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Objective: This study aimed to analyse the role of several environmental and time variables, as well as individual and psychosocial factors, on the perception of exertion, expressed by using the Borg scale, on logistics workers performing heavy manual tasks.

Materials and Methods: We enrolled 56 subjects working in logistics sector that were interviewed on the perceived exertion required to execute a task of manual lifting of heavy loads, by using the Borg scale. The interviews were carried out during different shifts, at different times during the shifts and during several different months of the year. We also assessed the workers' anthropometric characteristics, length of service, any musculoskeletal diseases, and physical activity outside work. Workers were also interviewed using the structured OREGE questionnaire, in order to evaluate the main symptoms of stress and work-related psychosocial risk factors.

Results: Overall, the subjective perception of the strength exerted by the workers exposed to a high risk of manual handling of loads was moderate. The rating attributed using the Borg scale showed no correlation with any of the investigated variables. 100% of the workers denied to suffer from symptoms of stress, whereas in terms of psychosocial factors, the workload was globally perceived as positive.

Conclusion: The study results support the hypothesis that optimal work conditions—from a psychosocial point of view—reduce the subjective perception of exertion by workers even if exposed to a high risk of biomechanical overload.
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INTRODUCTION

The main methods that are used in ergonomics to assess the risk of biomechanical overload of the musculoskeletal system rely, in general, on subjective effort perception; the Borg scale is indeed one of the most widespread approach used to estimate workers' strain when they are performing their tasks (1). However, it has been well-documented that further biomechanical overload risk factors—such as dimensions, method and frequency of handling, size of the loads, and posture can affect this perception (2–5).

So far, there are no scientific studies, to the best of our knowledge, investigating the effects of additional variables on the workers' perception of exertion, including the time of work-shift, the period of the year, and the microclimatic conditions at the time of the interview. Furthermore, there are even fewer studies examining the influence of psychosocial risk factors on such subjective perception (6–8). In previous articles, we often addressed the critical issue involved with using scales of subjective evaluation for “exerted force,” as reported by workers or compiled by experts (1, 9, 10). Indeed, we have been widely highlighting the difficulty in assigning risk scores corresponding to the actual level of exertion, when workers are only given a numerical scale with no explanation of what the scores mean. In our experience, the greater the level and the detail of explanation provided for each rating in the scales used for the interview, the fewer subjective overestimations or underestimations are made by workers regarding the risk and the more the risk scores correspond to those assigned by the experts (11, 12).

Within this scenario, we hypothesize that both the subjective context and working environment, as well as the time of the work-shift, may present direct effects on the exertion rating. Therefore, the main aim of this study was to analyse the influence of several environmental and time variables, as well as individual and psychosocial factors, on the perception of exertion, expressed by using the Borg scale, while performing heavy manual tasks, which involve the manual handling of heavy loads during repeated actions.



SUBJECTS AND METHODS

This study was performed within the Italian branch of an international enterprise that operates in the logistics sector, in the context of the mandatory periodical health surveillance according to the Italian Legislative Decree 81/2008 and further modifications. All the workers involved in manual load handling expressed their consent to participate to the study, that was performed following the WMA Declaration of Helsinki.

The study sample was represented by 56 male subjects, with an average age of 34 years old (range 20-61 years old). All the main workers' characteristics are summarized in Table 1.


Table 1. Characteristics of enrolled workers (no. 56).
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To define the correct approach for the risk assessment, we preliminary performed an ethnographic on-field analysis, reporting details about the type of manual tasks performed by the workers, the environmental conditions and the planned working shifts.

Accordingly, a risk assessment was carried out into the manual handling of loads, both lifting and pushing-pulling, in accordance with internationally recognized approaches, such as the NIOSH and the psychophysical Snook and Ciriello methods (4, 13). Furthermore, the workers were interviewed on the perceived exertion required to execute a task, by using the Borg scale, which involves assigning a rating ranging between 0 and 10 (1, 14). As previously underlined, while providing the questionnaire we included also the explanations of the numerical ratings, since we reported that interview scales assign much more realistic risk scores if the meaning of said scores are properly explained (10, 11). The interviews were carried out during different shifts, at different times during the shifts (start, middle, and end of shift) and during different months of the year.

We also assessed the workers' anthropometric characteristics [Body Mass Index (BMI)], length of service, any documented musculoskeletal diseases, and lifestyles, with reference to regular physical activity outside work.

