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Abstract

:

The COVID-19 pandemic provided an opportunity for office workers to experience work from home (WFH). The aims of this study are to investigate the prevalence rate of musculoskeletal discomfort (MSD) and the work conditions of homeworkers during WFH as well as to evaluate the association and predicted risk of ergonomic factors and MSD. A total of 232 homeworkers completed questionnaires. Chi-square test and logistic regression were used to analyze the association and prediction of work arrangements and home workstation setups and musculoskeletal outcomes. The result showed that 61.2% of homeworkers reported MSD while WFH. Because of the small living spaces in Hong Kong, 51% and 24.6% of homeworkers worked in living/dining areas and bedrooms, respectively, potentially affecting their work and personal life. Additionally, homeworkers adopted a flexible work style, but prolonged computer use while WFH. Homeworkers who used a chair without a backrest or a sofa could predict a significantly higher risk of MSD. The use of a laptop monitor posed about a 2 to 3 times higher risk of suffering from neck, upper back, and lower back discomfort than the use of a desktop monitor. These results provide valuable information to help regulators, employers, homeworkers, and designers create better WFH guidelines, work arrangements, and home settings.
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1. Introduction


Remote work is not a new concept that emerged from the pandemic the novel coronavirus disease (COVID-19) caused. Dyer and Shepherd [1] claimed to have had experience running remote companies for 30 years. Nilles [2] coined the word ‘telecommuting’ quite early in 1975. In the literature, telecommuting is also called work-from-home (WFH), telework, remote work, electronic work, and virtual work [3,4]. Part-time homeworkers are those who work some days at home and some days at the office during a normal work week [5]. The initial intentions of telework arrangements before the COVID-19 pandemic were as follows: to help ensure a work-life balance [6,7,8], to reduce real estate costs [7,9], and to reduce air pollution and traffic congestion [7,10].



Traditionally, employees work from an office, which is the main place to perform their work duties. The home, meanwhile, is a place where one carries out personal and family activities. The images of the workplace and the home are those of two separate environments: that of the employers and that of the employees. Suitable furniture and sufficient equipment are necessary to carry out work activities at home. Many employees were not ready for a home office setting prior to the COVID-19 pandemic. Employees found it difficult to separate work activities from home activities and balance their work, and family lives during the forced WFH arrangements the pandemic necessitated [11,12,13]. Employees were also uncertain about future work arrangements after new work practices were implemented. Employees and companies agreed that the former was more productive during WFH, but many employees still preferred to go to the office than do remote work [1].



Some discussions have been held on the implementation of telework in the countries of the European Union. Some of these countries have developed hard laws and collective agreements, such as Poland, Germany, and Belgium. Hard laws refer to regulations, directives, and decisions that regulate employees’ right to remuneration and fair working conditions, as well as employers’ obligations to teleworkers, whereas soft laws refer to guidelines and opinions on telework arrangements. Collective bargaining between trade unions and employer organizations on telework has been implemented at the national, cross-industry, or company level [10,14].



Recent studies reported positive and negative outcomes of WFH in different home working arrangements and home conditions [15,16,17,18]. On the positive side, at the personal level, studies reported lower time pressure [19], better control of work schedules [17], higher work motivation [20], higher life satisfaction [21], and less work-family conflict [19]. At the company level, teleworkers achieved higher work engagement [22] and higher organizational performance [20]. On the negative side, teleworkers perceived lower subjective well-being [18,23], lower psychological well-being [24], negative relationships with co-workers [17], and conflict within the organization [25]. Teleworker stress level results have been controversial because some teleworkers reported higher stress levels [16,18,23,24,25], whereas others reported lower stress levels [22,26].



1.1. COVID and WFH in Hong Kong


The current study was conducted in Hong Kong during the fifth wave of the COVID-19 pandemic in 2022. Hong Kong has more than seven million people and is densely populated. After the rollback of social contact measures, the Hong Kong government published WFH guidelines for government employees and sent advisory notices to encourage private employers to follow WFH arrangements [13,27]. There has been little discussion in the literature on the implementation of WFH arrangements in Hong Kong, except for Leung [28] in 2004 and Vyas and Butakhieo [13] in 2021.



The WFH environment in Hong Kong was generally found to be inadequate during the COVID-19 pandemic. The shortage of housing in Hong Kong has forced most families to live in tiny flats or rooms [29]. These inadequate living spaces present a real challenge for WFH. Workspaces are insufficient to accommodate all family members. A study discussing the average living space per person in Hong Kong, Tokyo, Japan, and Singapore in 2018 found that Hong Kong had the smallest living space per person, only 161 square feet. This was approximately 25% lower than Tokyo and 60% lower than Singapore [13,30].



A study concluded that, currently, WFH is not one of the preferred solutions for most Hong Kong employees. The study highlighted the issues with WFH in Hong Kong, such as the lack of adequate workspaces, information, and communication technology resources, and access to business documents during remote work [13]. Studies of work arrangements and home workstation setups conditions, as well as the prevalence rate of work-related musculoskeletal symptoms during WFH in Hong Kong, are lacking.



The Occupational Safety and Health (Display Screen Equipment) (DSE) Regulation (Cap. 509B) was enacted in 2003 in Hong Kong. The regulation has six provisions: (1) workstation risk assessment, (2) risk assessment record, (3) reduction in risks, (4) workstation requirements, (5) health and safety training, and (6) users’ compliance with a safe system of work. It aims to protect the health and safety of employees who use DSE at work for a prolonged period [31]. In principle, the same regulation applies to homeworkers if their employers require them to work with a computer at home.




1.2. Musculoskeletal Health of Prolonged Computer Users


The neck, lower back, and shoulders are the three most commonly reported body regions that suffer from musculoskeletal symptoms among computer users [32,33,34,35]. For example, in a Hong Kong study, 61.9% (N = 1085) of office workers reported two or more instances of physical discomfort related to computer work. Further, they reported the shoulder (71%), neck (49.5%), and lower back (39.4%) as the three main regions of discomfort. The prevalence rate of musculoskeletal discomfort (MSD) among office workers in Hong Kong is alarming [36].



Other studies also highlighted the relationship between computer use and musculoskeletal disorders. Many studies reported high prevalence rates of MSD among office workers. Risk factors for musculoskeletal disorders were identified, including psychosocial, organizational, and physical elements in the workplace setting, such as computer usage time, working posture and movement, workplace conditions, repetitiveness, rest breaks, demographic characteristics, and computer user characteristics [32,34,37,38].




