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Abstract

:

High physical work demands increase the risk of musculoskeletal disorders and sickness absence. Supermarket work involves a high amount of manual material handling. Identifying specific ergonomic risk factors is an important part of occupational health and safety efforts in the supermarket sector. In this cross-sectional field study among 64 supermarket workers, we used electromyography during the workday to determine the influence of lifting height and load mass on muscular workload of the low-back and neck/shoulder muscles during un-restricted manual material handling (grocery stocking). We found a significant effect of load mass, i.e., higher loads associated with higher muscular workload in the low-back and neck/shoulder muscles. We demonstrated a significant interaction between start and end position, i.e., lifts performed from ‘Low’ start positions to ‘High’ end positions demonstrated the highest low-back muscular workload, whereas ‘High’ positions were associated with increased neck/shoulder workload. In conclusion, lifting higher loads and lifting goods from low to high positions (low-back) and at high positions (neck/shoulder) are associated with higher muscular workload. These results can be used to guide highly warranted preventive initiatives to reduce the physical workload during supermarket work.
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1. Introduction


Ergonomic risk factors in the working environment and overall high physical demands at work constitute important risk factors for the development and aggravation of musculoskeletal disorders (MSD) [1,2,3], sickness absence [4,5], and disability pension [6,7]. High physical workload, e.g., high work exposure to repetitive arm movement, high force exertion, kneeling, squatting, or lifting, remains highly prevalent globally [8,9] and, thereby, imposes a substantial global burden on individuals, workplaces, and socio-economics [10,11]. Identifying and handling ergonomic risk factors at the workplace could potentially reduce this burden and, therefore, has become a major political priority [12].



Physically demanding work tasks, such as manual material handling (MMH), are highly common during supermarket stocking, which may partly explain the high prevalence of MSD among supermarket workers, especially in the low-back and neck/shoulder [13,14,15,16,17,18,19,20]. Hitherto, traditional ergonomic approaches focusing on handling technique have proven largely ineffective for the prevention and rehabilitation of MSD [21,22].



Instead, it may be worthwhile to focus on workplace factors that dictate the physical demands needed to fulfill a given MMH task. For instance, MMH at high heights often requires working with arms above shoulder level, which is a well-established risk factor for MSD in the neck and shoulders [3,23]. Likewise, low handling heights during supermarket stocking increase low-back loading and require high degrees of trunk flexion [24,25], which has been shown to increase the risk of low-back pain [26,27]. Finally, handling goods in awkward work postures has also been associated with an increased risk of low-back pain [2,28]. Thus, the high physical workload, i.e., muscular strain, associated with high exposure to these ergonomic work postures entails an increased risk of MSD. Therefore, identifying specific workplace factors associated with high physical workload may be an essential step in workplace-based prevention of MSD, sickness absence, and disability pension.



The assessment of physical workload during MMH activities has predominantly relied on self-reports or observational methods [29], which also pertains to the assessment of physical workload during supermarket work [13,17,18,20]. Although these methodological approaches have merit under certain circumstances, assessing physical workload by means of self-reports or observational methods generally demonstrate lower validity compared to technical measurements [30,31]. Therefore, more research is needed employing technical measurements to assess the physical workload.



Multiple biomechanical studies have assessed the influence of certain MMH factors in terms of physical workload, e.g., lifting height [32,33,34,35,36,37,38] and/or load mass [32,33,34,35,37,38,39]. However, many of these studies were conducted in laboratories under standardized conditions, which does not capture the complexity as well as intra- and inter-subject variability of un-restricted or real-life work practices. Exemplifying the pitfalls of laboratory-based investigations of real-life work exposures, Moriguchi and colleagues investigated the agreement in work postures, e.g., neck flexion/extension and upper arm elevation, recorded during simulated work tasks in a laboratory and the same work tasks performed in an un-restricted field environment [40]. The authors found that two simpler work tasks presented similar exposure in both conditions, whereas differences between conditions were reported for a more complex task (relay replacement), indicating insufficient reproduction of the field exposure. As another example, Faber and colleagues demonstrated six percent lower peak low-back (L5/S1 joint) moments during a typical laboratory-based lifting task compared to a more realistic task involving carrying the same load for a short distance [41]. These examples of troublesome extrapolation of real-life field exposures based on laboratory-based studies underline the importance of conducting risk assessment studies in as natural an environment as possible. As examples hereof, our lab has previously conducted comprehensive field investigations of muscular workload by use of portable electromyography (EMG) and accelerometers during full workdays of construction workers and nurses [42,43], but studies such as these are lacking in the supermarket sector. Thus, more field studies are needed using technical measurements to determine the importance of certain lifting factors for the physical workload during un-restricted supermarket work, in order to develop effective preventive initiatives for workplaces and work environment professionals aiming to reduce the burden of high physical workload and MSD.



In this field study, we combined surface electromyography (sEMG) and video recordings to estimate the influence of lifting height and load mass on the muscular workload of the low-back and neck/shoulder muscles during un-restricted MMH activities in supermarkets. We hypothesized that these lifting factors, especially in combination, would exert high influence on the muscular workload. Identifying factors at the supermarkets associated with high physical workload during un-restricted supermarket work could be valuable in terms of guiding preventive initiatives, for instance concerning re-design of store layouts and re-organization of the work. Thereby, these results could be important for workplace-based prevention of MSD, sickness absence, and disability pension in the supermarket sector.




2. Materials and Methods


2.1. Study Design and Setting


In accordance with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) reporting guidelines [44], this cross-sectional field study reports the estimates of muscular workload in relation to lifting height and load mass during grocery stocking among Danish supermarket workers (n = 75) from five different supermarket chains [45]. Research collaborators from The Danish Chamber of Commerce contacted and recruited representatives from interested supermarket chains, who were responsible for the recruitment of volunteering supermarket stores. Data were collected between December 2018 and July 2019. All experimental procedures were performed at the supermarkets and lasted approximately three hours for each participant, starting with informal consent and instrumentation of the sEMG equipment on the participant, followed by normalization of sEMG (more details below), recording of sEMG and video during work tasks in the store (see Figure 1), normalization of sEMG after recording in the store, and ultimately dismounting the sEMG equipment while debriefing.




2.2. Participants


Potential participants received written information about the research project prior to enrolment. In the present study, we included adult supermarket workers (≥18 years) that had been working roughly full-time (≥30 h per week) for a minimum of six months, and excluded candidates with severe cardiovascular disease, ambulatory systolic/diastolic blood pressure ≥160/100 mmHg, and pregnancy [43]. All participants (n = 75) were asked to reply to an electronic questionnaire regarding their work environment, lifestyle, and health, and the entire questionnaire and replies have been published previously [45]. Response rate for completing the entire questionnaire was 89% (n = 67). Complete data was not available for all participants, which explains why the exact number of participants for each analysis varies.