Workers also received parts 3 and 4 of the OREGE questionnaire (15). Part 3 (18 questions) investigates the main symptoms of stress, including anxiety (nervousness, tremors, dizziness, vertigo); gastrointestinal disorders; the third stage of stress [sensation of intense fatigue or exhaustion, as described by Selye (16), which reduces the body's ability to adapt to stressful stimuli. Part 4 (26 questions) regards psychosocial factors, including overall and current workload; work pressure; attention and control over work; involvement; immediate social support from superior and colleagues; career prospects (two questions)]. The answers to the questionnaires were evaluated by applying the methodology described by the French INRS (Institut National de la Recherche Scientifique, INRS, 2000) (17).

The statistical analysis was performed using the statistics package SPSS 21.0 (IBM Statistics). Descriptive data analysis, analysis of differences between two (Mann-Whitney analysis) or more groups (Kruskall-Wallis test) and Spearman's correlation analysis were applied. Finally, a factorial variance analysis with normalized Varimax rotation was applied to the psychosocial risk factors.



RESULTS

Table 1 shows that enrolled workers presented an average length of service with the company of 10 ± 6 years and an average BMI of 24.5 ± 3.0 kg/m2; they used to live close to the company (distance between home and work <10 km) and usually travel to work by car. Seven workers reported episodic lower back pain with a diagnosis of disc disease and one worker suffers from chronic epicondylitis. Thirty-two workers (57%) regularly perform exercise at least twice a week.

From the ethnographic analysis, we reported that warehouse staff were specifically employed to empty and fill incoming and outgoing containers, manually handling packages of varying shapes and sizes (Figure 1). Ramp operators were addressed to push the containers up the ramp and load them into the aircraft (Figure 2). Given the variable nature of the loads to be handled, lifting equipment could not generally be used as aid in these activities; few pneumatic lifting devices were provided only in certain workstations within the warehouse, but these systems could not be widely used due to the package different sizes. The ramp operators always work outdoors, regardless of the weather conditions, while the warehouse staff works in a closed environment with air conditioning, handling loads with greater frequency. The Supervisors (SPVs) coordinate the teams and may provide their support to perform manual tasks, where necessary.


[image: Figure 1]
FIGURE 1. Manual handling of parcels of different weights and dimensions.



[image: Figure 2]
FIGURE 2. The unit load device (ULD) is pushed by the operators inside the upper deck of a Cargo Aircraft.


Concerning the working daily planning, work was organized across 27 different types of shifts with different durations (median 7 h; min. 3 h, max. 10 h), with times ranging between 6 p.m. and 12 a.m. and, in most cases, including a number of nocturnal hours (from 0 to 5 h, median 2 h 30 min) defined in accordance with the Italian legislation (Legislative Decree no. 66/2003; work between midnight and 7 a.m.).

The risk assessment into the manual handling of loads as part of lifting and handling operations, as well as pushing-pulling containers, highlighted very high-risk scores (much higher than 3), due to both the weight of the objects being handled and way they are handled, as well as the size of the loads. However, the subjective perception of the strain was not as high, with an average rating of 3.7 ± 2.0 on the Borg scale.

Table 2 shows the breakdown of the ratings obtained in the subgroups of workers classified by their role, areas of prevalent muscular effort, whether or not they suffer from diseases affecting the spine or upper limbs, the time of the interview, the period of the year (hot months vs. cold months) and whether or not they perform regular exercise. There were no cases of statistically significant differences in the perception of exerted force among the different subgroups.


Table 2. Distribution of Borg's ratings [median (interquartile range)] in workers classified by occupational, environmental, time, and individual variables.
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In addition, the rating attributed using the Borg scale showed only a slight significant positive relationship with duration of the specific job (R2 0.07, beta 0.27, p < 0.05), but not with working hours/day, worked hours, work-shift, month (season) and time of the interview, BMI and home distance from the workplace (data not shown).

As regards the OREGE questionnaire, 100% of the workers denied suffering from symptoms of stress (Part 3 of the Questionnaire, data not shown). In terms of psychosocial risk factors, the workload was perceived as being demanding both generally speaking (100%) and at the time of the interview (80%); work was judged not pressing (100% of workers); work required attention (100% of workers), control (100% of workers), and workers' involvement (98%); at work there was a good social support from the boss and colleagues (100%), with no concern about future job prospects (100%) (Supplementary Table 1). These results were indeed expected, as they are typical of the investigated sector. In logistics, infact the workers have little organizational influence that depends on sophisticated softwares and management systems, but they have high commitment to work and influence on overall work quality that requires a great professionalism and experience.

