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A Small-scale Survey on Risk Factors of Musculoskeletal Disorders in Workers of Logistics Companies in Cyprus and on the Early Adoption of Industrial Exoskeletons as Mitigation Measure 
[bookmark: _Hlk124172455]Abstract— Background: Musculoskeletal disorders (MSDs) in the workplace is a very common problem in Europe which are caused by multiple risk factors. In the recent years, wearable devices and exoskeletons for the workplace are trying to address the various risk factors that are associated with strenuous tasks in the workplace. The logistics sector is a huge sector that includes warehousing, storage, and transportation. However, the task associated with logistics is not well-studied in terms of MSDs risk. This study was aimed at looking into the MSDs affecting workers of logistics companies. It compares the prevalence of MSDs among workers and evaluates multiple risk factors that contribute to the development of MSDs. Moreover, this study seeks to obtain user feedback on the adoption of exoskeletons in the such a work environment. Materials and Methods: The study was conducted among workers in logistics companies in Nicosia, Cyprus, from July to September 2022. A set of standardized questionnaires was used for collecting different types of data. Results: A high proportion of logistics professionals reported MSDs in one or more other body regions, the lower back being the most commonly affected area. Working in the same position for long periods, working in awkward postures, and handling an excessive load, were found to be the most commonly reported job risk factor that contributed to the development of MSDs, in this study. A significant number of participants consider the back region as the most to be benefited from a wearable exoskeleton device. Half of the participants would like to have at least a 50% reduction in their daily effort. The most important characteristics for the adoption of exoskeleton devices were found to be how comfortable the device is and its weight. Conclusion: Lower back and posture were the highest risk factors among all logistics professionals assessed in this study. A larger scale study using quantitative analytical tools may give a more accurate estimate of MSDs, which would pave the way for making more precise recommendations to eliminate the risk factors and thereby prevent MSDs. A follow-up study using exoskeletons in the workplace should be done to assess whether they assist in MSD prevention.
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INTRODUCTION
D

uring the past decade the world has been making the shift towards Industry 4.0, among the characteristics that describe this progress, is increased automation across all sectors of the industry with the objective to enhance productivity. Technological advances in recent years have allowed for improved and more complex automations, however workplace size and design parameters rarely allow for full automation solutions and situations where the dexterity, agility and decision-making of the human factor are unavoidable. 
Increased research and observations from survey data over the last years highlight the concerns for health and safety in the workplace and the adoption of ergonomically designed workplaces for the avoidance of work-related injuries and the improvement of life quality. Work related musculoskeletal disorders are among the most common reported injuries in physically demanding workplaces and it is observed when the human body exceeds its biomechanical capacities repeatedly [1], [2]. The development of such acute or chronic MSDs lead to an increase in absenteeism and impacts the industry in terms of productivity [1], [3], [4]. In fact, over 25% of Europeans experience back injury due to work, and workplace injuries cost European countries up to 4% of their gross national product [3], [2]. Considering the need for increased productivity while minimizing risk for the employees, wearable devices for the workplace have seen an increase in research and development and exoskeleton solutions try to address the various risk factors that are associated with strenuous tasks in the workplace.

Objectives of survey
The objective of this study is to: 
1) [bookmark: _Hlk128576402]Identify which occupational tasks with the highest injury risks, MSDs and fatigue problems in the logistics industry in Cyprus. These are identified based on frequency, posture and other factors explained below.
2) [bookmark: _Hlk128577638][bookmark: _Hlk128577954]Identify the movements and postures that have high risk of MSD. Also determine which joints/body parts are affected the most by MSDs.
3) [bookmark: _Hlk128577723]Gather a user prospective on the adoption of exoskeletons in such work environment such as: determining how much assistance the workers need and determining which characteristics are important in designing practical augmentative exoskeletons which can help reduce fatigue in an industrial workspace.
Literature Findings
A literature review is conducted as part of this preliminary study. During the study an overview of the existing health issues and their associated factors in the workplace was performed. Also, an overview of the impact of current state of industrial exoskeletons was made with the main aim to determine adoption of an exoskeleton for assistance in the workplace.