1.3. Work Arrangements and MSD


Ardahan and Simsek [39] confirmed that office workers who use computers for more than seven hours a day report a higher rate of musculoskeletal symptoms in all regions of the body. Similarly, the severity of musculoskeletal pain in many body regions is positively correlated with prolonged daily use of computers. Office employees are exposed to greater musculoskeletal risks with more static postures and increasing computer use times [34].



A study covering the 2015 to 2019 period concluded that more than 96% of 1701 office employees in Hong Kong spent at least six hours a day on computing operations. Meanwhile, a 2002 study found that 48% of 368 office employees spent at least four hours a day on a computer [35,40]. These results indicate that office workers in Hong Kong are spending longer hours on computers, with the duration of prolonged computer usage doubling over the last two decades.




1.4. Home Workstation and MSD


Suitable furniture is essential to create a conducive work environment. Additionally, working postures should be adapted according to the design and condition of the workstation. These factors area ultimately associated with the physical well-being and musculoskeletal health of the employee [41,42]. Ergonomic furniture can reduce MSD or visual discomfort when sitting and working at a workstation. Furniture selection becomes fundamental for workstation setup and the adoption of healthy postures [42,43,44,45,46].



A workstation should be ergonomically designed to allow users to adopt a safe and healthy working posture. In a workstation setup, the following are important: screen quality and position, keyboard and mouse design, support for forearms, work surface size, desk height, and foot support, chair back support and adjustability, body size of the user, illumination, noise management, ventilation, and air quality [31,47,48].



Home office ergonomics should be promoted so that homeworkers know how to set up workstations. Government bodies have published guidelines and reference information on WFH setups for creating a healthy home office environment [49] and have promoted ergonomic principles for office furniture and workstations in office settings [31,47,48,50].




1.5. Purpose of the Study


The purposes of the study were (1) to investigate the prevalence rate of musculoskeletal problems in computer-based homeworkers during WFH in Hong Kong, (2) to identify work arrangements and conditions of computer-based homeworkers during WFH, and (3) to evaluate the association between work arrangements and home workstation setups and the predicted risk of MSD of computer-based homeworkers during WFH.





2. Materials and Methods


2.1. Research Design and Data Collection


A cross-sectional study was conducted measuring the outcomes and exposures of study participants at one point in time. The target population was office workers who were required to use computers for work almost every day and who were required to WFH during the COVID-19 outbreak in Hong Kong. The study was conducted using a structured online questionnaire on an online survey platform. Data were collected using the random sampling method. The first page of the questionnaire highlighted the confidentiality statement, which aimed to protect the privacy of all participants. The collected data were anonymized. Participants were presumed to have completed the questionnaire voluntarily and to have given informed consent.



The bilingual (English and Chinese) questionnaire was divided into four parts with questions on the type of home workstation, musculoskeletal health, work arrangements during WFH, and demographic information. Convenience sampling was used to access members of the population at a low cost during the COVID-19 pandemic. Emails, messages, and posts were sent to 10 Hong Kong companies and five academic societies inviting participants. Three corporations and three academic societies agreed to distribute the invitations to their members. Additionally, invitation messages and posts with links to the questionnaire were released on social networks. Participants completed the online questionnaire voluntarily. The completed questionnaires were collected between 16 May 2022 and 15 June 2022 during the fifth wave of the COVID-19 pandemic in Hong Kong. Respondents were offered the opportunity to receive supermarket vouchers in a draw if they completed the questionnaires and provided their contact details.




2.2. Measurement


In this study, (a) demographic characteristics, (b) work arrangements, (c) home workstation setups, and (d) MSD during WFH data were collected.



	(a)

	
Demographic Characteristics







Demographic data included gender, age, employment status, and employment position in the company.



	(b)

	
Work Arrangements







Work arrangements data included the average number of days of WFH in a week, work hour changes, total hours of work on a computer on a workday, regular meal breaks, and rest break arrangements.



	(c)

	
Home Workstation Setups







Survey participants selected the workspace, furniture, and equipment type that was most representative of their WFH period during the fifth wave of the COVID-19 pandemic. Measures of home workstation setups covered five areas: workspace, desk, chair, display screen, and input devices. Based on the guidelines and the literature on the most ergonomic to the least ergonomic designs and arrangements, during the data analysis, each area was classified into two to three groups [31,47,48,51]. The sample question on the workspace arrangement was ‘Workspace is mostly arranged at …’ The options were ‘living area,’ ‘dining area,’ ‘spare room/study room or reading area,’ ‘bedroom,’ ‘kitchen and other.’



	(d)

	
MSD







MSD was assessed by adopting the improved version of the MSD assessment tool, which Marley and Kumar [52] developed and validated. The self-report assessment tool consisted of ratings on the frequency of discomfort ranging from 1 to 3 (0 = never, 1 = rarely [few times/month], 2 = frequently [few times/week], 3 = constantly [nearly every day]) and ratings on discomfort ranging from 0 to 10 (0 = no discomfort, 2 = fairly uncomfortable, 5 = moderate discomfort, 8 = very uncomfortable and 10 = extreme discomfort) for 14 body parts including the eyes. The MSD assessment tool is a reliable tool to indicate the risk of musculoskeletal injury [52,53]. The likelihood of an employee seeking medical treatment for MSD from the assessment tool results was not included in the study objective.




2.3. Statistical Analysis


Statistical analysis includes descriptive statistics and inferential statistics. Demographic characteristics were used to understand the individual profiles of the surveyed homeworkers. Homeworkers’ work arrangements, including the number of WFH months, the number of WFH days per week, working hours during WFH, hours of computing work, and meal and rest break patterns, were presented as descriptive statistics.



The home workstation setups in five areas, workspace, work desk, chair, display screen, and input devices, were summarized. Further, the prevalence of work-related MSD with discomfort level details in 14 body regions per homeworker was reported in the descriptive statistics sections.



In order to evaluate the association between work arrangements, home workstations, and MSD of computer-based homeworkers during WFH, inferential statistical analysis was conducted.



First, univariate analysis was conducted using the chi-square test for each independent variable in demographic characteristics, work arrangements, and home workstation setup factors. The aim was to compare the differences between no discomfort and discomfort in any body region, neck/lower back/right shoulder region, and individual body regions (e.g., neck, lower back, upper back, and right shoulder). Second, to reduce the number of variables in the logistic regression analysis, variables that reached the significance level of p < 0.05 in the chi-square test were retained for the multivariate regression model. In the logistic regression analysis, the reference group was carefully selected after considering the past literature. The first group was the reference category in the analysis [54]. Finally, a p-value < 0.05 was considered statistically significant for the prediction of MSD. All data were analyzed using IBM SPSS Statistics (version 29).