The questionnaires on psychosocial factors were therefore evaluated statistically by factorial analysis, excluding the questions about “social support from the boss” and “social support from colleagues,” that gained the same answers across workers. The analysis showed that 37% of the overall variance of psychosocial risk factors was explained by two components, including work pressure and current workload (first component) and professional future and involvement (second component) (Table 3).


Table 3. Results of the factorial analysis of psychosocial risk factors.
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DISCUSSION AND CONCLUSIONS

The main aim of the study was to verify the interference of individual and environmental factors, including BMI, health status, age, length of service, microclimatic conditions, work-shift, time of the shift, performing regular exercise outside work on the subjective perception of physical exertion while performing a work with a very high risk of biomechanical overload by manually handling loads. Unlike what we expected according to literature data, the study results underline that the exertion perception is not significantly influenced by the job or by any other environmental, time and individual variables taken into consideration (2, 6, 8, 18).

In our opinion, such results should be interpreted largely considering the outcomes obtained in the OREGE questionnaires, in particular the part investigating psychosocial factors. The investigated worker sample can be mainly described as a working population with no stress symptoms, a good company environment, a good salary, career prospects, managers who pay attention to the workers' needs, good horizontal and vertical relationships, confidence in the future of the company and job security. The worker study group was constituted by: university students who preferentially work in the evening/night and can study in the morning/afternoon; moms who usually cover the shift 22:00-01:00, when the children sleep; fathers who work 6 h and are paid as for 8 h. The ramp agents have a very high salary, including several allowances. The company-worker relationship was very good.

Further, the evidence that even the time of the shift when the workers were interviewed had no influence on the obtained results could be interpreted specifically considering the psychosocial factors; more in detail, these subjects gave positive feedback about night shifts, receiving full-time pay for reduced hours (6 h), which enable them to perform further activities during the day (e.g., study, family, second job, etc.). These findings are in agreement with studies highlighting how psychosocial factors can play a decisive role in the perception of disorders and in the assessment of the risk of biomechanical overload of the upper limbs (7, 19–24). On the other hand, psychosocial discomfort can lead to incorrect working practices, which can amplify the effects of risk factors specific to the role, despite not necessarily being significant in themselves (12, 25).

We recognize that our study is affected by main limitations, including (i) its cross-sectional study design making it impossible to determine direction of causation and raising the possibility that the study sample was unrepresentative because of healthy worker selection; (ii) the small sample size and the possibility that relationships were missed because of inadequate statistical power. The results would need confirmation by a different study design, and a larger sample size. According to the experience of the principal investigator, who was the occupational health physician of the company by long time, the obtained results were not affected by the healthy worker effect, as the worker group was stable over years. The obtained results are in agreement with our previous studies, highlighting the role of work-related psychosocial risk factors on the workers' perception of exertion and the extent to which the subjective methods of estimating exertion are affected by these factors in terms of overestimating or underestimating the real risk (10–12). Therefore, a reliable evaluation of exertion should be based on the quantification of objective parameters using several tools able to acquire environmental and physiological information—such as electromyography, dynamometers, load cells, and inertial sensors—combined with ergonomic methodologies of risk assessment (3, 5, 15, 26–30).

In conclusion, in the specific investigated setting, the study allows us to hypothesize that optimal work conditions—from a psychosocial point of view—could be the reason for subjective underestimation of exertion by workers exposed to a high level of risk of biomechanical overload.

We also want to emphasize the importance of proper health surveillance even in optimal situations from the point of view of psychosocial factors. Workers exposed to heavy duty jobs, but “apparently” ignoring its hardness may have clinical problems and even occupational illness, if neglected; but the workers of our study, undergo periodic and accurate health checks by the occupational physician who has assessed the worker's health status for many years with targeted questionnaires on symptoms, objective examination and second level examinations, when required.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

ES and GD conceptualized and designed the study and made the decision to submit. ES designed the data collection instrument and administered the questionnaires to the workers. CT did the statistical analyses. ES, NL, FR, AM, and PA analyzed the data and commented on the manuscript. All authors critically revised the paper, approved the final study, and agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2021.678827/full#supplementary-material



REFERENCES

 1. Borg G. Borg's Perceived Exertion and Pain Scales. Champaign, IL: Human Kinetics (1998).

 2. Losa Iglesias ME, Becerro De Bengoa Vallejo R, Salvadores Fuentes P. Self-reported musculoskeletal disorders in podiatrists at work. Med Lav. (2011) 102:502–10.