2.3. Ethical Approval


The Danish National Committee on Biomedical Research Ethics (The local ethical committee of Frederiksberg and Copenhagen; H-3-2010-062) approved the study. Complying with the Helsinki Declaration, all participants received both written and oral information about the study, potential risks related to the measurements, and their rights before giving oral and written informed consent. The National Research Centre for the Working Environment has a collective agreement with the Danish Data Protection Agency about data handling procedures compliant with the General Data Protection Regulation. Thereby, the in-house responsible person approved the study before initiating data collection. Data were handled and analyzed anonymously from a secure server at the National Research Centre for the Working Environment.




2.4. Operationalization of Lifting Height and Load Mass


During data collection, all participants performed approximately 1½–2 h of un-restricted MMH (grocery stocking), while the principal investigators (SVS and RB) carried out the technical measurements and simultaneously video recorded the work activities (see Figure 1) [45]. During data analysis, we used the video recordings to categorize the lifting tasks by lifting height and load mass (see below).




2.5. Lifting Height


By visually inspecting the video recordings, we categorized the start and end positions of the lifting tasks into three different heights: low, medium, and high.



Lifting heights were based on average-sized body segments. Thus, ‘Low’ height was defined as any lift initiated or terminated below an average-sized worker’s hip, whereas ‘High’ was defined as lifts of goods handled with the hands at or above shoulder height, with ‘Mod’/moderate heights representing lifts carried out between these two extremes, i.e., from the hip to the shoulder level.




2.6. Load Mass


To categorize the load mass of the handled goods, we weighed numerous of the most common goods within different product lines as well as relied on product declarations, e.g., assuming 1 L of milk weighing around 1 kg. If neither option was feasible, the assignment of the load handled was based on our best estimate. If our uncertainty was too high, the lifting sequence was not assigned a load mass. We noted the known/exact mass whenever possible, e.g., handling of two one-liter milks weighing two kg, and assigned load mass intervals when the exact mass was not known. We used the following load mass intervals: 0–1 kg, ≥1–5 kg, ≥5–10 kg, ≥10–15 kg, and ≥15 kg.




2.7. Experimental Design


We assessed muscular workload (based on myoelectric activity) using an experimental protocol previously applied and described by our lab [43,46]. Briefly, we combined sEMG measurements with simultaneous video recordings of the stocking activities in the supermarkets [45]. We measured muscular workload of the m. erector spinae longissimus, m. iliocostalis, and m. trapezius descendens, since these body regions (the low-back and neck/shoulders) are highly susceptible to MSD in general [47] and among supermarket workers [13,14,15,16,17,18,19,20].



Bipolar sEMG were recorded wirelessly (TeleMyo DTS Telemetry, Noraxon, AZ, USA) at a sampling rate of 1500 Hz and a bandwidth of 10–500 Hz, with the amplifier having a 16-bit A/D converter and a common mode rejection ratio >100 dB. Before instrumentation of electrodes, the skin was cleaned and prepared using scrubbing gel (Acqua gel, Meditec, Parma, Italy) to reduce skin impedance. Afterwards, electrodes (Blue Sensor N-00-S, Ambu A/S, Ballerup, Denmark) were placed bilaterally on the m. trapezius descendens, m. erector spinae longissimus, and m. iliocostalis with an inter-electrode distance of two centimeters [48]. Electrodes and cables were fixated to the skin using stretch tape (Fixomull), see Figure 2.




2.8. Maximal Voluntary Isometric Contractions


After attaching the electrodes and before initiating the measurements, sEMG normalization procedures were performed for the m. erector spinae (lying in the Biering-Sørensen position [49,50]) and upper trapezius muscles [25,43], which consisted of maximal voluntary isometric contractions (MVIC) [51,52]. The latter was performed standing in an upright position with arms held at 90 degrees abduction [46]. Participants performed three MVIC trials separated by one minute rest. The test leader informed the participants to progressively produce more force before reaching their maximum within 2–3 s, and the MVIC was terminated when the test leader informed the participant to stop, or the participant reached exhaustion. During MVICs, the test leader verbally encouraged the participants. After all of the MVIC trials, participants rated their effort on a 0–10 Borg’s rating scale. We repeated this procedure after performing the measurements with the highest recorded muscle activity chosen as the reference value for the sEMG normalization.



During data processing, all raw sEMG signals were digitally filtered through a Butterworth fourth-order high-pass filter (10 Hz cut-off frequency), and full-wave rectified and smoothed using a root-mean-square (RMS) filter with a moving window of 500 ms. In addition, all trials were visually inspected for non-physiological signal artefacts, e.g., spikes, gaps, or low signal-to-noise ratio. For each individual muscle and trial, the 95th percentile of the smoothed RMS signal was normalized (nRMS) to the maximal moving RMS (500-ms time constant) EMG amplitude obtained during the MVICs [53]. The nRMS values of the two bilateral erector spinae muscles (m. longissimus and m. iliocostalis) were merged, resulting in a summed muscular workload for the low-back. Likewise, we merged the nRMS values of the bilateral upper trapezius muscles (m. trapezius descendens) providing summed muscular workload for the neck/shoulder region.




2.9. Statistical Analyses


Data were analyzed using linear mixed models with repeated measures (Proc Mixed, SAS v9.4, SAS Institute, Cary, NC, USA). Muscular workload (normalized EMG) was the primary outcome measure. Estimates are reported as least-square means (LSM) with 95% confidence intervals of the 95th percentile rank of nRMS. Alpha levels below 0.05 were considered statistically significant.



The predictive variables were lifting start and end position (and their interaction), and load mass. The predictive variables were mutually controlled for each other. Additionally, all analyses were controlled for participant age (years, continuous variable) and sex (‘male’ or ‘female’, categorical variable). All analyses were stratified for muscle, i.e., low-back muscles and trapezius muscles were analyzed separately. When the exact load mass was known, we categorized the value to fit with the categorical values.





3. Results


Table 1 presents participant characteristics. Complete data on lifting height and load mass were available for 64 participants of which 56 completed the questionnaire. The 64 participants were on average 31 years old, 61% were men, and they generally rated themselves as healthy.



Muscular Workload


The muscular workload of the low-back and neck/shoulders are reported in Table 2, Table 3, Table 4 and Table 5. In addition, Supplementary Tables S1–S4 report differences in least-square means between conditions and their p-values.



Overall, we observed a significant effect of load mass and start and end position of the lifts for both the low-back and neck/shoulder muscles (p < 0.001). Thus, increments in load mass were generally associated with higher muscular workload of the low-back and neck/shoulders (Table 2). We found significant differences in low-back muscular workload between all load mass intervals, except between intervals 0–1 and ≥1–5 kg. Similarly, all load mass intervals differed significantly in terms of neck/shoulder muscular workload, expect for the ≥5–10 kg and ≥10–15 kg intervals.