3. Results


Data were collected from 16 May 2022 to 15 June 2022. A total of 237 surveys were submitted online. Out of them, 232 surveys were considered valid. The criteria for validity were that the respondents were office workers, had experience with WFH during COVID-19, and had completed the entire questionnaire. Respondents who reported using a mobile phone for working at home and who were not required to work with a computer almost every day were excluded.



Because of the significant decrease in COVID-19 reported cases in the fifth wave since early May 2022, the WFH arrangement also gradually changes. Thus, the research team decided to complete the data collection in a month after considering the acceptable response rate.



3.1. Demographic Characteristics of Homeworkers


Table A1 provides the demographic characteristics of homeworkers. Among the 232 valid responses, the majority were women (69%) in the age group of 45 to 54 (39.2%) and 35 to 44 (33.2%) years. These were the two main age groups in the study. The body height of the homeworkers was determined through the questionnaire. The highest percentage of homeworkers (25%) was 156 to 160 cm tall. Regarding their employment status, 94% of them worked full-time, and 32.3% and 30.2% of them were general staff and middle management workers, respectively.




3.2. Prevalence Rate of Work-Related MSD


MSD Level


A total of 61.2% of homeworkers self-reported discomfort for at least one body region, and 38.8% reported no discomfort. The results of the level of self-reported discomfort for 14 body regions showed that, except for the neck, the percentage of respondents with no discomfort was higher than that with discomfort (Table 1). For the neck, 50.4% of participants reported discomfort. For the neck (50.4%), the upper back (45.7%), the lower back (44%), and the right shoulder (41.4%), more than 40% of participants reported discomfort. The top three mean discomfort scores out of 10 were for the neck (2.31), lower back (1.97), and right shoulder (1.87); the score range was about 2, which was fairly uncomfortable. Left lower leg (0.60) was reported to have the lowest mean level of discomfort. A high percentage of homeworkers (42.7%) reported eye discomfort while working from home.



Table 2 shows the frequency of discomfort for three regions of the body: neck, lower back, and right shoulder. These three had the highest mean scores for the level of discomfort. Never any discomfort and rarely any discomfort (i.e., a few times/month) were the most reported discomfort frequencies for the neck, lower back, and right shoulder. A total of 11 to 12% of homeworkers reported suffering from the neck (11.6%), lower back (12.1%), or right shoulder (11.2%) discomfort nearly every day.



Body regions with MSD on the right side were reported more frequently than those on the left side. For example, participants reported 9% higher MSD for the wrist and 4.8% higher MSD for the shoulder on the right side. The right shoulder was also the third-highest reported body region for MSD. These results showed the dominant musculoskeletal issue on the right side of the body.





3.3. Work Arrangements of Homeworkers


At the time of the study, during the fifth COVID-19 wave in Hong Kong, more than 30% of the surveyed homeworkers had already worked from home for two to three months since 1 January 2022. About 40% of them were asked to work from home five days or more per week. Regarding working hours at home, 41.4% of homeworkers reported that working hours in the office and at home were almost the same, whereas 17.2% reported increased working hours at home. Most of the respondents (44.8%) reported working eight hours or more on their computers at home. The second highest group (34.5%) reported working six to eight hours. Regarding rest break arrangements, more than 50% of respondents ‘often’ or ‘always’ scheduled regular meal breaks during WFH, whereas most respondents (38.4%) did not schedule rest breaks (Table 3).




3.4. Home Workstation Setups for Homeworkers


Regarding the setup of the workstation, most homeworkers worked in the living area (32.8%) and at the dining table (40.9%) and used the dining chair (34.1%) during WFH. The bedroom (24.6%) and the dining area (22.4%) were the second and third-highest reported workspaces. About 20% of homeworkers did not use a proper chair for WFH. They used a bench without back support, a folding chair without back support, a sofa/armchair, or a lower chair/kid-sized chair/bar tool. A total of 4.3% of participants worked on the floor/on the bed.



More than 60% of homeworkers only used a laptop screen as a display screen. Comparatively, only 12.9% (9.9% and 3.0%) of homeworkers used desktop monitors as display screens. A total of 50% used laptop keyboards and an external mouse as input devices. The second highest number of participants used an external keyboard and mouse (28%) during WFH (Table 4).




3.5. Factors Associated with MSD


3.5.1. Demographic Characteristics


The chi-square test was used to find significant differences in self-reported MSD between groups in the bivariate analysis. A p-value of 0.05 was used for statistical comparisons. Gender was significantly associated with MSD. Gender and body height were significantly associated with discomfort reported at the neck/lower back/right shoulder region(s). Table A2 and Table A3 present the results of the chi-square test.




3.5.2. Work Arrangements


For work arrangements with six factors, including the number of WFH months, the number of WFH days per week, working hours during WFH, hours with computing work, regular meal breaks, and rest break patterns, only the arrangement of regular meal breaks was associated with MSD and neck/lower back/right shoulder discomfort (Table A4 and Table A5).




3.5.3. Home Workstation Setups


For home workstation setups with five ergonomic factors, the type of work desk, chair, and display screen used was associated with MSD (Table A6). In the analysis of individual body regions, including the neck, lower back, and right shoulder, the type of chair used was associated with neck, lower back, and right shoulder discomfort, and the type of display screen used was associated with neck discomfort and upper back (Table A7).




3.5.4. Summary of Factors Associated with MSD


Table 5 and Table 6 present the summarised results of a bivariate analysis of the factors associated with MSD. There were three, six, and five independent factors of demographic characteristics, work arrangements, and home workstation setups, respectively.





3.6. Predictors of MSD by Multivariate Logistic Regression Analysis


Table 7, Table 8 and Table 9 present the findings of logistic regression models for predictors among anybody region, neck/lower back/right shoulder, and individual body region in demographic characteristics, work arrangements, and home workstation setups.



The p-value < 0.05 was set to determine the statistical significance of the variable in the logistic regression model. The odds ratio (OR) shows the strength of the association between two variables. An OR greater than one represents the risk of exposure to MSD associated with an increased likelihood of MSD occurring [54].



3.6.1. Demographic Characteristics


Logistic regression was performed to determine the effects of gender and body height on the probability that participants had MSD and neck/lower back/right shoulder discomfort. Table 7 shows the p-value, OR, and 95% confidence interval (CI) (lower to upper bounds).



Gender was a statistically significant predictor of MSD (p = 0.015, OR = 2.330, 95% CI = 1.181–4.597) and neck/lower back/right shoulder discomfort (p = 0.016, OR = 2.280, 95% CI = 1.164–4.467). Female homeworkers showed a higher risk of developing MSD and neck/lower back/shoulder MSD than male homeworkers. The OR for gender was greater than one, which means that the risk of females suffering from MSD and neck/lower back/right shoulder discomfort was 2.330 times and 2.280 times higher than for males, respectively. Body height was a statistically insignificant predictor of MSD and neck/lower back/right shoulder discomfort. Logistic regression models were statistically significant for MSD (χ2(2) = 9.679, p < 0.05) and neck/lower back/right shoulder (χ2(2) = 10.73, p < 0.05) models.




