereas the highest prevalence of WMSDs was reported in the right shoulder, right upper arm and lower back. The result provided the FEI of mango-harvesting farmers, ranked as follows: (1) size-sorting task, (2) weight-lifting task, (3) harvesting task, and (4) transporting task. The authors concluded that mango size sorting should be the first task to be improved to resolve the muscle fatigue problems among male mango-harvesting farmers.
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1. Introduction


Worldwide, problems with symptoms and disorders of the musculoskeletal system are becoming common among the working population [1]. Thailand has laws governing the safety of workers in the workplace [2]. Nevertheless, a study of investments in safety in Thailand found that industrial enterprises invested an average of USD 1397 per person in work safety. If unsafe circumstances occur at work, this investment can reduce costs by USD 3278 per year, or 2.35 times the investment [3]. However, the agricultural sector does not appear to have such an investment. Many studies investigated how to ensure occupational safety for agriculture workers [1,4,5,6,7,8]. Most studies explored the conditions of work-related musculoskeletal disorders (WMSDs) and supported the development of innovation. Moreover, the problem analysis of WMSDs in most studies focused on a specific task, analyzed the problem, and investigated the solution [9,10].



Each workplace has multiple tasks/workstations, and each task/workstation has various types of risk factors for WMSDs, including the individual factors, such as age, weight, height, gender, levels of individual physical conditioning and ongoing medical conditions, such as diabetes or rheumatoid arthritis, professional activities, sport activities, domestic activities, recreational activities, alcohol/tobacco, consumption, and, previous WMSDs. The organizational factors include poor communication, lack of influence or control over one’s job. The physical factors include awkward postures, repetitive work, forceful exertions, hand arm vibration, all-body vibration, mechanical compression, cold, force of movements. The psychosocial factors include job strain, social support at work, monotony work, rest cycle, task demands, social support, and job dissatisfaction [11,12,13,14,15,16,17].



Thailand is exposed to high risks of WMSDs in the neck, forearms, hands, and lower back critical areas of the body with high exposure to motion repetition, force, and extreme postures [17,18]. The study of Hasheminejad et al. [19] revealed a high prevalence of WMSDs of pistachio farmers and various related risk factors for elderly farmers among agricultural workers in Iran [20]. Some common WMSDs in fruit harvesting include repetitive movements, strains of the upper limbs, stooping, working hours, work experience, and worker age [1,21,22,23].



This reality makes the prioritization of problem solving more complex. Conceptual research frameworks covering all aspects of work, such as healthcare professional service (B-T Kart et al.) [9], have been presented. The input transformation and output models of healthcare professional performance are defined as performance-development systems, which use the conceptual research framework as performance-based input transformation processes and performance output variables. In this way, the effects of these models are illustrated, and new treatments can be formulated to reduce the impact of injuries on the muscles. However, there is also a concept that does not involve implementing process methodology to sort the risk level of employee safety or classify the problem level. Abdul Aziz et al. [24] proposed a web-based ergonomic assessment system (W-BEAS) for prioritizing critical WMSD risk factors using the analytic hierarchy structure (AHP) model, and Suarez Sanchez et al. [25] proposed using the K-nearest neighbor (KNN) technique for the classification of workers according to their risk of suffering musculoskeletal disorders. However, both techniques require a complicated procedure to operate with risk-factor conditions.



As schematized in this paper, as shown in Figure 1, the work of harvesting mangoes on a farm consists of four tasks. Each task is at risk of causing musculoskeletal disorders. To classify and solve high-risk problems, we present the implementation of performance inputs as transformation processes and then synthesize those processes with the theorem of the power superposition method, which results in a performance output in terms of the fatigue-effective index (FEI) that prioritizes the problem as the risk level to employee safety for mango-harvesting farmers. The work of harvesting mangoes on a farm consists of several tasks. Previously, most studies on WMSDs were case-by-case task analyses. However, work-related problems that accumulate over a long period are a health issue that affects the physical and mental well-being of farmers [3,4,5,6,7,8]. The awkward postures when working on the farm cause potential hazards, such as physical fatigue, highly repetitive work for a long time, and incorrect working postures. These factors can produce pain and fatigue in body regions, such as the neck, shoulders, elbows, forearm, wrists/hands, lower back, trunk, legs/ankles and foot. [1,7,8,17,26]. Additionally, poor workstation design was also a cause of muscular pain and injuries among the workers. In particular, poor design was associated with the highest risks in the lower back, shoulders, and upper arms. In addition, the workload was another cause underlying these risks [27,28,29,30,31].