Albeit the differences were generally minor compared with the differences between the load mass intervals, there were significant differences in low-back and neck/shoulder muscular workload between all lifting start and end positions, except between the ‘Low’ and ‘Mod’ end positions with respect to low-back muscular workload (Table 3). A ‘High’ start and/or end position demonstrated the highest muscular workload of the neck/shoulders, whereas differences between lifting heights were less pronounced and generally more modest for the low-back muscles. Still, the ‘Low’ start position was associated with the highest low-back muscular workload (27% nEMG, 95% CI: 25–29% nEMG). Importantly, the interaction between start and end position for muscular workload was significant (Table 4 and Table 5), i.e., different combinations of start and end positions influenced the workload differently. Across load mass intervals, lifts performed from ‘Low’ to ‘High’ positions were generally associated with the highest low-back muscular workload, e.g., 58% nEMG (95% CI: 40–76% nEMG) and 46% nEMG (95% CI: 39–52% nEMG) for load mass intervals >10–15 kg and >15 kg, respectively. Lifts performed at ‘High’ start or end positions generally associated with higher neck/shoulder muscular workloads compared to lifts that did not involve ‘High’ start or end positions.





4. Discussion


This study used sEMG field measurements to assess the importance of load mass and lifting height for the peak muscular workload of the low-back and neck/shoulder muscles among supermarket workers performing un-restricted stocking activities. Both load mass and start and end position during a given lift influenced the muscular workload. More specifically, lifts performed from ‘Low’ to ‘High’ were associated with a particularly high low-back muscular workload, whereas especially ‘High’ start and end positions demonstrated high workload of the neck/shoulder muscles. These results can guide preventive initiatives to reduce the physical workload during supermarket work.



These field measurements underscore that both load mass and lifting height influence peak muscular workload of the low-back and neck/shoulders. Higher load mass was consistently associated with higher muscular workload for both muscle groups. The positive association between load mass and peak muscular workload during un-restricted stocking supports the results of numerous previous laboratory and field studies reporting paralleled increases in load mass and workload of the lower back, knees, and shoulders [24,25,33,35,36,38,39,54]. Using state-of-the-art musculoskeletal models, Skals and colleagues recently demonstrated a clear positive linear relationship between load mass (five kg increments from 5 to 25 kg) and the peak joint reaction forces of the knee and shoulders, as well as the peak compression (L5/S1) and anteroposterior shear forces of the lumbar spine [38]. Likewise, Plamondon et al. reported significantly different peak lumbar spine moments (L5/S1) between lifting objects with load masses of 15 and 23 kg, respectively [54]. Contradictory, Silvetti et al. did not demonstrate differences in peak EMG of the m. deltoideus anterior or m. erector spinae longissimus between 6 and 8 kg loads, likely due to the relatively small difference between loads and low statistical power resulting from the inclusion of only five participating supermarket workers [37]. However, all of these studies included smaller samples than the present study (n from five to 30) and the lifts were performed under standardized conditions, which may have inhibited the subjects from handling the goods as they normally would. Hence, these studies may not have captured the natural intra- and inter-individual variation in lifting technique during real-life MMH, hereby compromising the studies’ external validity [24,25,55]. Nonetheless, the current field study among a large sample of supermarket workers clearly indicated that real-life stocking of supermarket goods of increased load masses was associated with an increased muscular workload in both the low-back and neck/shoulder muscles.



In line with multiple previous reports [24,25,33,35,36,37,38,54], our field study also underpins lifting height as an important lifting factor influencing peak muscular workload. Specifically, our data indicated that ‘High’ lifting start and end positions were associated with particularly increased neck/shoulder muscular workload, e.g., lifts from either ‘Low’ or ‘Mod’ start positions to ‘High’ end positions. Previous studies assessing outcomes such as glenohumeral joint reaction forces [24,38] and peak EMG activity of the m. deltoideus [36,37] and m. trapezius descendens [25] have reported similar findings, e.g., higher neck/shoulder workloads at high lifting heights.



Differences between lifting heights considered in isolation were generally less pronounced in the present study in terms of low-back muscular workload compared to the clearer influence of load mass. Still, the ‘Low’ lifting start position demonstrated the highest low-back peak muscular workload of all lifting height conditions, while no significant difference existed between the ‘Low’ and ‘Mod’ lifting end positions, and only marginal difference existed between the ‘Low’ and ‘High’ lifting end positions. However, the interaction analyses demonstrated that especially lifts performed from ‘Low’ to ‘High’ positions were associated with high low-back muscular workload. Previous studies have demonstrated increased low-back peak workloads (forces/moments) at lower lifting heights compared to higher lifting positions [35,38,54]. However, other studies carried out in a supermarket context have also reported surprisingly high peak EMG activity of the low-back when lifts were performed at or to high lifting heights [25,37]. One explanation for this can be that the workers chose to accelerate the goods from the starting position using their lower back to alleviate their shoulders at high end positions, which may have resulted in a brief moment of high muscular activity [38]. Furthermore, long reaching distances when placing goods at high shelves could also result in high m. erector spinae activity to counteract the increased moment at the lower back. Thus, an important take-home-message from our field study is that ‘High’ lifting heights are associated with both a high neck/shoulder workload and low-back workload, which was also observed in a recent field study in the supermarket sector [25].



Importantly, some studies [36,54], but not all [37,54], have previously reported significant interactions between lifting load and height. Poitras and colleagues found a significant interaction between lifting load and height [36], whereas Silvetti found no such interaction [37]. Plamondon observed an interaction between lifting load and height when the peak forces were obtained during the lifting phase, but not during the deposit phase [54]. Thus, conflicting evidence exist about the interaction between lifting load and height in terms of workload, although most studies observed an interaction.



4.1. Practical Applications


Reducing the physical workload associated with supermarket work seems warranted for several reasons previously elaborated. First, high physical workload is associated with MSD across occupations [1,2,3]. Secondly, supermarket work is in general physically demanding [20,24,25,56], and a high prevalence of MSD is often reported among supermarket workers [13,14,15,16,17,18,19,20]. Thus, it is reasonable to speculate that high physical work demands represent one contributing factor to the high prevalence of MSD among supermarket workers. Reducing the physical workload during supermarket work could therefore be one viable strategy to reduce the overall burden of MSD in this group of workers.



Both our field study and other studies conducted under more standardized conditions concordantly underpin lifting height and load mass as important lifting factors determining the physical demands of a given lift. It should be kept in mind that studies (the present study included) investigating physical workload only provide a snapshot of the workers’ working life. The workers are exposed to these lifts during a large part of the working day, several days per week, and for many years. Our lab previously observed a positive exposure-response association between lifting load and low-back pain intensity among supermarket workers [56], indicating a negative short-term effect of accumulative occupational lifting on low-back pain. This load accumulation during the working day and working life underscores the necessity for conducting initiatives to reduce the physical workload in the short- and long-term.