3.6.2. Work Arrangements


Logistic regression was performed to determine the effects of work arrangements on taking breaks and on the probability that participants had MSD and neck/lower back/right shoulder discomfort. Table 7 shows the p-value, OR, and 95% CI (lower to upper bounds).



Regular meal breaks were a statistically significant predictor of MSD (p = 0.024, OR = 2.165, 95% CI = 1.109–4.223) but not of neck/lower back/right shoulder discomfort (p = 0.054), whereas rest breaks were a statistically insignificant predictor of both models. The arrangement of ‘sometimes/often’ with regular meal breaks compared to that of ‘never/rarely’ with regular meal breaks was significantly associated with a high risk of MSD and an OR greater than one. Homeworkers who ‘always’ arranged regular meal breaks showed an insignificant association with reduced MSD or neck/lower back/right shoulder discomfort. The arrangement of regular rest breaks was statistically insignificant to the risk of developing MSD (p = 0.157) and neck/lower/right shoulder (p = 0.172) discomfort.




3.6.3. Home Workstation Setups


MSD


Logistic regression was performed to determine the effects of the chair and display screen on the probability that participants would have MSD (Table 8).



The type of chair homeworkers used—that is, chair with a backrest and chair without a backrest or sofa, lower chair, and bar stool—was a statistically significant predictor of MSD (p = 0.013, OR = 2.635, 95% CI = 1.228–5.655). Furthermore, the type of display screen—that is, desktop monitor(s) and laptop monitor only or desktop monitor only, was a statistically significant predictor of MSD (p = 0.012, OR = 2.818, 95% CI = 1.258–6.314). Logistic regression models were statistically significant for MSD (χ2(3) = 15.394, p < 0.001). The OR for both chair and display screen factors was greater than one, so homeworkers who used a laptop monitor as a display screen and a chair without a backrest/the sofa or a high/low chair were 2.635 and 2.828 times more likely to suffer from MSD, respectively.




Neck/Lower Back/Upper Back/Right Shoulder


Logistic regression was performed to determine the effects of the chair and display screen on the probability that participants would develop neck, lower back, upper back, and right shoulder discomfort (Table 9). The type of chair was a statistically insignificant predictor of the neck, lower back, upper back, and right shoulder discomfort. However, the type of display screen use—that is, laptop monitor or desktop monitor—was a statistically significant predictor of suffering from the neck (p = 0.012), lower back (p = 0.031), and upper back (p = 0.013) discomfort, but not of right shoulder (p = 0.124) discomfort. Homeworkers using a laptop monitor as a display screen were associated with an increased likelihood of suffering from the neck (OR = 3.033), lower back (OR = 2.689), and upper back (OR = 3.105) discomfort.





3.6.4. Summary of Predictors of MSD


Demographic Characteristics and Work Arrangements


Gender in demographic characteristics and regular meal breaks in work arrangements were two predictors of MSD and neck/lower back/shoulder discomfort. However, the body height of homeworkers was not able to predict the risk of MSD. Females anticipated a higher risk of MSD than males. Furthermore, rest break arrangements were not able to predict the risk of MSD. The arrangement of ‘sometimes/often’ regular meal breaks could increase the risk of MSD (Table 10).




Home Workstation Setups


For home workstation setups, the display screen was a significant predictor of the risk of MSD and neck, lower back, and upper back discomfort; however, it was an insignificant predictor of right shoulder discomfort. For chair type in the home workstation setups, the only significant result was found for MSD prediction. A suitable display screen (e.g., a desktop screen instead of a laptop screen) and chair design (e.g., a chair with a backrest instead of a chair without a backrest and a high/low chair height) significantly predicted the risk of MSD (Table 11).







4. Discussion


4.1. Demographic Characteristics of Homeworkers and MSD


The findings indicated that there are gender differences in the risk of suffering from MSD. Female homeworkers reported a higher risk of MSD and neck/lower back/right shoulder discomfort than male homeworkers. Published scientific studies have found that women have a higher risk of musculoskeletal symptoms than men. The same results were obtained for office employees with prolonged computer use [55,56,57]. Shariat, Cardoso [58] reported a significant association between pain and gender, particularly on the left and right sides of one’s shoulders. The current study provided the same results for computer-based homeworkers.



Age was not a predictor of MSD in this study. A previous study found that the age of office workers was significantly associated with the intensity of shoulder pain [58]. Another study found that shoulder pain increased after age 50 for physically demanding jobs compared to sedentary ones [59].



The current study found an association between body height and neck/lower back/right shoulder in the chi-square test. Body height and musculoskeletal condition may have an association with the use of a fixed-height desk [60] or a low table, with a fixed-height dining chair, or with the low position of the display screen [61].




4.2. Work Arrangements of Homeworkers and MSD


The number of months of experience with WFH and the number of days of WFH per week had no significant association with self-reported MSD. Changes in total working hours during WFH and daily hours of computing work were also insignificant in this regard. These findings contradict those of previous studies on office work, and WFH homeworkers reported a higher risk of musculoskeletal risk for prolonged computer users [62,63,64,65,66].



Previous studies have shown that homeworkers have greater control over their work tasks, work schedules, office hours, and work-life balance because of the autonomous nature of working from home [17,67,68,69]. Homeworkers may perceive that they have higher control over their work schedules and may use their commute time for work. This could be the reason that homeworkers reported longer work hours while working at home and that a high percentage of homeworkers could perform prolonged computing work using a flexible work style without reporting MSD. These results did not show a correlation between computing work hours and musculoskeletal health.



This study also showed that regular meal breaks are a predictor of MSD. However, there was no prediction effect of rest breaks on MSD for homeworkers. Surprisingly, ‘sometimes/often’ regular meal breaks compared to ‘never/rare’ regular meal breaks predicted a higher risk of MSD.



When working in the office, a fixed lunch hour is usually provided, and office workers are expected to take advantage of it. In this study, 22.9% of homeworkers never or rarely arranged a ‘regular’ meal break, indicating that when workers work from home, they adopt a flexible work style. The study results revealed that homeworkers have the benefit of scheduling meal breaks on their own instead of having a fixed meal schedule or a fixed meal time. Thus, companies should consider allowing homeworkers to set their own times for meal breaks.