The workers involved in harvesting mangos are highly susceptible to ergonomic problems due to the nature of their work and body posture. Many processes are involved in mango harvesting, mango transporting, mango size sorting, mango weighing, and transporting mangoes to the truck. Repetitive motions caused by using muscles in the same position are one of the main factors contributing to exhaustion. Thus, like any workplace, mango farming can lead to occupational-specific illness and injuries to body regions, such as the shoulder, upper arm, lower back and neck, that may need medical attention. Under the appropriate situation, the muscular strength has sufficient energy to transfer the force for working and moving the body. If the muscular strength is inadequate for the requirement of work, those muscles are weakened. When the muscle becomes injured from work overload, the efficiency for work is decreased [20,21,22,23,32,33,34]. This factor ultimately results in greater medical expenses for mango farmers. Previous studies have presented several kinds of research on WMSDs, which are the most common of all occupational non-fatal injuries and illnesses among farmworkers. Another study showed that musculoskeletal strain or the high risk of WMSDs at the neck, forearm, hand, lower back and shoulder is a significance occupational health problem affecting harvest workers [4,8,10,17,18,23,24,25,26,27,28,29,30,31,32,33,34,35]. In addition, ergonomists have identified ergonomic risk factors that can lead to WMSDs, including poor postures of the neck, shoulders, wrists, lower back, and knees [35,36,37,38]. For example, when the shoulder angle increases due to the working position of the electromyogram, the discomfort of the shoulder muscle also increases [35,36]. Therefore, occupational disease is an important issue for worker health and safety.



This study aims to use the mixed ergonomic tool analysis algorithm to prioritize WMSDs. We analyzed the Sam Phran district in Nakhon Pathom province, which is considered one of the best districts for farming activities. The flow of the Tha-Chin River through the Sam Phran district provides an advantage for growing mangoes in this area. Firstly, the constant and adequate water supply from the Tha-Chin River facilitates a higher yield of mango plants. Secondly, the canal is also used for transporting mangoes and materials. Moreover, cultivation of the Fa-Lan mango was found to be highest in this district. Ultimately, this research focuses on exploring the ergonomic problems and engaging in a task analysis of WMSDs among harvest workers.




2. Materials and Methods


2.1. WMSDs Conceptual Framework


A cross-sectional study was conducted on four tasks following four mango harvesting processes: (1) mango harvesting, (2) mango transporting, (3) mango size sorting, and (4) mango weighing and transporting to the truck. The conceptual framework is shown in Figure 1. The tasks were analyzed based on worker interviews using the Borg CR-10 scale and initial posture observations, recorded by the author with a video recorder, as shown in Figure 2.




2.2. Study Participants


This study was performed on 14 male farmers, the age range being between 39 and 64 years, who work on a mango farm in Sam Phran District, Nakhon Pathom province. All participants were healthy and strong: no personal disease (such as heart disease, liver disease, or diabetes, body mass index over 30 were excluded, etc.), no history of musculoskeletal diseases, previous trauma, previous surgery, or accidents, rested at least 6 h, good mental health, no history of psychological problems, and good social well-being. Before taking part in the interview, every participant was briefed about the purpose of the study. Informed consent was also obtained from all participants who took part in the study, which was approved by the Ethics Review Sub-Committee for Research Involving Human Research Subjects of Thammasat University, No. 3. (042/2562). The participation in the research was voluntary and participants could refuse to participate or withdraw from research at any time, without giving reasons and without losing the benefits, which did not affect the study in any way. Data were collected from September 2019 to February 2020.




2.3. Measurement of the Variables


This study used a four-part measurement of the variables, which we developed by reviewing the previous literature as described below.



2.3.1. Demographic Characteristics


This questionnaire included age, height, weight, body mass index (BMI), work experience, and working hours per day.