Results on Health issues:
The available information from national sources shows that a very large percentage of workers (up to 60%) report being affected by musculoskeletal disorders (MSDs) [3]. Higher levels of discomfort associated with MSDs are reported in some specific sectors, such as construction, agriculture/fisheries, industry, transport, or health care [5]-[8]. Greater age is also associated with a significantly higher probability of reporting MSDs (in the upper limbs, lower limbs and back) [1], [7]. 

Occupational Tasks:
Information from the literature clearly state the relationship with high physically demanding tasks and the increased risks for MSD development. Occupational tasks that involve the lower back in various dynamic movements pose the most risk, these tasks most commonly are associated with manual labor and manual material handling such as Lifting/Lowering,  Push/Pulling, Carrying [9], [8].

Joints that benefit from Assistance:
There is a significant amount of stress on the back muscles for squatting and stooping-related activities on the back muscles [10], [11], [12]. The studies almost unanimously establish that the back muscles (thoracic and the lumbar erector spine) are the most benefitted muscle group for activities related to picking and placing weights - either by squatting, stooping, or freestyle lifting [13]-[24]. 

Evaluation metrics for exoskeletons:
Metrics of the muscular domain were considered when evaluating an exoskeleton. The conclusions of this literature review are as follows:
•	Literature shows benefit for the user in using a lifting assistive device for occupational worker-related tasks like squatting, kneeling, stooping, and freestyle weight lifting, [13], [15], [18].
•	There are considerable benefits of using either an active or a passive hip exoskeleton on the back muscles - particularly: Thoracic and Lumbar erector spine muscles [19].

Passive or Active Support:
The literature survey has examined both passive and active actuation approaches on how they address the occupational risk factors and while both have shown to assist effectively in physical loading tasks, each approach has its strengths and limitations. 
•	Important considerations that set the comparison standards for active and passive exoskeletons is the kinematic compatibility with the user during the tasks and how effectively muscle activities are reduced [17].
•	Passive exoskeletons are less complex, less expensive, and more lightweight than active exoskeletons. Active devices, on the other hand, offer a greater potential for versatility and hence a larger range of applications. Open technological challenges for active exoskeletons include optimization of the control to utilize their versatility to broaden their potential impact [18], [19]. 
•	Soft robotic suits are lighter and less obstructive to movement than rigid exoskeletons, but they reduce biomechanical joint loading to a lesser extent than active ones. In terms of kinematic compatibility, soft back support devices, do not change the body’s kinematics and simply transmit forces in the form of tensions. However, one of their drawbacks is that they are usually limiting the range of motion [20].
•	There are considerable benefits of using either an active or a passive hip exoskeleton on the back muscles - particularly: Thoracic and Lumbar erector spine muscles. A study also showed a considerable reduction in muscle activation of the leg muscles - rectus femoris and the gastrocnemius, upon wearing an active knee exoskeleton with passive support for the hip [21], [13]-[15].
Materials and methods
Questionnaires
The researchers employed questionnaires as the means of data collection from the potential user groups. In the current study, questionnaires were distributed to workers of some logistics companies based in Cyprus. The worker’s daily tasks involve manual labor. We conducted a survey of workers ( from ACS Courier LTD and other companies) to observe their working tasks, the pain they have in their lower back during working hours, and their wishes for an exoskeleton that will assist them during their work. The sampling method was simple random sampling. The objects in this sample are chosen at random, and each member has exactly the same probability of being selected.
Data Management
Data was managed through Google forms and the results were exported in excel sheets.
Study Population description
Even though the study aimed for higher sample size, only 38 participants completed the questionnaires, of which only 4 are women. 17 participants were from ACS Courier LTD, 1 from Panmare and 20 from other companies.
This sample size accounts for a 95% confidence interval with 16% error margin, for a population size over 10000. The estimated labor force in Cyprus in the logistics sector is estimated 80000 [25].  
 The age groups were distributed between 20-59 years old with most being between 20-39. Most responses at 40% were from the age group of 30 – 39 and the least from the age group of 50- 59 at 5%. The daily duties included couriers, warehouse workers and general workers with the most reported duty being courier at 55%. Most questionnaires were obtained from the company ACS Courier LTD. The name of the company that the questionnaires were obtained is optional, thus some participants did not specify.
Tasks and risk factor categorization
The duties were specified in different categories, and most of the workers worked as couriers. The other categories were warehouse, general worker, warehouse and other.
Results
The results from the tests are presented in the figures below. 
Work/Tasks and task frequency
The work hours were mostly over 40 hours per week with 69%. Most workers (55%) stated that they worked more than three years and 24% reported working 1-3 years, while 21% have been at their position for less than a year.
The section of tasks description consisted of 5 questions regarding daily load range, frequency, height, posture and intensity of the tasks. The workers generally work with loads in the light range as 55% reported to work within the range of 1 – 10 Kg followed by 34% within the 10 – 20 Kg range. While only 8% (3) reported to work withing the heavy range of 30 – 40 Kg. 
Participants were asked to define the frequency of lifting, carrying, push or pull, prolonged support and working on uneven floor. Most frequent daily tasks are Lifting, carrying and Push or Pull while carrying is the most frequently reported which is expected as most participants are couriers. Prolong support and handling weight on uneven floor occurs the least in the daily tasks.