Reducing the load mass of the heaviest parcels could be a good place to start. Skals and colleagues have previously reported load masses of some of the most common goods in a Danish supermarket chain [24,25]. Bananas and milk were by far the heaviest goods included in this study, averaging 20.2 kg and 17.3 kg, respectively. If supermarket chains collectively demanded lowered parcel masses from the suppliers, this could help reduce the peak workload during supermarket stocking. Another solution could be to prioritize stocking fewer goods at a time, e.g., stock one milk at a time instead of lifting the whole box of milk on the shelf. Neither of these possible solutions would, however, reduce the total accumulated workload as the supermarkets’ product range would still have to match customer requirements to remain competitive. This is unfortunate as both peak and cumulative loading have been prospectively associated with MSD [56,57,58]. Recent evidence from the supermarket sector suggests a high potential of workload management on both a daily and weekly basis in terms of low-back pain intensity [56]. Hence, proper organization and distribution of the work should be prioritized, ensuring adequate rest during the workday and days off from work. Today, it is current practice in Danish supermarkets to carry out the predominant part of stocking tasks during the early hours to ensure full shelves when opening the stores for customers. This entails an uneven workload between workers working morning shifts and workers working afternoon shifts, e.g., those workers working morning shifts performing the vast majority of the physically demanding stocking tasks. It could make sense to distribute stocking tasks, and hence, the workload, to more workers during the whole day instead of predominantly those working in the morning. Increasing variation in the physical demands could also be meaningful, and could include workers rotating between work tasks, job categories, or departments [14,18,20] with higher and lower physical demands and different exposure profiles, e.g., alternating heavy lifting, cashier work, and rest. Recently, a feasibility study has suggested that work can be re-organized and thereby reduce fatigue and pain while also increasing energy [59], and this could theoretically also work in supermarkets due to the high diversity in work tasks and hence variation in exposure profiles.



A previous study among supermarket workers indicated that use of a technical assistive device was suitable and associated with lowered physical workload [60]. One explanation for the lower workload could be that technical assistive devices allow adjustments of the lifting height. Knowing that low lifting heights are associated with increased low-back loading [35,38,54], increased and proper use of technical assistive devices could be worth pursuing in the supermarket sector. Having the right assistive devices for the work tasks at hand may be important as well, granted that differences in physical workload have been reported between different technical assistive devices [61,62]. In relation to this, a recent Danish study among young supermarket workers suggested accessibility and functionality of the technical devices as places for improvement worth focusing on in the occupational health and safety work in the supermarkets [63]. However, it should be noted that the overall positive evidence for the prevention of MSD by use of technical devices is not convincing, which could be due to unsuccessful implementation [21,22].



In addition, work environment professionals, working environment inspection authorities, and the individual supermarkets should be aware that the results of this and previous field studies [25] indicate that handling low loads in awkward positions or at high heights may also place large physical demands on the workers. Thus, both our data and previous reports [24,25] suggest that proper and work environment-friendly design of the supermarkets [16,64,65] may be relevant in terms of reducing the physical workload, for instance, by removing or adjusting the height of the lowest and highest shelves. In fact, some supermarket chains in Denmark have already integrated these work environment considerations into their physical store concepts. Future studies should investigate such developments in relation to the physical workload during stocking, as improving the store layout and shelf design could possibly alleviate peak and cumulative workloads during grocery stocking.




4.2. Strengths and Limitations


This study contains several strengths and limitations. Strengths include the comparably large sample size, the use of technical measurements instead of more bias-prone self-reports [31], diversity in the inclusion of different supermarket types and sizes increasing generalizability, and the within-subject repeated measures design increasing the statistical power.



Although our applied methodology aimed to minimize the risk hereof, EMG contains some general limitations such as difficulty establishing a valid maximum effort for sEMG normalization, signal dropout, cross-talk, and poor skin-electrode contact [66]. EMG collected during dynamic conditions can also be somewhat problematic, as the changing length and pennation angle of the muscle fibers can influence the amplitude and frequency content of the signals. Nevertheless, during high dynamic conditions with increasing workload, a consistent association between load and normalized EMG exists [67]. The fact that data were collected in the field during daily work is both a strength and weakness of the study. The real-world conditions increase the external validity but comes at the expense of lower internal validity granted that the lifts were not standardized. Considering that lifting is a dynamic movement, lifting factors other than lifting load and height influence the physical workload as well, e.g., asymmetry angle and horizontal location [38,68]. Thus, this study is an example of a simple biomechanical assessment compared to more advanced lifting indexes incorporating multiple lifting factors. We assessed peak muscular workload, but it still remains to be determined whether peak or cumulative loading is the strongest predictor of MSD [57,58]. It would yield a more realistic picture if we had measured during the whole workday and over several days instead of just one [69]. It is also reasonable to speculate that health status, i.e., occurrence of musculoskeletal pain, could have affected the participants’ work behavior, and we did not control for this. In addition, the EMG method is highly time-consuming and holds the risk of altered behavior due to the awareness of being observed (the Hawthorne effect).





5. Conclusions


These technical field measurements demonstrate a significant influence of load mass and lifting heights on muscular workload of the low-back and neck/shoulder muscles during grocery stocking across five supermarket chains. More specifically, a significant interaction was found between start and end position, e.g., lifts performed from ‘Low’ to ‘High’ were associated with a particularly high low-back muscular workload, whereas especially ‘High’ start and end positions demonstrated high workload of the neck/shoulders. These results can guide and should encourage preventive initiatives in the supermarket sector, such as work re-organization, re-designing shelf heights, and improved use of technical assistive devices.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph19053030/s1, Table S1. Differences in least-square means (DLSM) between conditions and p-value (p=); Table S2. Differences in least-square means (DLSM) between conditions and p-value (p=); Table S3. Differences in least-square means (DLSM) between conditions and p-value (p=); Table S4. Differences in least-square means (DLSM) between conditions and p-value (p=).





Author Contributions


S.V.S.: project leader, collected and processed the data, drafted the first version of the manuscript, revised, and sent in the final version of the manuscript. R.B.: contributed to the design of the study, recruited participants, initiated the data collection, collected, and processed the data. S.S.: contributed to the design of the study, assisted in collecting the data and provided valuable assistance during data processing. M.D.J.: provided technical assistance during data processing. L.L.A.: had the idea for the study, designed the study, wrote the grant application, obtained the funding, and performed the statistical analyses. All authors participated in discussions around the study as well as critically revised the study. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by a project grant from the Danish Working Environment Research Fund (grant number: 20175100870). The funder had no influence on study design, data collection, processing and analysis, decision to publish, or preparation of the manuscript.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Danish National Committee on Biomedical Research Ethics (The local ethical committee of Frederiksberg and Copenhagen; H-3-2010-062).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to general data protection regulations (GDPR), and personal data ordinance (PDPO).