 3. Shafti A, Lazpita BU, Elhage O, Wurdemann HA, Althoefer K. Analysis of comfort and ergonomics for clinical work environments. Ann Int Conf IEEE Eng Med Biol Soc. (2016) 1894–7. doi: 10.1109/EMBC.2016.7591091

 4. Snook SH, Ciriello VM. The design of manual handling tasks: revised tables of maximum acceptable weights and forces. Ergonomics. (1991) 34:1197–213. doi: 10.1080/00140139108964855

 5. Torri D, Sala E, Orizio C, Apostoli P. Stima della presa in pinch: approfondimento degli aspetti metodologici ed applicativi mediante l'impiego di un nuovo apparato portatile, P force Met [Pinch assessing in bio mechanical analysis: methodological and applicative aspects dealt by using the new P force Met portable instrument]. G Ital Med Lav Ergon. (2011) 33:63–73.

 6. Colim A, Arezes P, Flores P, Braga AC. Effects of workers' body mass index and task conditions on exertion psychophysics during vertical handling tasks. Work. (2019) 63:231–41. doi: 10.3233/WOR-192923

 7. Otto A, Emery K, Côté JN. Sex differences in perceptual responses to experimental pain before and after an experimental fatiguing arm task. Biol Sex Differ. (2019) 10:39. doi: 10.1186/s13293-019-0253-7

 8. Shariat A, Cleland JA, Danaee M, Alizadeh R, Sangelaji B, Kargarfard M, et al. Borg CR-10 scale as a new approach to monitoring office exercise training. Work. (2018) 60:549–54. doi: 10.3233/WOR-182762

 9. Latko WA, Armstrong TJ, Foulke JA, Herrin GD, Rabourn RA, Ulin SS. Development and evaluation of an observational method for assessing repetition in hand tasks. Am Ind Hyg Assoc J. (1997) 58:278–85. doi: 10.1080/15428119791012793

 10. Sala E, Torri D, Tomasi C, Apostoli P. Stima del rischio da sovraccarico biomeccanico all'arto superiore condotta, con l'impiego di più metodi di analisi, in diversi settori manifatturieri [Risk assessment for upper extremity work related muscoloskeletal disorders in different manufactures by applying six methods of ergonomic analysis]. G Ital Med Lav Ergon. (2010) 32:162–73.

 11. Apostoli P, Sala E, Gullino A, Romano C. Analisi comparata dell'applicazione di quattro metodi per la valutazione del rischio biomeccanico per l'arto superiore [Comparative analysis of the use of 4 methods in the evaluation of the biomechanical risk to the upper limb]. G Ital Med Lav Ergon. (2004) 26:223–41.

 12. Sala E, Bonfiglioli R, Fostinellil J, Tomasi C, Graziosi F, Violante FS, et al. Metodi di valutazione del rischio da sovraccarico biomeccanico all'apparato muscolo scheletrico a confronto: esperienza applicativa di dieci anni [Risk assessment comparison of biomechanical overloading of the musculoskeletal system: 10 years' applied experience]. G Ital Med Lav Ergon. (2014) 36:260–6.

 13. Waters TR, Putz-Anderson V, Garg A, Fine LJ. Revised NIOSH equation for the design and evaluation of manual lifting tasks. Ergonomics. (1993) 36:749–76. doi: 10.1080/00140139308967940

 14. Baracco A, Bechis M, Spada S. Nuovo manuale di ergonomia industriale. Torino: CSAO (2019). p. 254–6.

 15. Jones T, Kumar S. Comparison of ergonomic risk assessment output in four sawmill jobs. Int J Occup Saf Ergon. (2010) 16:105–11. doi: 10.1080/10803548.2010.11076834

 16. Selye H. Stress and psychiatry. Am J Psychiat. (1956) 113:423–7. doi: 10.1176/ajp.113.5.423

 17. INRS. Méthode de prévention des troubles musculosquelettiques du membre supérieur et outils simples. Doc Med Trav. (2000) 83:187-223.