Approximately 40% of homeworkers did not schedule a rest break at all. Because of the nature of flexible work arrangements and of autonomy in work control for homeworkers, mini breaks can be arranged according to their wishes rather than scheduled intentionally. Furthermore, a comparison of the arrangement of rest breaks between office employees and homeworkers showed that, unlike office employees, homeworkers did not take regular rest breaks. However, the WFH study showed that increased risk of physical and psychological fatigue for those who failed to take rest breaks. Homeworkers who put in prolonged hours without taking breaks often disregarded the need for their internal recovery [70].



Although total work hours during WFH and prolonged hours with computers did not show an association with MSD, frequent breaks are still needed to prevent physical fatigue. These findings will be helpful to human resources managers and management when considering WFH arrangements. Health education of homeworkers on taking regular breaks and on techniques to maintain a good work-life balance are of significant value in regularising WFH employees’ behaviors. Adopting a flexible work style and allowing more control are the most suitable methods to achieve this for homeworkers [17].




4.3. Home Workstation Setups of Homeworkers and MSD


Many factors have been linked to ergonomic practices and the effects of telework arrangements [71]. Optimal home office settings are still under-addressed in previous research studies [72,73]. However, significant ergonomic problems have been discussed in regard to WFH [73,74].



4.3.1. Home Workstation Setups for Homeworkers in Hong Kong


Workspace: Only 19% of homeworkers had a study room/reading room for WFH. About 25% of homeworkers worked in the bedroom. People in Hong Kong live in tiny spaces. The space per person is approximately 25% smaller than in Tokyo [13,30], and the living and dining areas are usually combined. It would be a challenge to mix work, meals, and sleep in the same space. When the dining table or bedroom is occupied for work, does this affect family life and sleep quality? Further investigation of homeworkers’ physical well-being and sleep quality may be needed.



Desk and chair: Among the survey participants, most conducted their work on a dining table (40.9%) and a dining chair (34.1%). In a study carried out in Japan (N = 4112), the dining table (18.6%) and dining chair (21.1%) were the second most used types of furniture for WFH. A work desk/PC desk (63.2%) and a backrest work chair (55.7%) were the most used. Homeworkers in Japan seem to have better workspaces and furniture arrangements than in Hong Kong. When comparing the prevalence rate of MSD, our study found that 50.4% of participants reported neck symptoms and 44% of lower back symptoms during WFH. Meanwhile, in a study in Japan, 72% of participants reported neck/shoulder pain, and 52% of the participants reported back pain. Both studies revealed the high rate of musculoskeletal problems among homeworkers using home furniture for work.



The type of chair used was a predictor of MSD. Homeworkers who used a chair with a backrest compared to homeworkers who used a chair without a backrest, a sofa, a lower chair, or a bar stool faced a significantly lower risk of MSD.



In the Code of Practice for Working with Display Screen Equipment published by the Hong Kong Labour Department [31], the checklist includes adjustment of seat height to suit the body size of the computer user and adjustment of backrest and tilt to provide adequate lumbar support. If homeworkers do not have better seating options, an inappropriate seating height will pose MSD risks. The employer has a legal responsibility to take the necessary follow-up actions to protect the occupational health of homeworkers [31,75].



Risk assessment is the first step to identifying and assessing risks to the occupational safety and health of homeworkers according to the workstation condition. The employer shall, so far as is reasonably practicable, ensure that home furniture and equipment are suitable for homeworkers. Employers are advised to develop internal reimbursement policies on home working setups and related expenses [76]. When considering the small home spaces in Hong Kong, a folding table and folding chair in appropriate heights with a soft cushion seat and back support are affordable options in a limited home space environment.



Display screen and use of laptop computer: The findings provided useful information to compare desktop and laptop screen use. The position of the laptop and poor working posture, such as slouching and looking downwards, are correlated with reported musculoskeletal disorders [77]. Gerding, Syck [78] reported that because the laptop is used most of the time in the office and always in the home office, a built-in laptop screen is also ‘always’ used (55.1%). Because of the design of the laptop and its lower screen position, it leads to awkward postures of the neck and back, contributing to a high chance of developing MSD in the upper body. This matches the results of the current study. The use of laptop monitors poses an approximately three times higher risk of suffering from neck and upper back discomfort and a 2.7 times higher risk of suffering from lower back discomfort. The discomfort of the neck, upper back, and lower back are intercorrelated with spinal and musculoskeletal problems.



Input devices: Half of the survey participants used a laptop keyboard and external mouse (50%) as input devices, and less than 30% of workers used an external keyboard and mouse during WFH. The laptop is convenient to use in a mobile environment because it comes with a keyboard and mouse, and about 20% of homeworkers did not use an external keyboard and mouse. A study on home office equipment reported that the laptop keyboard and external mouse are ‘always’ equipped. Although an external keyboard and mouse would be the most ergonomically preferred settings, respondents ‘never’ used them at home during COVID-19 [78]. The current study highlighted higher reported musculoskeletal problems in the right wrist and right shoulder than on the left side. This may be because the right hand is the dominant hand for mouse work. The use of the mouse posed a musculoskeletal risk to the neck and shoulder due to arm abduction [79]. Employers should reimburse employees for the purchase of an external keyboard and mouse to lower MSD risk. The use of a laptop riser or simply a box to position the laptop screen at an appropriate distance and height can also improve the overall workstation setup.




4.3.2. Workstation Ergonomics


In summary, the use of different types of furniture, display screens, and input devices is relevant for computer users to adopt different working postures. A workstation is an assembly comprising the computer screen, chair, desk, printer, accessories, or other peripheral items [47]. Office ergonomics refers to the application of ergonomic principles in an office setting to promote the health and safety of computer users. It includes a focus on the selection and use of office furniture, the setup and evaluation of computer workstations, the prevention of musculoskeletal injuries due to prolonged computer use, training and education on healthy computer use, and occupational health management in the use of computers in the workplace [36,46]. Office ergonomics can be widely applied in the WFH setting for prolonged computer use.





4.4. Implications


This study provides scientific evidence for reviewing occupational health regulations in Hong Kong for protecting computer users during WFH. This review will protect office workers as WFH becomes a new norm. The government can refer to the laws and collective agreements of some countries in the European Union as a reference [10,14]. When developing company internal guidelines or policies, employers should consider the business operations, the local culture, and the local home environment and involve the stakeholders in discussions.



A less-than-ideal environment was found for most homeworkers in this study. Management should now understand the unfavorable conditions under which homeworkers work. The study sends a clear message to employers about providing the necessary support, such as providing suitable furniture, assessing the home workstation setups, and offering ergonomic training to workers. Regular communication between homeworkers and businesses on the WFH topic and staff surveys should be encouraged. Homeworkers working in a noisy home or homeworkers living with dependent family members require mutual understanding and schedule modification by the human resources manager [66,76].