Acknowledgments


We are very grateful for the time and effort allocated to this study by the chain representatives, local store managers and supermarket workers, as well as our collaborators from The Danish Chamber of Commerce.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Coenen, P.; Gouttebarge, V.; van der Burght, A.S.A.M.; van Dieën, J.H.; Frings-Dresen, M.H.W.; van der Beek, A.J.; Burdorf, A. The Effect of Lifting during Work on Low Back Pain: A Health Impact Assessment Based on a Meta-Analysis. Occup. Environ. Med. 2014, 71, 871–877. [Google Scholar] [CrossRef] [PubMed]

	



da Costa, B.R.; Vieira, E.R. Risk Factors for Work-Related Musculoskeletal Disorders: A Systematic Review of Recent Longitudinal Studies. Am. J. Ind. Med. 2010, 53, 285–323. [Google Scholar] [CrossRef]

	



Mayer, J.; Kraus, T.; Ochsmann, E. Longitudinal Evidence for the Association between Work-Related Physical Exposures and Neck and/or Shoulder Complaints: A Systematic Review. Int. Arch. Occup. Environ. Health 2012, 85, 587–603. [Google Scholar] [CrossRef] [PubMed]

	



Andersen, L.L.; Thorsen, S.V.; Flyvholm, M.-A.; Holtermann, A. Long-Term Sickness Absence from Combined Factors Related to Physical Work Demands: Prospective Cohort Study. Eur. J. Public Health 2018, 28, 824–829. [Google Scholar] [CrossRef] [PubMed]

	



Lallukka, T.; Hiilamo, A.; Oakman, J.; Mänty, M.; Pietiläinen, O.; Rahkonen, O.; Kouvonen, A.; Halonen, J.I. Recurrent Pain and Work Disability: A Record Linkage Study. Int. Arch. Occup. Environ. Health 2020, 93, 421–432. [Google Scholar] [CrossRef]

	



Arndt, V.; Rothenbacher, D.; Daniel, U.; Zschenderlein, B.; Schuberth, S.; Brenner, H. Construction Work and Risk of Occupational Disability: A Ten Year Follow up of 14,474 Male Workers. Occup. Environ. Med. 2005, 62, 559–566. [Google Scholar] [CrossRef]

	



Fimland, M.S.; Vie, G.; Holtermann, A.; Krokstad, S.; Nilsen, T.I.L. Occupational and Leisure-Time Physical Activity and Risk of Disability Pension: Prospective Data from the HUNT Study, Norway. Occup. Environ. Med. 2018, 75, 23–28. [Google Scholar] [CrossRef]

	



European Agency for Safety and Health at Work. Third European Survey of Enterprises on New and Emerging Risks (ESENER 3); European Agency for Safety and Health at Work: Bilbao, Spain, 2019. [Google Scholar]

	



Hulshof, C.T.J.; Pega, F.; Neupane, S.; van der Molen, H.F.; Colosio, C.; Daams, J.G.; Descatha, A.; Kc, P.; Kuijer, P.P.F.M.; Mandic-Rajcevic, S.; et al. The Prevalence of Occupational Exposure to Ergonomic Risk Factors: A Systematic Review and Meta-Analysis from the WHO/ILO Joint Estimates of the Work-Related Burden of Disease and Injury. Environ. Int. 2021, 146, 106157. [Google Scholar] [CrossRef]

	



Bevan, S. Economic Impact of Musculoskeletal Disorders (MSDs) on Work in Europe. Best Pract. Res. Clin. Rheumatol. 2015, 29, 356–373. [Google Scholar] [CrossRef]

	



Wilkie, R.; Pransky, G. Improving Work Participation for Adults with Musculoskeletal Conditions. Best Pract. Res. Clin. Rheumatol. 2012, 26, 733–742. [Google Scholar] [CrossRef]

	



European Agency for Safety and Health at Work. Healthy Workplaces LIGHTEN THE LOAD 2020–22. Available online: https://healthy-workplaces.eu/en (accessed on 14 April 2021).

	



Anton, D.; Weeks, D.L. Prevalence of Work-Related Musculoskeletal Symptoms among Grocery Workers. Int. J. Ind. Ergon. 2016, 54, 139–145. [Google Scholar] [CrossRef]

	



Balogh, I.; Ohlsson, K.; Nordander, C.; Björk, J.; Hansson, G.-Å. The Importance of Work Organization on Workload and Musculoskeletal Health–Grocery Store Work as a Model. Appl. Ergon. 2016, 53, 143–151. [Google Scholar] [CrossRef] [PubMed]

	



Forcier, L.; Lapointe, C.; Lortie, M.; Buckle, P.; Kuorinka, I.; Lemaire, J.; Beaugrand, S. Supermarket Workers: Their Work and Their Health, Particularly Their Self-Reported Musculoskeletal Problems and Compensable Injuries. Work 2008, 30, 493–510. [Google Scholar]

	



Porter, J.; Almeida, G.M.; Freer, M.; Case, K. The Design of Supermarket Workstations to Reduce the Incidence of Musculo-Skeletal Discomfort. In Proceedings of the Designing for Everyone: Proceedings of the Eleventh Congress of the International Ergonomics Association, Paris, France, 15–18 July 1991; Taylor & Francis: Abingdon, UK, 1991; pp. 1122–1124. [Google Scholar]

	



Rahman, M.N.A.; Zuhaidi, M.F.A. Musculoskeletal Symptoms and Ergonomic Hazards among Material Handlers in Grocery Retail Industries. IOP Conf. Ser. Mater. Sci. Eng. 2017, 226, 012027. [Google Scholar] [CrossRef]

	



Ryan, G.A. The Prevalence of Musculo-Skeletal Symptoms in Supermarket Workers. Ergonomics 1989, 32, 359–371. [Google Scholar] [CrossRef] [PubMed]

	



da Silva, M.B.; Picasso, C.L.M.; Rosito, M.P.; da Silva, M.B.; Picasso, C.L.M.; Rosito, M.P. Epidemiological Profile of Workers with Musculoskeletal Disorders of a Supermarket Company. Fisioter. Mov. 2015, 28, 573–581. [Google Scholar] [CrossRef]

	



Violante, F.S.; Graziosi, F.; Bonfiglioli, R.; Curti, S.; Mattioli, S. Relations between Occupational, Psychosocial and Individual Factors and Three Different Categories of Back Disorder among Supermarket Workers. Int. Arch. Occup. Environ. Health 2005, 78, 613–624. [Google Scholar] [CrossRef]

	



Sundstrup, E.; Seeberg, K.G.V.; Bengtsen, E.; Andersen, L.L. A Systematic Review of Workplace Interventions to Rehabilitate Musculoskeletal Disorders Among Employees with Physical Demanding Work. J. Occup. Rehabil. 2020, 30, 588–612. [Google Scholar] [CrossRef]

	



Verbeek, J.H.; Martimo, K.-P.; Karppinen, J.; Kuijer, P.P.F.; Viikari-Juntura, E.; Takala, E.-P. Manual Material Handling Advice and Assistive Devices for Preventing and Treating Back Pain in Workers. Cochrane Database Syst. Rev. 2011, 6, 1465–1858. [Google Scholar] [CrossRef]

	



van der Molen, H.F.; Foresti, C.; Daams, J.G.; Frings-Dresen, M.H.W.; Kuijer, P.P.F.M. Work-Related Risk Factors for Specific Shoulder Disorders: A Systematic Review and Meta-Analysis. Occup. Environ. Med. 2017, 74, 745–755. [Google Scholar] [CrossRef]

	



Skals, S.; Bláfoss, R.; Andersen, L.L.; Andersen, M.S.; de Zee, M. Manual Material Handling in the Supermarket Sector. Part 2: Knee, Spine and Shoulder Joint Reaction Forces. Appl. Ergon. 2021, 92, 103345. [Google Scholar] [CrossRef] [PubMed]

	