2.3.2. Subjective Feeling of Fatigue (Feeling of Fatigue Variable)


The rating of perceived exertion (RPE) allowed the participants to describe increases in the perceived intensity of their physical loads following increases in physical intensity. This part of the study was adopted from the Borg CR-10 scale used to quantify the perception of physical exertion [39,40]. This study examined subjective muscular fatigue in 12 body parts. The participants were requested to respond Yes or No (1 or 0) on body parts specified on a body map. The RPE categorized scores from 0 (nothing at all) to 10 (extremely heavy). The information was obtained in the form of structured questionnaires. These forms contained questions related to subjective muscular fatigue and the Borg CR-10 scale with the modified Standardized Nordic Questionnaire [41] and were used to analyze musculoskeletal symptoms among the mango farmers. A schematic of the body regions where the participants perceived exertion, fatigue, or pain is shown in Figure 3.




2.3.3. Physical Risk Level Due to Awkward Posture (Posture Effective Variable)


This part of the study investigated working postures during mango harvesting. For this process, the Rapid Upper Limb Assessment (RULA) and Rapid Entire Body Assessment (REBA) techniques were used to determine the level of ergonomic risk and the need for intervention. After recording a video, the video was cropped to obtain snapshots for the analysis of working postures. These snapshots were analyzed, and then the results were entered into the RULA and REBA worksheets.



The RULA assessment is a survey method developed for use in ergonomic investigations of workplaces, where work-related upper limb disorders are reported. This tool requires no special equipment to provide a quick assessment of the postures of the neck, trunk, and upper limbs along with muscle functions and experienced external loads. A coding system is used to generate an action list that indicates the level of the intervention required to reduce the risks of injury due to physical loading on the operator [36,42], as shown in Table 1.



The REBA assessment is an ergonomic assessment tool that uses a systematic process to evaluate the whole-body posture, work-related musculoskeletal disorders (WMSDs), and risks associated with a work task. Using the REBA worksheet, the evaluator assigns a score for each of the following body regions: wrists, forearms, elbow, shoulders, neck, trunk, legs, and knees. After the data for each area are collected and scored, table forms are used to compile the risk-factor variables, generating a single score representing the WMSD risk level [42,43,44], as shown in Table 2.




2.3.4. Duty Factor of Work Characteristics


The duty factor of the work characteristics was the organizational ergonomic risk factor, produced by an imbalanced work–rest ratio. In this study, the ratio between working time and period of time was defined by the duty factor or the ratio of work loaded per unit time [45]. The duty factor is the proportion of the working time compared to the total time. The rest or break time during the work was also considered and included in the duty factor variable according to Equation (1), shown in Figure 4. To determine the need to improve mango-harvesting workstations, it was necessary to examine the muscular fatigue at all workstations. The variables of the study consist of the proportion of working time compared to the total time:


  D u t y   f a c t o r =    T  W o r k i n g      (   T  W o r k i n g   +  T  B r e a k    )     



(1)




where    T  W o r k i n g     is the working time, and    T  B r e a k     is the break time during work. The mango-harvesting process was investigated by observing the worker’s performance for about 6 h per day. The duty factors in this study are as follows:




	
Harvesting task








The workers had a half-an-hour break during the working period, and the working time was about 4.5 h per day. Thus, the duty factor was (0.5)(4.5/6) = 0.38.



	
Transporting task






The operation time of the transporting task was about 5 h per day. In this task, the mangoes were transported about two times per hour. Each transport cycle carried 15 mango crates and required about 7 min. The duty factor was (7/30)(5/6) = 0.19.



	
Size-sorting task






In this task, the workers operated for 5 h per day and were exposed to a long-term static posture. The duty factor of this task was (5/6) = 0.83.



	
Weighing and lifting task






The mango weighing working time was 6 h per day. The work consisted of (1) lifting the mango crates from the boat, (2) weighing the mango crates, and (3) loading the mango crates into the truck. This task was performed approximately every 15 min to half an hour. Thus, the duty factor was (15/30)(6/6) = 0.50.



All four tasks’ duty factors are illustrated in the timing diagram (Figure 4).




2.3.5. The Fatigue Effective Index (FEI)


When analyzing work efficiency’s relationship with musculoskeletal disorders, the subjective muscular fatigue and working posture effects were necessary to determine the decision-making priorities to solve ergonomic task problems. In this study, a novel method for determining the effectiveness resulting from both feeling fatigue and posture assessments was used by applying the theorem of power superposition [46].



Theorem 1.

Determination of the total power dissipated in the resistor loads of a linear network demonstrates theoretically that the total power is the sum of the power supplied simultaneously by each source, while the other influencing source is disabled.