Fig. 1 Daily load Weight 


Fig. 2 Task frequency
Examining the height at which the load is handled, the most frequently reported are waist followed by floor while shoulder height and over the shoulder occurs rarely. In terms of posture the participants (31%) reported that awkward or restrictive posture occurs sometimes.  
Intensity of the daily tasks is reported to be in the upper range with only 2 (3%) people reporting little to no intensity at all, the majority of participants reported medium intensity (55%) while 16 (42%) participants reported very much to extreme intensity.

Task height (with respect to user’s body)


Fig. 3 Load landing height
Awkward or restrictive posture


Fig. 4 Posture

Work Intensity


Fig. 5 Work Intensity
MSDs and Health
The participants were also required to answer 5 questions regarding pain or discomfort, affected performance, tiredness, absence due to pain and if there were any cases of MSDs in the last year. The body regions with the less reported pain or discomfort are thighs and glutes with 16 (42%) participants never experiencing pain or discomfort followed by 16 (42%) participants experiencing pain sometimes per month. The back region is reported to be the most affected region with 22 (58%) participants experiencing upper back discomfort sometimes per month and more so, 15 (39%) participants are experiencing lower back pain weekly followed by at least 10 participants experiencing lower back issues almost daily. Shoulders, arms, hands and knees are reported to be in the same range with 39 – 42% experiencing pain or discomfort sometimes per month. Lower back is also the leading issue that somewhat affects performance during work as reported by 13 (34%) participants followed by 6 (16%) affecting them very much to extremely. Almost all participants experience high levels of tiredness after work as only 4 (11%) participants reported to be slightly tired after work.


Fig. 6 Pain or Discomfort
In the case of absenteeism in the last year due to pain or discomfort in any of the body regions the results do not deviate much for any particular region, with all regions being between 8 - 18%, the lower back comes first with 7 (18%) participants being absent from work in the last year. This is reflected in the case of 12 (32%) participants reporting an MSD episode in the last year with 8 cases including the lower back, also from the 12 cases of MSD, 9 had to visit a doctor for their issue.


Fig. 7 MSD Region
Exoskeleton adoption
The participants were also asked to provide their input on exoskeleton assistance devices and their functional characteristics. When asked to indicate importance level on types of assistance among muscle load reduction, fatigue reduction and posture support the answers were mostly in the slightly to somewhat important while only 9-11 (24- 29%) consider each type as very or extremely important. A significant number of participants 29 (76%) consider the back region as the most to be benefited by external assistance followed by the knees and arms at 11% and 8% respectively. Half of the participants would like to have at least 50% reduction in their daily effort while performing tasks followed by 12 (32%) participants with 25% effort reduction.