Skals, S.; Bláfoss, R.; Andersen, M.S.; de Zee, M.; Andersen, L.L. Manual Material Handling in the Supermarket Sector. Part 1: Joint Angles and Muscle Activity of Trapezius Descendens and Erector Spinae Longissimus. Appl. Ergon. 2021, 92, 103340. [Google Scholar] [CrossRef] [PubMed]

	



Hoogendoorn, W.E.; Bongers, P.M.; de Vet, H.C.; Douwes, M.; Koes, B.W.; Miedema, M.C.; Ariëns, G.A.; Bouter, L.M. Flexion and Rotation of the Trunk and Lifting at Work Are Risk Factors for Low Back Pain: Results of a Prospective Cohort Study. Spine 2000, 25, 3087–3092. [Google Scholar] [CrossRef]

	



Jansen, J.P.; Morgenstern, H.; Burdorf, A. Dose-Response Relations between Occupational Exposures to Physical and Psychosocial Factors and the Risk of Low Back Pain. Occup. Environ. Med. 2004, 61, 972–979. [Google Scholar] [CrossRef] [PubMed]

	



Swain, C.T.V.; Pan, F.; Owen, P.J.; Schmidt, H.; Belavy, D.L. No Consensus on Causality of Spine Postures or Physical Exposure and Low Back Pain: A Systematic Review of Systematic Reviews. J. Biomech. 2019, 102, 109312. [Google Scholar] [CrossRef] [PubMed]

	



Giannini, P.; Bassani, G.; Avizzano, C.A.; Filippeschi, A. Wearable Sensor Network for Biomechanical Overload Assessment in Manual Material Handling. Sensors 2020, 20, 3877. [Google Scholar] [CrossRef] [PubMed]

	



Kwak, L.; Proper, K.I.; Hagströmer, M.; Sjöström, M. The Repeatability and Validity of Questionnaires Assessing Occupational Physical Activity—A Systematic Review. Scand. J. Work. Environ. Health 2011, 37, 6–29. [Google Scholar] [CrossRef] [PubMed]

	



Takala, E.-P.; Pehkonen, I.; Forsman, M.; Hansson, G.-Å.; Mathiassen, S.; Neumann, W.P.; Sjøgaard, G.; Veiersted, K.B.; Westgaard, R.H.; Winkel, J. Systematic Evaluation of Observational Methods Assessing Biomechanical Exposures at Work. Scand. J. Work. Environ. Health 2010, 36, 3–24. [Google Scholar] [CrossRef]

	



Blache, Y.; Dal Maso, F.; Desmoulins, L.; Plamondon, A.; Begon, M. Superficial Shoulder Muscle Co-Activations during Lifting Tasks: Influence of Lifting Height, Weight and Phase. J. Electromyogr. Kinesiol. 2015, 25, 355–362. [Google Scholar] [CrossRef]

	



Blache, Y.; Desmoulins, L.; Allard, P.; Plamondon, A.; Begon, M. Effects of Height and Load Weight on Shoulder Muscle Work during Overhead Lifting Task. Ergonomics 2015, 58, 748–761. [Google Scholar] [CrossRef]

	



Hoozemans, M.J.M.; Kingma, I.; de Vries, W.H.K.; van Dieën, J.H. Effect of Lifting Height and Load Mass on Low Back Loading. Ergonomics 2008, 51, 1053–1063. [Google Scholar] [CrossRef] [PubMed]

	



Lavender, S.A.; Andersson, G.B.J.; Schipplein, O.D.; Fuentes, H.J. The Effects of Initial Lifting Height, Load Magnitude, and Lifting Speed on the Peak Dynamic L5/S1 Moments. Int. J. Ind. Ergon. 2003, 31, 51–59. [Google Scholar] [CrossRef]

	



Poitras, I.; Bielmann, M.; Campeau-Lecours, A.; Mercier, C.; Bouyer, L.J.; Roy, J.-S. Validity of Wearable Sensors at the Shoulder Joint: Combining Wireless Electromyography Sensors and Inertial Measurement Units to Perform Physical Workplace Assessments. Sensors 2019, 19, 1885. [Google Scholar] [CrossRef]

	



Silvetti, A.; Mari, S.; Ranavolo, A.; Forzano, F.; Iavicoli, S.; Conte, C.; Draicchio, F. Kinematic and Electromyographic Assessment of Manual Handling on a Supermarket Green-Grocery Shelf. Work 2015, 51, 261–271. [Google Scholar] [CrossRef]

	



Skals, S.; Bláfoss, R.; de Zee, M.; Andersen, L.L.; Andersen, M.S. Effects of Load Mass and Position on the Dynamic Loading of the Knees, Shoulders and Lumbar Spine during Lifting: A Musculoskeletal Modelling Approach. Appl. Ergon. 2021, 96, 103491. [Google Scholar] [CrossRef] [PubMed]

	



Tucker, K.; Falla, D.; Graven-Nielsen, T.; Farina, D. Electromyographic Mapping of the Erector Spinae Muscle with Varying Load and during Sustained Contraction. J. Electromyogr. Kinesiol. 2009, 19, 373–379. [Google Scholar] [CrossRef]

	



Moriguchi, C.S.; Carnaz, L.; Júnior, L.C.M.; Marklin, R.W.; Coury, H.J.C.G. Are Posture Data from Simulated Tasks Representative of Field Conditions? Case Study for Overhead Electric Utility Workers. Ergonomics 2012, 55, 1382–1394. [Google Scholar] [CrossRef]

	



Faber, G.S.; Kingma, I.; van Dieën, J.H. Effect of Initial Horizontal Object Position on Peak L5/S1 Moments in Manual Lifting Is Dependent on Task Type and Familiarity with Alternative Lifting Strategies. Ergonomics 2011, 54, 72–81. [Google Scholar] [CrossRef]

	



Brandt, M.; Madeleine, P.; Samani, A.; Ajslev, J.Z.; Jakobsen, M.D.; Sundstrup, E.; Andersen, L.L. Effects of a Participatory Ergonomics Intervention with Wearable Technical Measurements of Physical Workload in the Construction Industry: Cluster Randomized Controlled Trial. J. Med. Internet Res. 2018, 20, e10272. [Google Scholar] [CrossRef]

	



Vinstrup, J.; Jakobsen, M.D.; Madeleine, P.; Andersen, L.L. Biomechanical Load during Patient Transfer with Assistive Devices: Cross-Sectional Study. Ergonomics 2020, 63, 1164–1174. [Google Scholar] [CrossRef]

	



von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies. J. Clin. Epidemiol. 2008, 61, 344–349. [Google Scholar] [CrossRef] [PubMed]

	



Skovlund, S.V.; Bláfoss, R.; Skals, S.; Jakobsen, M.D.; Andersen, L.L. Technical Field Measurements of Muscular Workload during Stocking Activities in Supermarkets: Cross-Sectional Study. Sci. Rep. 2022, 12, 934. [Google Scholar] [CrossRef] [PubMed]

	



Vinstrup, J.; Madeleine, P.; Jakobsen, M.D.; Jay, K.; Andersen, L.L. Patient Transfers and Risk of Back Injury: Protocol for a Prospective Cohort Study With Technical Measurements of Exposure. JMIR Res. Protoc. 2017, 6, e212. [Google Scholar] [CrossRef]