This theorem demonstrates that the total power dissipated in the load of a linear system is the summation of each power source supplied to that system. Likewise, we assume in this study that subjective muscular fatigue and affected working postures are sources of effective fatigue. The effect of fatigue due to a load on the body of the participant is due to two power sources of fatigue, which can be written as Equation (2).


  F E I =     ( P o s t u r e E f f )  2  +   ( F e e l i n g F a t i g u e )  2     



(2)




where   F E I   defines the fatigue effective index (FEI) of mango-harvesting farmers’ tasks that should be prioritized to solve the WMSDs problem. The parameter   P o s t u r e E f f   is defined as the posture effect potential, and   F e e l i n g F a t i g u e   is defined as the subjective muscular fatigue potential. These strategies make solving the WMSDs problem correspond to the concept of emphasis of the equity of sources.






3. Results


3.1. Demographic and Work Characteristics


3.1.1. Demographic Characteristics


Demographic characteristics are an individual ergonomic risk factor. This study was performed on 14 male farmer participants who work in mango farming and have an average age of 52.28 ± 7.75 years. The average height, weight, BMI, work experience and working hours per day were 167.71 ± 5.52 cm, 63.00 ± 6.90 kg, 22.46 ± 2.81 kg/m2, 7.64 ± 3.03 years, and 6.50 ± 0.76 h per day respectively, as shown in Table 3. All participants were right handed.




3.1.2. Rating of Perceived Exertion (RPE) with Borg CR-10


The subjective muscular fatigue of the participants, reported as the prevalence of musculoskeletal symptoms over the past 6 months, showed that the three body regions with the highest prevalence rates of WMSDs were the right shoulder (100%), right upper arm (100%), and right lower back (71.43%). In this study, an ergonomic risk score of 5 or greater was considered to indicate risk. The five body parts with the highest prevalence rates of symptoms were the upper arm, shoulder, lower back, neck, and upper back, as shown in Table 4.



The participants were asked to estimate the perceived physical exertion while working in a mango-harvesting farm on a scale from 0 to 10 according to the Borg CR-10 scale. As shown in Figure 5, the three body parts with the highest perceived levels of physical exertion were the upper arm, shoulder, and lower back. The Borg CR-10 evaluation result revealed that the mango size sorting task had the highest physical exertion values, equal to 8.0 for the upper arms, 7.5 for the shoulders, and 7.0 for the lower back.



A survey was conducted with the 14 participants. The results were calculated to determine the average subjective feeling of fatigue. Analyses of the results were classified by the type of task performed, and the results are shown in Table 5.




3.1.3. Association between Risk Factors and the Feeling of Fatigue


In this study, we carried out ordinal logistic regression analysis for factors associated with feeling of fatigue, with age, BMI, work experience and the four tasks of mango-harvesting processes as an independent variable, and the average feeling of fatigue (Borg CR-10) as a dependent variable.



For the analysis, the logarithm of odds ratio (β) estimate associated with the average feeling of fatigue can be seen in Table 6. The results of the ordinals logit model are significant (χ2 = 23.164, p-value = 0.001) when tested with the likelihood ratio test. The goodness-of-fit indicators of the ordinal logit model as shown with Pearson’s chi square = 41.810 (p-value = 0.648).



The result showed that the significance of risk factors was obtained for work experience (β = 1.383, p-value = 0.03) and the size-sorting task (β = 48.675, p-value < 0.05) as shown in Table 6.



The other risk factors among participants, which indicated age (β = 0.089, p-value = 0.394) and BMI (β = 0.770, p-value = 0.108), showed the probability of feeling fatigue as compared to other risk factors.



The four tasks of the mango-harvesting processes associated with the average feeling of fatigue, illustrated in Figure 6, in comparison with the weighing and lifting task showed that the highest of the estimate (β) is the size-sorting task with β = 48.675.



The harvesting task and transporting task were associated with feeling greater fatigue than the weighing and lifting task, with β = 1.061 and 3.625, respectively.



The static postures employed in mango size sorting were used to evaluate the risk factor score using RULA, and provided an average score of 7.0, which indicated that this workstation required immediate changes. The risk factor scores of dynamic postures, such as those used in the mango-weighing task, harvesting task, and mango-transporting task, were evaluated with the risk factor score using REBA, and the results provided average scores of 8.33, 8.25, and 6, respectively. The REBA score indicated a high-risk level for the mango-weighing task and the harvesting task and a medium risk level for the mango transporting task, as shown in Table 7.