Fig. 8 Assistance Importance


Fig. 9 Desired Effort reduction


Fig. 10  Desired body part assistance
The participants rated various characteristics of the device in terms of importance, aesthetics and water resistance were rated as low importance with aesthetics being the least important. The most important characteristics for the user are how comfortable the device is with 50% of the participants rating it as extremely important followed by how lightweight it is at 45%, as is expected the weight of the device will play an important role on how comfortable it will be. Easy attachment and detachment along with easy adjustments are rated as 39-42% extremely important.


Fig. 11 Importance of exoskeleton characteristics
[bookmark: _Hlk128574994]Lastly, a large percentage of 69% were considering using a such a wearable device. 18% would not try it at all while 13% would slightly consider it. The largest proportion 37% would somewhat consider wearing it. 32% were very positive to trying the device. 


Fig. 12 Consideration of exoskeleton usage in work environment
Discussion and conclusion
Conclusions
This study is the addressed risk factors regarding MDS, in workers of logistics companies in Cyprus. Moreover, the adoption of exoskeletons was addressed, which is a relatively new way of mitigating risks in the workplace. In summary, the results show that :
Based on the occupational tasks, the following risks are based on specific factors:
•	Almost all workers handle weights from 1-20kg. 
•	Most frequent daily tasks are Lifting, carrying and Push or Pull
•	Most frequently reported task heights are waist and floor heights which im-ply back bending
•	1/3 reported that awkward or restrictive posture occurs sometimes
•	majority of participants reported medium and high intensity of tasks. 
The conclusion we extract are: the occupational tasks with the highest injury risks, MSDs and fatigue problems in the logistics industry are lifting, carrying and push or pull. These are the most frequent tasks, intensive and sometimes awkward posture occurs. The factors that may constitute risks are the frequency, height where the load in handled, posture and task intensity. The daily weight handled between 1-20 kg may be a risk factor as well. 

Movements and joints/body parts that have high risk of MSD are:
•	The back region is reported to be the most affected region with over half of participants experiencing upper back discomfort 4/10 participants are experiencing lower back pain weekly followed by at least 1/3 participants experiencing lower back issues almost daily
•	Almost all participants experience high levels of tiredness
•	About 1/5 participants reported being absent from work in the last year due to Low back pain.
The conclusion is that the back region (upper and lower) has a high risk of MSD, because most participants report discomfort, low back pain and absenteeism. These results agree with most of the literature. 

Regarding adoption of exoskeletons the results show:
•	Most consider load reduction, fatigue reduction and posture support assistance slightly to somewhat important
•	A significant number of participants (76%) consider the back region as the most to be benefited by external assistance
•	Half of the participants would like to have at least 50% reduction in their daily effort while performing tasks
•	The most important characteristics for the user are how comfortable the de-vice is, lightweight, easy attachment and detachment along with easy adjustments
•	7/10 were considering using a such a wearable device in their work. 
Therefore, the conclusion is that external assistance at the back region is considered to bring the most benefit by the participants. Most participants would like to bear half of the load and be assisted to the rest. Lastly, according to the participants the most important characteristics of an industrial exoskeleton are comfort, being lightweight, easy attachment and detachment along with easy adjustments. Therefore these at-tributes shall be taken into consideration when designing such a device. Most participants are willing to test an exoskeleton device, which concludes that there is compliance towards this technology. 
Limitations of the study
This study has its pitfalls. First of all, the sample size was relatively small for any definite conclusion with 38 participants, thus the error margin is high. One pitfall is that the population may be selection-biased towards males, since only 4 women participated. Moreover, most participants were from only one company. As a consequence, some results could be diluted. 
Future work
This study conducted in a much higher scale, could provide useful indications of risk factors and risk assessment by using wearable devices, with smaller error margin. A future step is to test an exoskeleton in an industrial setting and then conduct another study to determine the satisfaction and acceptance level of the workers.
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Never	Floor 	Waist 	Shoulders	Over the shoulders	0	1	6	13	Rarely	Floor 	Waist 	Shoulders	Over the shoulders	3	2	15	15	Sometimes	Floor 	Waist 	Shoulders	Over the shoulders	8	3	5	2	Often	Floor 	Waist 	Shoulders	Over the shoulders	13	20	5	3	Very Often	Floor 	Waist 	Shoulders	Over the shoulders	14	12	7	5	