	



GBD 2017 Disease and Injury Incidence and Prevalence Collaborators Disease and Injury Incidence and Prevalence Collaborators Global, Regional, and National Incidence, Prevalence, and Years Lived with Disability for 354 Diseases and Injuries for 195 Countries and Territories, 1990–2017: A Systematic Analysis for the Global Burden of Disease Study 2017. Lancet 2018, 392, 1789–1858. [CrossRef]

	



Hermens, H.J.; Freriks, B.; Disselhorst-Klug, C.; Rau, G. Development of Recommendations for SEMG Sensors and Sensor Placement Procedures. J. Electromyogr. Kinesiol. 2000, 10, 361–374. [Google Scholar] [CrossRef]

	



Biering-Sørensen, F. Physical Measurements as Risk Indicators for Low-Back Trouble over a One-Year Period. Spine 1984, 9, 106–119. [Google Scholar] [CrossRef]

	



Jackson, J.A.; Mathiassen, S.E.; Callaghan, J.P.; Dempsey, P.G. Precision Based Guidelines for Sub-Maximal Normalisation Task Selection for Trunk Extensor EMG. J. Electromyogr. Kinesiol. 2017, 37, 41–51. [Google Scholar] [CrossRef]

	



Besomi, M.; Hodges, P.W.; Clancy, E.A.; Van Dieën, J.; Hug, F.; Lowery, M.; Merletti, R.; Søgaard, K.; Wrigley, T.; Besier, T.; et al. Consensus for Experimental Design in Electromyography (CEDE) Project: Amplitude Normalization Matrix. J. Electromyogr. Kinesiol. 2020, 53, 102438. [Google Scholar] [CrossRef]

	



Burden, A. How Should We Normalize Electromyograms Obtained from Healthy Participants? What We Have Learned from over 25 years of Research. J. Electromyogr. Kinesiol. 2010, 20, 1023–1035. [Google Scholar] [CrossRef]

	



Jonsson, B. Measurement and Evaluation of Local Muscular Strain in the Shoulder during Constrained Work. J. Hum. Ergol. 1982, 11, 73–88. [Google Scholar]

	



Plamondon, A.; Larivière, C.; Delisle, A.; Denis, D.; Gagnon, D. Relative Importance of Expertise, Lifting Height and Weight Lifted on Posture and Lumbar External Loading during a Transfer Task in Manual Material Handling. Ergonomics 2012, 55, 87–102. [Google Scholar] [CrossRef] [PubMed]

	



Jakobsen, M.D.; Sundstrup, E.; Persson, R.; Andersen, C.H.; Andersen, L.L. Is Borg’s Perceived Exertion Scale a Useful Indicator of Muscular and Cardiovascular Load in Blue-Collar Workers with Lifting Tasks? A Cross-Sectional Workplace Study. Eur. J. Appl. Physiol. 2014, 114, 425–434. [Google Scholar] [CrossRef]

	



Andersen, L.L.; Fallentin, N.; Ajslev, J.Z.N.; Jakobsen, M.D.; Sundstrup, E. Association between Occupational Lifting and Day-to-Day Change in Low-Back Pain Intensity Based on Company Records and Text Messages. Scand. J. Work. Environ. Health 2017, 43, 68–74. [Google Scholar] [CrossRef] [PubMed]

	



Coenen, P.; Kingma, I.; Boot, C.R.L.; Bongers, P.M.; van Dieën, J.H. Cumulative Mechanical Low-Back Load at Work Is a Determinant of Low-Back Pain. Occup. Environ. Med. 2014, 71, 332–337. [Google Scholar] [CrossRef]

	



Norman, R.; Wells, R.; Neumann, P.; Frank, J.; Shannon, H.; Kerr, M. A Comparison of Peak vs Cumulative Physical Work Exposure Risk Factors for the Reporting of Low Back Pain in the Automotive Industry. Clin. Biomech. 1998, 13, 561–573. [Google Scholar] [CrossRef]

	



Lerche, A.F.; Mathiassen, S.E.; Rasmussen, C.L.; Straker, L.; Søgaard, K.; Holtermann, A. Development and Implementation of “Just Right” Physical Behavior in Industrial Work Based on the Goldilocks Work Principle-A Feasibility Study. Int. J. Environ. Res. Public Health 2021, 18, 4707. [Google Scholar] [CrossRef] [PubMed]

	



Ohu, I.P.N.; Cho, S.; Kim, D.H.; Lee, G.H. Ergonomic Analysis of Mobile Cart–Assisted Stocking Activities Using Electromyography. Hum. Factors Ergon. Manuf. Serv. Ind. 2016, 26, 40–51. [Google Scholar] [CrossRef]

	



Davis, K.G.; Orta Anés, L. Potential of Adjustable Height Carts in Reducing the Risk of Low Back Injury in Grocery Stockers. Appl. Ergon. 2014, 45, 285–292. [Google Scholar] [CrossRef]

	



Harris-Adamson, C.; Mielke, A.; Xu, X.; Lin, J.-H. Ergonomic Evaluation of Standard and Alternative Pallet Jack Handless. Int. J. Ind. Ergon. 2016, 54, 113–119. [Google Scholar] [CrossRef]

	



Albertsen, K.; Grøn, S.; Meyland, K.K.; Limborg, H.J. Youth Health and Safety Groups: Process Evaluation from an Intervention in Danish Supermarkets. Nord. J. Work. Life Stud. 2020, 11, 25–46. [Google Scholar] [CrossRef]

	



Anderson, V.P.; Chun, H. Workplace Hazards and Prevention Options from a Nonrandom Sample of Retail Trade Businesses. Int. J. Occup. Saf. Ergon. 2014, 20, 181–195. [Google Scholar] [CrossRef]

	



Pires, M.; Pratas, J.; Liz, J.; Amorim, P. A Framework for Designing Backroom Areas in Grocery Stores. Int. J. Retail. Distrib. Manag. 2017, 45, 230–252. [Google Scholar] [CrossRef]

	



Staudenmann, D.; Roeleveld, K.; Stegeman, D.F.; van Dieën, J.H. Methodological Aspects of SEMG Recordings for Force Estimation—A Tutorial and Review. J. Electromyogr. Kinesiol. 2010, 20, 375–387. [Google Scholar] [CrossRef]

	



Andersen, L.L.; Andersen, C.H.; Mortensen, O.S.; Poulsen, O.M.; Bjørnlund, I.B.T.; Zebis, M.K. Muscle Activation and Perceived Loading during Rehabilitation Exercises: Comparison of Dumbbells and Elastic Resistance. Phys. Ther. 2010, 90, 538–549. [Google Scholar] [CrossRef] [PubMed]

	



Ranavolo, A.; Varrecchia, T.; Iavicoli, S.; Marchesi, A.; Rinaldi, M.; Serrao, M.; Conforto, S.; Cesarelli, M.; Draicchio, F. Surface Electromyography for Risk Assessment in Work Activities Designed Using the “Revised NIOSH Lifting Equation”. Int. J. Ind. Ergon. 2018, 68, 34–45. [Google Scholar] [CrossRef]