3.1.4. Posture Analysis


To prioritize solving the task problem, all risk-level outputs of each measure were transformed into a per-unit scale, using the normalization process, and calibrated into real working time by multiplying the results with the duty factor. The outputs of the RULA and REBA of each task were averaged and transformed into the posture effective variable, indicating the physical risk level due to awkward postures. The outputs of Borg CR-10 were also averaged and transformed into the feeling-fatigue variable. Both variables were transformed from a potential to the power scale by using the squaring algorithm. The powers were then summed using the power superposition concept. Finally, the summed power results were inverse transformed into the potential scale by using the square-root procedure outlined in Equation (1). This output was defined by the FEI. Based on the FEI, this study on prioritization determined the tasks that produced the greatest muscular fatigue among workers, as follows: mango-size-sorting task (0.89), mango-weighing task (0.40), mango-harvesting task (0.26), and mango-transporting task (0.12), as shown in Table 7.




3.1.5. Relationships with the Fatigue Effective Index (FEI)


The subjective feeling fatigue and posture effect and the resulting correlation coefficients indicated a statistically significant association between the subjective feeling fatigue, posture effectiveness, and the effective fatigue index, as shown in Table 8.



The graphic in Figure 7 illustrates the relative normalized score of the four tasks while working on mango harvesting. In this study, the FEI result was a new variable that resulted from the power summation concept of two different domains of risk factor variables: subjective feeling of fatigue and posture influence. The FEI was calculated based on the effective combination concept. The FEI presented a combination concept that is much more effective than the average. The FEI score value was influenced by the potential of each power combination input. The results showed a good relationship under the correlation coefficient estimation method, as shown in Table 8 and Figure 7. Moreover, it was found that its greater compactness and simplicity compared to estimating via the correlation coefficient and the FEI can be applied to prioritize the critical WMSDs, also shown in [24,25].






4. Discussion


Awkward postures cause musculoskeletal disorders, including fatigue among workers or farmers, for which it is necessary to investigate and improve the problem of WMSDs [4,5,6,7,8]. In this study, a novel technique was proposed to determine high risks and solve the problem for WMSDs among mango-harvesting farmers via an integrated mixed-method analysis of the subjective feeling of fatigue (Borg CR-10) and affected working postures (RULA and REBA) [22,39,40,41,42,44,47]. Analysis of the subjective feelings of fatigue, as shown in Table 7, found that the weighing and lifting task caused fatigue with the highest values, with the considered part of real-time working. However, in this case, all of tasks were averaged by the workload with the duty factor. Hence, the results of the subjective feeling of fatigue revealed the dominant task to be mango size sorting. In addition, the results of the prevalence of the subjective feeling of fatigue (Borg CR-10) showed the most frequent WMSDs at the right shoulder and the right upper arm. Therefore, the logistic regression analysis results, associated with the subjective feeling of fatigue with individual and work-related factors, are as follows:




	(1)

	
Age of the participants had a sensitivity with the average feeling fatigue score with OR = 1.093, p-value = 0.394.




	(2)

	
BMI of the participants had a sensitivity with the average feeling fatigue score with OR = 2.160, p-value = 0.108.




	(3)

	
Work experience of the participants had a sensitivity with the average feeling fatigue score with OR = 3.987, p-value = 0.030.




	(4)

	
The probability of the average feeling fatigue on four tasks reference with weighing and lifting tasks can be rated by the (1st) size-sorting task, (2nd) transporting task, and (3rd) harvesting task, respectively.









For posture analysis, mango size sorting was the dominant task, with a RULA score of 7, which means that the workstation required immediate changes.



RULA assessment was chosen for the mango size-sorting task because RULA is appropriate for long work-cycle postures with a static workload. REBA assessment was used for mango harvesting, transporting, and weighing tasks, as REBA is a postural analysis tool sensitive to musculoskeletal risks in a variety of tasks with dynamic workloads. The workers were found to be under moderate-to-high risk of musculoskeletal disorders. The RULA and REBA assessments indicated that the workers were working above a certain limit. RULA determined that the majority of the workers were under high risk levels and required immediate changes. REBA indicated that some of the workers were under lower risk levels, but most were still at high risk levels [22,42,43,47].