 18. Scarin S, Aspesi V, Malchiodi Albedi G, Cimolin V, Cau N, Galli S, et al. Slow versus traditional strength training in obese female participants: preliminary results. Int J Rehab Res. Internationale Zeitschrift fur Rehabilitationsforschung. Revue internationale de recherches de readaptation. (2019) 42:120–5. doi: 10.1097/MRR.0000000000000335

 19. Davila VJ, Meltzer AJ, Hallbeck MS, Stone WM, Money SR. Physical discomfort, professional satisfaction, and burnout in vascular surgeons. J Vasc Surg. (2019) 70:913–20.e2. doi: 10.1016/j.jvs.2018.11.026

 20. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, et al. What low back pain is and why we need to pay attention. Lancet. (2018) 391:2356–67. doi: 10.1016/S0140-6736(18)30480-X

 21. Koes BW, van Tulder M, Lin CW, Macedo LG, McAuley J, Maher C. An updated overview of clinical guidelines for the management of non-specific low back pain in primary care. Eur Spine J. (2010) 19:2075–94. doi: 10.1007/s00586-010-1502-y

 22. Maimaiti N, Wang J, Jin X, Wang S, Qin D, He L, et al. Cervical musculoskeletal disorders and their relationships with personal and work-related factors among electronic assembly workers. J Saf Res. (2019) 71:79–85. doi: 10.1016/j.jsr.2019.09.018

 23. Vargas-Prada S, Coggon D. Psychological and psychosocial determinants of musculoskeletal pain and associated disability. Best Pract Res Clin Rheumatol. (2015) 29:374–90. doi: 10.1016/j.berh.2015.03.003

 24. Veirman E, Van Ryckeghem D, De Paepe A, Kirtley OJ, Crombez G. Multidimensional screening for predicting pain problems in adults: a systematic review of screening tools and validation studies. Pain Rep. (2019) 4:e775. doi: 10.1097/PR9.0000000000000775

 25. Sala E, Albini E, Borghesi S, Gullino A, Romano C, Apostoli P. Patologie muscoloscheletriche dell'arto superiore in addetti alla filatura: assenza di rischio o carenza di metodi per valutare in modo adeguato il rischio? [Work-related musculoskeletal disorders of the upper extremity in spinning: lack of risk or of adequate methods for assessing risk?]. G Ital Med Lav Ergon. (2005) 27:8–20.

 26. Dahlqvist C, Nordander C, Forsman M, Enquist H. Self-recordings of upper arm elevation during cleaning - comparison between analyses using a simplified reference posture and a standard reference posture. BMC Musculoskelet Disord. (2018) 19:402. doi: 10.1186/s12891-018-2328-8

 27. García-Vidal JA, López-Nicolás M, Sánchez-Sobrado AC, Escolar-Reina MP, Medina-Mirapeix F, Bernabeu-Mora R. The combination of different ergonomic supports during dental procedures reduces the muscle activity of the neck and shoulder. J Clin Med. (2019) 8:1230. doi: 10.3390/jcm8081230

 28. Lenzi SE, Standoli CE, Andreoni G, Perego P, Lopomo NF. Comparison among standard method, dedicated toolbox and kinematic-based approach in assessing risk of developing upper limb musculoskeletal disorders. In: Ahram TZ, editor. Advances in Human Factors in Wearable Technologies and Game Design. Cham: Springer International Publishing (2019) p. 135–45.

 29. Ranavolo A, Chini G, Silvetti A, Mari S, Serrao M, Draicchio F. Myoelectric manifestation of muscle fatigue in repetitive work detected by means of miniaturized sEMG sensors. Int J Occup Saf Ergon. (2018) 24:464–74. doi: 10.1080/10803548.2017.1357867

 30. Standoli CE, Lenzi SE, Lopomo NF, Perego P, Andreoni G. Using digital human modeling to evaluate large scale retailers' furniture: two case studies. In: Cassenti DN, editor. Advances in Human Factors in Simulation and Modeling. Cham: Springer International Publishing (2019). p. 512–21.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The handling Editor declared a past co-authorship with several of the authors ES, PA, and GD.

Copyright © 2021 Sala, Lopomo, Tomasi, Romagnoli, Morotti, Apostoli and De Palma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-09-678827-t003.jpg
Work pressure 0.834
Current workload 0.795
Professional future

Involvement

Workload in general

Control over work

Attention

Variance (70%) 19%

379% of the variance is explained by the first four psychosocial factors, in bold.

0.884
-0.532

18%

0.505
0.846

17%

0.732
-0.579
16%





OPS/images/fpubh-09-678827-t001.jpg
Variables

Age, years

Length of service with the company, years
Length of service in the role, years

BMI, kg/m?

Distance from work, km

Borg scale rating

BMI, body mass index.

Average  SD.

34+10
10£7
9+6
245 £3.0
96+7.7
37+20

Min. - Max.

20-61
1-22
1-22

19-31
1-32

0.0-100





OPS/images/fpubh-09-678827-t002.jpg
Variables (N) Borg’s score, median (IQR)

Role Warehouse (N = 38) 3.00 (2.38-6.00)
Ramp (N = 18) 3.00 (2.75-4.00)
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