	



Koch, M.; Lunde, L.-K.; Gjulem, T.; Knardahl, S.; Veiersted, K.B. Validity of Questionnaire and Representativeness of Objective Methods for Measurements of Mechanical Exposures in Construction and Health Care Work. PLoS ONE 2016, 11, e0162881. [Google Scholar] [CrossRef]








[image: Ijerph 19 03030 g001 550] 





Figure 1. Measurements of muscular workload using sEMG and synchronous video recording. 
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Figure 2. Example of placement of sEMG electrodes fixated with Fixomull. 
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Table 1. Participant characteristics.
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	n
	Mean
	SD
	%





	Age (years)
	64
	31.1
	12.5
	



	Gender
	64
	
	
	



	Women
	25
	
	
	39



	Men
	39
	
	
	61



	Height (cm)
	56
	175.3
	10.8
	



	Weight (kg)
	56
	77.4
	15.8
	



	Smoking
	56
	
	
	



	Yes, daily
	16
	
	
	29



	Yes, sometimes
	5
	
	
	9



	Ex-smoker
	10
	
	
	18



	No, never
	25
	
	
	45



	General health
	56
	
	
	



	Excellent
	9
	
	
	16



	Quite good
	19
	
	
	34



	Good
	23
	
	
	41



	Not good
	5
	
	
	9







n = number, SD = standard deviation, % = percentage.
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Table 2. Muscular workload by load mass. Estimates are presented as % nEMG (95% CI).






Table 2. Muscular workload by load mass. Estimates are presented as % nEMG (95% CI).





	
Load Mass (kg)

	
% nEMG






	

	
Low-Back

	
Neck/Shoulders




	
0–1

	
20 (18–21)

	
22 (20–23)




	
≥1–5

	
20 (18–22)

	
23 (22–24)




	
≥5–10

	
26 (24–28)

	
26 (25–28)




	
≥10–15

	
29 (27–31)

	
26 (24–29)




	
≥15

	
32 (30–34)

	
31 (29–32)








Muscular workload estimates color graded from green to red, with lower estimates marked as nuances of green and higher estimates marked as nuances of red. The analyses were mutually controlled for each predictive variable, participant age, sex, and muscle.
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Table 3. Muscular workload by lifting start and end position. Estimates are presented as % nEMG (95% CI).
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Lifting Height

	
% nEMG (95% CI)






	

	
Low-Back

	
Neck/Shoulders




	
Start-Low

	
27 (25–29)

	
23 (22–24)




	
Start-Mod

	
25 (23–27)

	
25 (23–26)




	
Start-High

	
24 (22–26)

	
29 (27–30)




	
End-Low

	
25 (24–27)

	
23 (21–24)




	
End-Mod

	
26 (24–28)

	
24 (23–26)




	
End-High

	
25 (23–26)

	
30 (29–31)








Muscular workload estimates color graded from green to red, with lower estimates marked as nuances of green and higher estimates marked as nuances of red. The analyses were mutually controlled for each predictive variable, participant age, sex, and muscle.
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Table 4. Muscular workload of the lower back arranged by load mass and start and end position of the lift. The interaction between start and end position for muscular workload was statistically significant. Estimates are presented as % nEMG (95% CI).






Table 4. Muscular workload of the lower back arranged by load mass and start and end position of the lift. The interaction between start and end position for muscular workload was statistically significant. Estimates are presented as % nEMG (95% CI).





	Start
	End
	0–1 kg
	≥1–5 kg
	≥5–10 kg
	≥10–15 kg
	≥15 kg





	Low
	Low
	20 (19–22)
	20 (18–22)
	30 (26–33)
	34 (28–40)
	33 (30–36)



	Low
	Mod
	23 (21–25)
	24 (22–26)
	33 (29–36)
	34 (27–40)
	41 (38–44)



	Low
	High
	25 (23–27)
	26 (23–28)
	34 (25–44)
	58 (40–76)
	46 (39–52)



	Mod
	Low
	22 (20–23)
	23 (20–25)
	27 (24–30)
	31 (25–37)
	32 (30–35)



	Mod
	Mod
	19 (17–20)
	21 (19–23)
	25 (22–28)
	27 (20–33)
	32 (29–35)



	Mod
	High
	17 (15–19)
	19 (17–21)
	26 (22–31)
	31 (12–50)
	45 (37–52)



	High
	Low
	20 (17–23)
	27 (22–31)
	30 (24–36)
	34 (23–45)
	35 (31–39)



	High
	Mod
	18 (16–21)
	19 (16–22)
	27 (23–31)
	28 (21–35)
	34 (30–39)



	High
	High
	15 (13–18)
	18 (15–21)
	26 (19–32)
	N/A
	N/A







Muscular workload estimates color graded from green to red, with lower estimates marked as nuances of green and higher estimates marked as nuances of red. The analyses were mutually controlled for each predictive variable, participant age, sex, and muscle. N/A = estimate not available due to low number of observations, i.e., low statistical power.













[image: Table] 





Table 5. Muscular workload of the neck/shoulders arranged by load mass and start and end position of the lift. The interaction between start and end position for muscular workload was statistically significant. Estimates are presented as % nEMG (95% CI).






Table 5. Muscular workload of the neck/shoulders arranged by load mass and start and end position of the lift. The interaction between start and end position for muscular workload was statistically significant. Estimates are presented as % nEMG (95% CI).





	Start
	End
	0–1 kg
	≥1–5 kg
	≥5–10 kg
	≥10–15 kg
	≥15 kg





	Low
	Low
	17 (16–18)
	18 (16–20)
	18 (14–22)
	16 (9–22)
	22 (19–25)



	Low
	Mod
	17 (16–18)
	20 (18–23)
	21 (17–26)
	34 (27–41)
	31 (28–34)



	Low
	High
	23 (21–24)
	28 (25–32)
	34 (24–44)
	28 (9–46)
	44 (36–52)



	Mod
	Low
	17 (16–19)
	22 (20–24)
	18 (14–22)
	22 (16–28)
	28 (25–30)



	Mod
	Mod
	18 (16–19)
	22 (20–24)
	24 (20–28)
	24 (18–30)
	33 (30–36)



	Mod
	High
	25 (23–26)
	29 (27–31)
	40 (35–45)
	38 (19–58)
	53 (44–63)



	High
	Low
	23 (20–26)
	30 (25–36)
	30 (23–37)
	38 (27–49)
	42 (38–47)



	High
	Mod
	23 (21–25)
	27 (24–30)
	32 (28–37)
	27 (20–35)
	45 (40–50)



	High
	High
	23 (22–25)
	27 (24–31)
	34 (26–41)
	N/A
	N/A







Muscular workload estimates color graded from green to red, with lower estimates marked as nuances of green and higher estimates marked as nuances of red. The analyses were mutually controlled for each predictive variable, participant age, sex, and muscle. N/A = estimate not available due to low number of observations, i.e., low statistical power.
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