The final scores of the RULA and REBA assessments were different. Therefore, the normalization scale was adjusted to allow for comparisons of each working task to evaluate the risk of the four tasks, which have differences in duty cycles. The real workloads were calculated by multiplying the score with the duty factor. The results showed that the highest prevalence of WMSDs and muscular fatigue occurred in the mango size-sorting task because the farmers were exposed to repetitive motion injuries while working for long hours. Some of the risks associated with mango size-sorting were (1) right upper-arm pain, (2) right-shoulder pain, and (3) right lower-back pain. The impact of each task on WMSDs was analyzed, using power superposition, combining the principle of awkward posture (REBA, RULA) score and the perceived physical exertion (Borg CR-10) score, called the FEI. Each factor was not the average for the equality (the posture assessment and the feeling of fatigue), but combined, it was effective for solving the WMSDs problem.



The mango-harvesting processes with the highest risks of MSDs were as follows: (1st) size sorting, (2nd) weighing and lifting, (3rd) harvesting, and (4th) transporting with the FEI, respectively. The FEI indicated a good relationship between the subjective feeling of fatigue and posture analysis with the correlation coefficient of 0.984 (p-value = 0.016) and 0.999 (p-value = 0.001), respectively. The size-sorting task was ranked the first of WMSDs in mango-harvesting processes. When analyzed, the physiology/biomechanics found several causes, such as (1) the working hours being a long time period per day, (2) the static loading condition, (3) the repetitive work, (4) the cooperation and the synchronization between eyes and hands working, (5) and the awkward posture of moving to pick up weight while sitting. The other tasks had a rest time cycle, as illustrated in the timing diagram in Figure 4. Hence, these disorders were affected by improper workstation designs that promote unsuitable positioning of the body due to the absence of principles of biomechanics or mechanical data on farming being applied in the workstation design [22,29,30,37,38]. In order to reduce health problems and injuries among the farmers, an ergonomic workstation design should be implemented [27,28,29,30]. If the muscular strength is inadequate for the requirements of the work, the muscles are too weak. When the muscle becomes injured from work overload, the work efficiency decreases [17,18,19,20,21,22,34,35].




5. Conclusions


The study investigated ergonomic task problems for the prioritization of WMSDs among mango-harvesting farmers at Nakhon Pathom province, Thailand, using a modified method analysis consisting of (i) the subjective feeling of fatigue (Borg CR-10) and (ii) posture analysis using RULA and REBA. The output of both scores were normalized and combined with the power superposition theorem for ranking the risk of WMSDs. The results of Borg CR-10 showed the most prevalence pains were in the areas of the right shoulder (100%), right upper arm (100%) and lower back (71.43%) The risk factor that was significantly associated with the average Borg CR-10 was work experience (OR = 0.030, 95% CI = 1.14–13.93). The posture analysis based on the FEI of mango-harvesting farmers ranked the following: (1st) size-sorting task (0.89), (2nd) weight-lifting task (0.40), (3rd) harvesting task (0.26), and (4th) transporting task (0.12), respectively. As the FEI has greater compactness and simplicity, it can be applied to prioritize the criticality of WMSDs effectively.



The present study results found that repetitive tasks over a long period of time were also a common cause of injury, especially in the mango size-sorting task. Workers have to continuously visually inspect their work in a static sitting posture over the entire working period. It is necessary to find a way to prioritize the WMSDs problem. Consequently, an ergonomic assessment is, thus, essential for identifying and reducing the risks involved in physical work and increasing productivity. Therefore, mango size sorting should be the first task to be improved by proper ergonomic interventions with a man–machine system to resolve muscular fatigue problems among mango-harvesting farmers.




6. Limitations


The current study was cross sectional in design, which avoided an assessment of the connection between cause and effect. Therefore, further longitudinal research is needed. The low number of participants and study areas are also limitations of the current study. Therefore, further study should add other participants and other study areas, which may strengthen the understanding of the prioritization of WMSDs.
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Figure 1. Conceptual framework of a mixed ergonomic tool analysis algorithm for prioritization of WMSDs. 
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Figure 2. The four mango harvesting tasks consist of (a) mango harvesting, (b) mango transporting, (c) mango size sorting, and (d) mango weighing and transporting to the truck. 
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Figure 3. Schematic body regions in muscular fatigue self-reporting. 
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Figure 4. Duty factor of each task for mango harvesting in the Sam Phran district, Nakhon Pathom province. 
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Figure 5. Perceived physical exertion while working on the mango harvesting farm. 
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Figure 6. The natural logarithm of odds ratio (Log. Odds) estimates for the four tasks of mango-harvesting processes. 
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Figure 7. The relative normalized scores of four tasks while working on mango-harvesting processes. 
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Table 1. The RULA score levels and description.