Never	
Awkward/Restrictive	0.158	Rarely	
Awkward/Restrictive	0.21099999999999999	Sometimes	
Awkward/Restrictive	0.315	Often	
Awkward/Restrictive	0.158	Very Often	
Awkward/Restrictive	0.158	



Not at all	Work Intensity	1	Little	Work Intensity	1	Somewhat	Work Intensity	20	Very	Work Intensity	7	Extremely	Work Intensity	9	



Never	Shoulders	Upper back	Lower back	Arms/Hands	Thighs/Glutes	Knees	12	7	3	6	16	11	Sometimes a month	Shoulders	Upper back	Lower back	Arms/Hands	Thighs/Glutes	Knees	15	22	10	17	16	15	1 – 2 times weekly	Shoulders	Upper back	Lower back	Arms/Hands	Thighs/Glutes	Knees	4	6	15	8	3	10	3 – 4 times weekly	Shoulders	Upper back	Lower back	Arms/Hands	Thighs/Glutes	Knees	5	1	5	4	2	0	Everyday	Shoulders	Upper back	Lower back	Arms/Hands	Thighs/Glutes	Knees	2	2	5	3	1	2	



MSD Region	
Shoulders	Upper back	Lower back	Arms/Hands	Knees	4	3	8	7	4	

Not at all	Muscle load reduction	Fatigue reduction	Posture support	5	5	4	Slightly	Muscle load reduction	Fatigue reduction	Posture support	14	12	12	Somewhat	Muscle load reduction	Fatigue reduction	Posture support	10	11	11	Very	Muscle load reduction	Fatigue reduction	Posture support	4	5	6	Extremely	Muscle load reduction	Fatigue reduction	Posture support	5	5	5	



0%	3	25%	12	50%	19	75%	2	100%	2	



Desired body part assistance	
None	Shoulders, arms, hands	Upper/lower back	Thighs, glutes	Knees	2	3	29	0	4	

Not at all	Easy attach/detach	Easy adjustment	Light weight	Comfortable	Easy storage	Water resistant	Aesthetics	3	3	3	3	6	10	16	Slightly	Easy attach/detach	Easy adjustment	Light weight	Comfortable	Easy storage	Water resistant	Aesthetics	3	3	3	1	8	11	10	Somewhat	Easy attach/detach	Easy adjustment	Light weight	Comfortable	Easy storage	Water resistant	Aesthetics	10	11	8	9	8	6	6	Very much	Easy attach/detach	Easy adjustment	Light weight	Comfortable	Easy storage	Water resistant	Aesthetics	6	6	7	6	5	2	1	Extremely	Easy attach/detach	Easy adjustment	Light weight	Comfortable	Easy storage	Water resistant	Aesthetics	16	15	17	19	11	9	5	



Consideration	
Not at all	Slightly	Somewhat	Very	Extremely	7	5	14	4	8	

1 - 10 Kg	Load weight	21	10 - 20 Kg	Load weight	13	20 - 30 Kg	Load weight	1	30 - 40 Kg	Load weight	3	



Never	Lifting	Carrying	Push/Pull	Prolonged support	Unever floor	4	0	2	5	8	Rarely	Lifting	Carrying	Push/Pull	Prolonged support	Unever floor	2	1	5	12	15	Sometimes	Lifting	Carrying	Push/Pull	Prolonged support	Unever floor	12	11	8	8	3	Often	Lifting	Carrying	Push/Pull	Prolonged support	Unever floor	8	10	9	7	9	Very Often	Lifting	Carrying	Push/Pull	Prolonged support	Unever floor	12	16	14	6	3	