Although the ergonomics program at the workstation was not evaluated to assess its usefulness for reducing the risk of MSD in homeworkers, the program is widely promoted for protecting employee health and well-being [36]. Companies are encouraged to consider a holistic approach to looking after their homeworkers so as to create a healthy workplace.



The study also gave clear results that inappropriate furniture and workstations pose the risk of developing musculoskeletal disorders. If their home condition is not suitable for WFH, employees should raise their concerns with their employers.



Finally, interior designers and product designers can play an important role in creating a suitable home environment, suitable furniture, and suitable computing equipment. A user-oriented design of furniture and equipment that considers living and working purposes would be of great help for homeworkers.




4.5. Future Study Directions


The current study focuses on the work arrangements and factors of home workstations associated with MSD. Further investigation of the practicality and cost-effectiveness of implementing the WFH ergonomics program will generate valuable findings for companies and homeworkers. For example, a cost-benefit study can be conducted on the correlation between the availability of suitable furniture and equipment, training and education of homeworkers and advice on work arrangements and breaks, and outcomes for homeworkers’ musculoskeletal health and their physical well-being. When a future study is conducted in more in-depth human research, the inclusion of an ethics committee will be considered.





5. Conclusions


The study offered useful information on home workstation setups, work arrangements, and musculoskeletal conditions of homeworkers during WFH in Hong Kong. Employers are suggested to arrange flexible work styles with suitable workspaces and breaks for homeworkers and to provide health education on WFH arrangements. Most homeworkers do not have a suitable workspace or furniture according to the assessment checklist in the code of practice. This study found significant factors for predicting higher risks of MSD when using unsuitable chairs and laptop screens. It also painted a clear picture of the deficiency of workspaces and the unergonomic setup of workstations. Employers should arrange home workstation risk assessments and provide the right furniture and equipment where applicable.



The limitations of the present study were identified. First, the self-reported MSD levels may not reflect pre-existing MSD conditions. Second, the possibility of aggravation of discomfort due to inappropriate workstation setups or equipment is unknown and difficult to measure objectively.
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Table A1. Demographic characteristics of homeworkers.






Table A1. Demographic characteristics of homeworkers.





	
Demographic Characteristics (N = 232)

	
N

	
Percentage (%)






	
Gender

	
Male

	
72

	
31.0




	
Female

	
160

	
69.0




	
Age

	
18 to 24

	
2

	
0.9




	
25 to 34

	
38

	
16.4




	
35 to 44

	
77

	
33.2




	
45 to 54

	
91

	
39.2




	
55 to 64

	
24

	
10.3




	
Body height

	
Below 155 cm

	
36

	
15.5




	
156 to 160 cm

	
58

	
25.0




	
161 to 165 cm

	
50

	
21.6




	
166 to 170 cm

	
37

	
15.9




	
171 cm or above

	
51

	
22.0




	
Employment status

	
Full-time

	
218

	
94.0




	
Part-time

	
10

	
4.3




	
Self-employed

	
3

	
1.3




	
Other

	
1

	
0.4




	
Employment position

	
Top management

	
27

	
11.6




	
Middle management

	
70

	
30.2




	
Supervisor

	
36

	
15.5




	
General staff

	
75

	
32.3




	
Professional

	
22

	
9.5




	
Other

	
2

	
0.9
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Table A2. The association between demographic characteristics and with/without musculoskeletal discomfort of any of all body regions.






Table A2. The association between demographic characteristics and with/without musculoskeletal discomfort of any of all body regions.





	
Any of All Body Regions




	
Demographic Characteristics

(N = 232)

	
Without Discomfort

	
With Discomfort

	

	

	

	




	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi






	
Gender

	

	

	

	

	

	




	
Male

	
39 (43.3%)

	
33 (23.2%)

	
0.001 ***

	
10.39

	
1

	
0.212




	
Female

	
51 (56.7%)

	
109 (76.8%)

	

	

	

	




	
Age

	

	

	

	

	

	




	
34 or below

	
17 (18.9%)

	
23 (16.2%)

	

	

	

	




	
35 to 44

	
31 (34.4%)

	
46 (32.4%)

	
0.759

	
0.55

	
2

	
0.049




	
45 or above

	
42 (46.7%)

	
73 (51.4%)

	

	

	

	




	
Body height

	

	

	

	

	

	




	
160 cm or below

	
29 (32.6%)

	
64 (45.1%)

	
0.600

	
3.55

	
1

	
−0.124




	
161 cm or above

	
60 (67.4%)

	
78 (54.9%)

	

	

	

	








Remarks: The percentages may not add up to 100% due to rounding; *** p < 0.001.
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Table A3. The association between demographic characteristics and with/without neck or lower back or right shoulder discomfort.






Table A3. The association between demographic characteristics and with/without neck or lower back or right shoulder discomfort.





	
Neck/Lower Back/Right Shoulder




	
Demographic Characteristics

(N = 232)

	
Without Discomfort

	
With Discomfort

	

	

	

	




	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi






	
Gender

	

	

	

	

	

	




	
Male

	
42 (42.9%)

	
30 (22.4%)

	
<0.001 ***

	
11.081

	
1

	
0.219




	
Female

	
56 (57.1%)

	
104 (77.6%)

	

	

	

	




	
Age

	

	

	

	

	

	




	
34 or below

	
18 (18.4%)

	
22 (16.4%)

	

	

	

	




	
35 to 44

	
34 (34.7%)

	
43 (32.1%)

	
0.788

	
0.477

	
2

	
0.045




	
45 or above

	
46 (46.9%)

	
69 (51.5%)

	

	

	

	




	
Body height

	

	

	

	

	

	




	
160 cm or below

	
31 (32%)

	
62 (46.3%)

	
0.029 *

	
4.791

	
1

	
−1.440




	
161 cm or above

	
66 (68%)

	
71 (53.7%)

	

	

	

	








Remarks: The percentages may not add up to 100% due to rounding; * p < 0.05 *** p < 0.001.
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Table A4. The association between work arrangements and with/without musculoskeletal discomfort of any of all body regions.






Table A4. The association between work arrangements and with/without musculoskeletal discomfort of any of all body regions.