Table 1. The RULA score levels and description.





	Action Level
	RULA Score
	Description





	1
	1–2
	Posture is acceptable. It is not maintained or repeated for too long.



	2
	3–4
	Further investigation is needed, and changes may be required.



	3
	5–6
	Further investigations and changes are required soon.



	4
	7
	Further investigations and changes are required immediately.
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Table 2. The REBA score and risk levels.
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	Action Level
	REBA Score
	Level of WMSDs Risk





	1
	1
	Negligible risk. No action is required.



	2
	2–3
	Low risk. Changes may be required.



	3
	4–7
	Medium risk. Further investigations and changes are required soon.



	4
	8–10
	High risk. Further investigations and changes are required soon.



	5
	11+
	Further investigations and changes are required immediately.
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Table 3. Demographic data of the participants.
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	Demographic Data
	Mean
	SD





	Age (years)
	52.29
	7.75



	Weight (kilograms)
	63.00
	6.91



	Height (centimeters)
	167.71
	5.52



	Experience (years)
	7.64
	3.03



	BMI (kg/m2)
	22.46
	2.81
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Table 4. Distribution of WMSDs reported in different body parts.
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	Body Regions
	Frequency
	Percentage





	Neck
	8
	57.14



	Shoulder
	14
	100.00



	Upper back
	3
	21.43



	Upper arm
	14
	100.00



	Lower back
	10
	71.43
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Table 5. The subjective feeling of fatigue used to estimate the perceived physical exertion while working on a mango-harvesting farm (using the Borg CR-10 scale).
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Mango Tasking Processes

	
Participants

	
Neck

	
Shoulder

	
Upper Back

	
Upper Arm

	
Elbow

	
Lower Back

	
Lower Arm

	
Hand

	
Thigh

	
Knee

	
Leg

	
Foot

	
Average Feeling of Fatigue

(Borg CR-10)






	
Harvesting

	
1

	
5

	
7

	
2

	
7

	
2

	
4

	
2

	
3

	
2

	
2

	
3

	
2

	
3.42




	
2

	
6

	
6

	
2

	
8

	
2

	
5

	
2

	
3

	
2

	
2

	
3

	
2

	
3.58




	
3

	
5

	
7

	
3

	
8

	
2

	
4

	
3

	
3

	
2

	
3

	
2

	
2

	
3.67




	
4

	
6

	
6

	
2

	
7

	
2

	
5

	
3

	
3

	
3

	
2

	
2

	
2

	
3.58




	
5

	
5

	
6

	
3

	
7

	
2

	
5

	
3

	
2

	
3

	
2

	
2

	
2

	
3.50




	
6

	
5

	
6

	
3

	
7

	
2

	
4

	
2

	
3

	
2

	
2

	
3

	
2

	
3.42




	
7

	
6

	
6

	
2

	
7

	
2

	
4

	
3

	
2

	
3

	
2

	
2

	
2

	
3.42




	
8

	
5

	
6

	
3

	
7

	
2

	
5

	
3

	
3

	
2

	
2

	
2

	
2

	
3.50




	
Transporting

	
9

	
3

	
5

	
3

	
6

	
2

	
5

	
3

	
2

	
3

	
3

	
3

	
3

	
3.58




	
Size sorting

	
10

	
3

	
8

	
4

	
8

	
2

	
7

	
3

	
2

	
2

	
3

	
2

	
2

	
3.83




	
11

	
3

	
7

	
4

	
8

	
3

	
7

	
3

	
3

	
2

	
2

	
2

	
2

	
3.83




	
Weighing

and lifting

	
12

	
4

	
6

	
5

	
6

	
2

	
7

	
3

	
2

	
3

	
2

	
3

	
3

	
3.83




	
13

	
4

	
7

	
5

	
6

	
2

	
6

	
3

	
2

	
3

	
2

	
3

	
3

	
3.83




	
14

	
4

	
6

	
5

	
7

	
2

	
6

	
4

	
2

	
3

	
2

	
3

	
3

	
3.92




	
Count ≥ 5

	
8

	
14

	
3

	
14

	
- 1

	
10

	
- 1

	
- 1

	
- 1

	
- 1

	
- 1

	
- 1

	