	
Any of All Body Regions




	
Work Arrangements

(N = 232)

	
Without Discomfort

	
With Discomfort

	

	

	




	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi






	
No. of WFH months

	

	

	

	

	

	




	
Less than two months

	
32 (35.6%)

	
59 (41.5%)

	

	

	

	




	
Two to three months

	
33 (36.7%)

	
47 (33.1%)

	
0.66

	
0.831

	
2

	
0.06




	
Three months or longer

	
25 (27.8%)

	
36 (25.4%)

	

	

	

	




	
No. of WFH days per week

	

	

	

	

	

	




	
1 to 2 days per week

	
20 (22.2%)

	
38 (26.8%)

	

	

	

	




	
3 to 4 days per week

	
34 (37.8%)

	
48 (33.8%)

	
0.703

	
0.704

	
2

	
0.703




	
5 Days or above per week

	
36 (40.0%)

	
56 (39.4%)

	

	

	

	




	
Working hours during WFH (Work in office vs. WFH)

	

	

	

	




	
Increase working hours

	
38 (42.2%)

	
58 (40.8%)

	

	

	

	




	
Almost the same working hours

	
37 (41.1%)

	
59 (41.5%)

	
0.972

	
0.056

	
2

	
0.016




	
Decrease working hours

	
15 (16.7%)

	
25 (17.6%)

	

	

	

	




	
Hours of computing work

	

	

	

	

	




	
Less than six hours per day

	
13 (14.4%)

	
30 (21.1%)

	
0.405

	
1.81

	
2

	
0.088




	
Six to eight hours per day

	
34 (37.8%)

	
46 (32.4%)

	

	

	

	




	
Over eight hours per day

	
43 (47.8%)

	
66 (46.5%)

	

	

	

	




	
Regular meal break

	

	

	

	

	

	




	
Never/Rarely

	
25 (27.8%)

	
28 (19.7%)

	
0.014 *

	
8.486

	
2

	
0.191




	
Sometimes/often

	
44 (48.9%)

	
96 (67.6%)

	

	

	

	




	
Always

	
21 (23.3%)

	
18 (12.7%)

	

	

	

	




	
Regular rest break

	

	

	

	

	

	




	
No rest is scheduled

	
30 (33.3%)

	
59 (41.5%)

	
0.21

	
1.573

	
1

	
−0.082




	
Rest break is scheduled

	
60 (66.7%)

	
83 (58.5%)

	

	

	

	








Remarks: The percentages may not add up to 100% due to rounding; * p < 0.05.
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Table A5. The association between work arrangements and with/without neck or lower back or right shoulder.






Table A5. The association between work arrangements and with/without neck or lower back or right shoulder.





	
Neck/Lower Back/Right Shoulder




	
Work Arrangements

(N = 232)

	
Without Discomfort

	
With Discomfort

	
N = 232

	

	




	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi






	
No. of WFH months

	

	

	

	

	

	




	
Less than two months

	
34 (34.7%)

	
57 (42.5%)

	

	

	

	




	
Two to three months

	
39 (39.8%)

	
41 (30.6%)

	
0.314

	
2.316

	
2

	
0.10




	
Three months or longer

	
25 (25.5%)

	
36 (26.9%)

	

	

	

	




	
No. of WFH days per week

	

	

	

	

	

	




	
1 to 2 days per week

	
23 (23.5%)

	
35 (26.1%)

	

	

	

	




	
3 to 4 days per week

	
37 (37.8%)

	
45 (33.6%)

	
0.79

	
0.471

	
2

	
0.045




	
5 or above per week

	
38 (38.8%)

	
54 (40.3%)

	

	

	

	




	
Working hours during WFH (Work in office vs. WFH)




	
Increase working hours

	
43 (43.9%)

	
53 (39.6%)

	

	

	

	




	
Almost the same working hours

	
39 (39.8%)

	
57 (42.5%)

	
0.802

	
0.044

	
2

	
0.044




	
Decrease working hours

	
16 (16.3%)

	
24 (17.9%)

	

	

	

	




	
Hours of computing work

	

	

	

	

	




	
Less than six hours per day

	
15 (15.3%)

	
28 (20.9%)

	
0.477

	
1.481

	
2

	
0.08




	
Six to eight hours per day

	
37 (37.8%)

	
43 (32.1%)

	

	

	

	




	
Over eight hours per day

	
46 (46.9%)

	
63 (47.0%)

	

	

	

	




	
Regular meal break

	

	

	

	

	

	




	
Never/Rarely

	
26 (26.5%)

	
27 (20.1%)

	
0.036 *

	
6.663

	
2

	
0.169




	
Sometimes/often

	
50 (51.0%)

	
90 (67.2%)

	

	

	

	




	
Always

	
22 (22.4%)

	
17 (12.7%)

	

	

	

	




	
Regular rest break

	

	

	

	

	

	




	
No rest is scheduled

	
33 (33.7%)

	
56 (41.8%)

	
0.209

	
1.577

	
1

	
−0.082




	
Rest break is scheduled

	
65 (66.3%)

	
78 (58.2%)

	

	

	

	








Remarks: The percentages may not add up to 100% due to rounding; * p < 0.05.
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Table A6. The association between the home workstation setups and with/without musculoskeletal discomfort of any of all body regions.






Table A6. The association between the home workstation setups and with/without musculoskeletal discomfort of any of all body regions.





	
Home Workstation Setups

(N = 232)

	
Any of All Body Regions




	
Without Discomfort

	
With Discomfort

	

	

	

	




	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi






	
Workspace

	

	

	

	

	

	




	
Living area/dining area

	
51 (56.7%)

	
77 (54.2%)

	

	

	

	




	
Spare room/study room/reading area

	
21 (23.3%)

	
23 (16.2%)

	
0.174

	
3.492

	
2

	
0.123




	
Bedroom or other

	
18 (20.0%)

	
42 (29.6%)

	

	

	

	




	
Work desk

	

	

	

	

	

	




	
Fixed height/adjustable height

	
45 (50.0%)

	
51 (35.9%)

	

	

	

	




	
Dining table

	
36 (40.0%)

	
59 (41.5%)

	
0.023 *

	
7.571

	
2

	
0.181




	
Folding table/coffee table/low/high desk

	
9 (10.0%)

	
32 (22.5%)

	

	

	

	




	
Chair

	

	

	

	

	

	




	
Chair with backrest (Swivel office chair, dining chair and folding chair)

	
80 (88.9%)

	
105 (73.2%)

	
0.004 **

	
8.222

	
1

	
0.188




	
Chair without backrest, sofa, low chair & bar stool

	
10 (11.1%)

	
38 (26.8%)

	

	

	

	




	
Display screen

	

	

	

	

	

	




	
Desktop only

	
19 (21.1%)

	
11 (7.7%)

	
0.003 **

	
8.739

	
1

	
0.194




	
Laptop monitor only/Desktop and laptop

	
71 (78.9%)

	
131 (92.3%)

	

	

	

	




	
Input devices

	

	

	

	

	

	




	
External keyboard and mouse

	
30 (33.3%)

	
35 (24.6%)

	

	

	

	




	
Laptop keyboard and external mouse

	
47 (52.2%)

	
69 (48.6%)

	
0.066

	
5.43

	
2

	
0.153




	
Laptop keyboard and touch pad/touch screen/stylus

	
13 (14.4%)

	
38 (26.8%)

	

	

	

	








Remarks: The percentages may not add up to 100% due to rounding; * p < 0.05 ** p < 0.01.
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Table A7. The association between the home workstation setups and with/without neck, lower back, upper back, and right shoulder discomfort.