1 Not taken into account because of the score less than 5.
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Table 6. Logistic model derived odds ratio (OR) for prevalence of WMSDs in the mango-harvesting processes.
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	Variable
	Estimate

(β)
	Wald
	Odds Ratio

(OR)
	p-Value





	Threshold of Average Feeling of Fatigue (Borg CR-10)
	
	
	
	



	[Score = 3.42]
	31.299
	4.391
	
	0.036 *



	[Score = 3.50]
	33.665
	4.580
	
	0.032 *



	[Score = 3.58]
	38.737
	5.174
	
	0.023 *



	[Score = 3.67]
	53.501
	0.001
	
	0.970



	Risk factors
	
	
	
	



	Age (years)
	0.089
	0.726
	1.093
	0.394



	BMI (kg/m2)
	0.770
	2.588
	2.160
	0.108



	Work experience (years)
	1.383
	4.694
	3.987
	0.030 *



	Harvesting task
	1.061
	0.117
	2.889
	0.733



	Transporting task
	3.625
	0.627
	37.525
	0.428



	Size-sorting task
	48.675
	
	1.378 × 1021
	0.000 *



	Weighing and lifting task (reference)
	0 a
	
	1.000
	







Note: a. The reference category is weighing and lifting task. * p-value < 0.05.
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Table 7. The results of the fatigue study of mango-harvesting workers.
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Participant

	
Tasking

	
Task Duty Factor

	
Average Feeling Fatigue (Borg CR-10)

	
Average Borg CR-10

	
Meaning of Feeling of Fatigue

	
Borg CR-10 (Normalized)

	
Average Feeling of Fatigue with a Task Duty Factor

	
RULA Score

	
REBA Score

	
Posture Effective (Normalized)

	
Average Posture Effective with a Task Duty Factor

	
Fatigue Effective Index (FEI)

	
Priority






	
1

	
Harvesting

	
0.38

	
3.42

	
3.51

	
(Moderate)

	
0.34

	
0.13

	
-

	
8

	
(Hight risk, Avg. = 8.25)

	
0.67

	
0.26

	
0.26

	
3rd




	
2

	
0.38

	
3.58

	
0.36

	
-

	
8

	
0.67




	
3

	
0.38

	
3.67

	
0.37

	
-

	
8

	
0.67




	
4

	
0.38

	
3.58

	
0.36

	
-

	
8

	
0.67




	
5

	
0.38

	
3.50

	
0.35

	
-

	
8

	
0.67




	
6

	
0.38

	
3.42

	
0.34

	
-

	
9

	
0.75




	
7

	
0.38

	
3.42

	
0.34

	
-

	
9

	
0.75




	
8

	
0.38

	
3.50

	
0.35

	
-

	
8

	
0.67




	
9

	
Transporting

	
0.19

	
3.58.

	
3.58

	
(Moderate)

	
0.36

	
0.07

	
-

	
6

	
(Medium risk)

	
0.50

	
0.10

	
0.12

	
4th




	
10

	
Size-sorting

	
0.83

	
3.83

	
3.83

	
(Moderate)

	
0.38

	
0.32

	
7

	
-

	
(Changes immediately)

	
1.00

	
0.83

	
0.89

	
1st




	
11

	
0.83

	
3.83

	
0.38

	
7

	
-

	
1.00




	
12

	
Weighing and lifting

	
0.50

	
3.83

	
3.86

	
(Moderate)

	
0.38

	
0.19

	
-

	
9

	
(Hight risk, Avg.8.33)

	
0.75

	
0.35

	
0.40

	
2nd




	
13

	
0.50

	
3.83

	
0.38

	
-

	
8

	
0.67




	
14

	
0.50

	
3.92

	
0.39

	
-

	
8

	
0.67
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Table 8. The correlation coefficient for the subjective feeling fatigue, posture effectiveness, and the effective fatigue index (FEI).
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	Variables
	Feeling of Fatigue
	Posture Eff
	FEI





	Feeling Fatigue
	1.000
	0.981
	0.984 (p-value = 0.016)



	Posture Eff
	0.981 (p-value = 0.019)
	1.000
	0.999 (p-value = 0.001)



	FEI
	0.984
	0.999
	1.000
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