Table A7. The association between the home workstation setups and with/without neck, lower back, upper back, and right shoulder discomfort.





	
Home Workstation Setups

(N = 232)

	
Neck

	
Lower Back




	
Without Discomfort

	
With Discomfort

	

	

	

	

	
Without Discomfort

	
With Discomfort

	

	

	

	




	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi

	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi






	
Workspace

	

	

	

	

	

	

	

	

	

	

	

	




	
Living area/dining area

	
84 (58.3%)

	
41 (49.4%)

	

	

	

	

	
87 (53.7%)

	
38 (58.5%)

	

	

	

	




	
Spare room/study room/reading area

	
28 (19.4%)

	
15 (18.1%)

	
0.227

	
2.968

	
2

	
0.114

	
36 (22.2%)

	
7 (10.8%)

	
0.122

	
4.203

	
2

	
0.136




	
Bedroom or other

	
32 (22.2%)

	
27 (32.5%)

	

	

	

	

	
39 (24.1%)

	
20 (30.8%)

	

	

	

	




	
Work desk

	

	

	

	

	

	

	

	

	

	

	

	




	
Fixed height/adjustable height

	
62 (43.1%)

	
33 (39.8%)

	

	

	

	

	
71 (43.0%)

	
24 (38.7%)

	

	

	

	




	
Dining table

	
62 (41.3%)

	
32 (38.6%)

	
0.316

	
2.307

	
2

	
0.316

	
66 (40.0%)

	
28 (45.2%)

	
0.775

	
0.51

	
2

	
0.047




	
Folding table/coffee table/low/high desk

	
20 (13.9%)

	
18 (21.7%)

	

	

	

	

	
28 (17.0%)

	
10 (16.1%)

	

	

	

	




	
Chair

	

	

	

	

	

	

	

	

	

	

	

	




	
Chair with backrest (Swivel office chair, dining chair, folding chair)

	
122 (84.7%)

	
60 (72.3%)

	
0.024 *

	
5.121

	
1

	
0.15

	
136 (84.0%)

	
46 (70.8%)

	
0.024 *

	
5.071

	
1

	
0.149




	
Chair without backrest, sofa, low chair & bar stool

	
22 (15.3%)

	
23 (27.7%)

	

	

	

	

	
26 (16.0%)

	
29.2%)

	

	

	

	




	
Display screen

	

	

	

	

	

	

	

	

	

	

	

	




	
Desktop only

	
24 (16.7%)

	
5 (6.0%)

	
0.021 *

	
5.352

	
1

	
0.154

	
24 (14.8%)

	
5 (7.7%)

	
0.146

	
2.112

	
1

	
0.096




	
Laptop monitor only/Desktop and laptop

	
120 (83.3%)

	
78 (94%)

	

	

	

	

	
138 (85.2%)

	
60 (92.3%)

	

	

	

	




	
Input devices

	

	

	

	

	

	

	

	

	

	

	

	




	
External keyboard and mouse

	
47 (32.6%)

	
18 (21.7%)

	
0.106

	
4.497

	
2

	
0.141

	
48 (29.6%)

	
17 (26.2%)

	

	

	

	




	
Laptop keyboard and external mouse

	
71 (49.3%)

	
42 (50.6%)

	

	

	

	

	
77 (47.5%)

	
36 (55.4%)

	
0.554

	
1.182

	
2

	
0.072




	
Laptop keyboard and touch pad/touch screen/stylus

	
26 (18.1%)

	
23 (27.7%)

	

	

	

	

	
37 (22.8%)

	
12 (18.5%)

	

	

	

	




	
Home Workstation Setups

(N = 232)

	
Upper Back

	
Right Shoulder




	
Without Discomfort

	
With Discomfort

	

	

	

	

	
Without Discomfort

	
With Discomfort

	

	

	

	




	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi

	
N (%)

	
N (%)

	
p-Value

	
Χ2

	
df

	
Phi




	
Workspace

	

	

	

	

	

	

	

	

	

	

	

	




	
Living area/dining area

	
93 (56.4%)

	
32 (51.6%)

	

	

	

	

	
94 (57%)

	
31 (50%)

	

	

	

	




	
Spare room/study room/reading area

	
31 (18.8%)

	
12 (9.4%)

	
0.780

	
0.496

	
2

	
0.047

	
33 (20%)

	
10 (16.1%)

	
0.248

	
2.792

	
2

	
0.111




	
Bedroom or other

	
41 (24.8%)

	
18 (29.0%)

	

	

	

	

	
38 (23%)

	
21 (33.9%)

	

	

	

	




	
Work desk

	

	

	

	

	

	

	

	

	

	

	

	




	
Fixed height/adjustable height

	
71 (43.0%)

	
24 (38.7%)

	

	

	

	

	
69 (41.8%)

	
26 (41.9%)

	

	

	

	




	
Dining table

	
66 (40.0%)

	
28 (45.2%)

	
0.775

	
0.510

	
2

	
0.047

	
69 (41.8%)

	
25 (40.3%)

	
0.963

	
0.76

	
2

	
0.018




	
Folding table/coffee table/low/high desk

	
28 (17%)

	
10 (16.1%)

	

	

	

	

	
27 (16.4%)

	
11 (17.7%)

	

	

	

	




	
Chair

	

	

	

	

	

	

	

	

	

	

	

	




	
Chair with backrest (Swivel office chair, dining chair, folding chair)

	
134 (81.2%)

	
48 (77.4%)

	
0.523

	
0.408

	
1

	
0.042

	
138 (83.6%)

	
44 (71%)

	
0.033 *

	
4.551

	
1

	
0.142




	
Chair without backrest, sofa, low chair & bar stool

	
31 (18.8%)

	
14 (22.6%)

	

	

	

	

	
27 (16.4%)

	
18 (29%)

	

	

	

	




	
Display screen

	

	

	

	

	

	

	

	

	

	

	

	




	
Desktop only

	
27 (16.4%)

	
2 (3.2%)

	
0.008 **

	
6.980

	
1

	
0.175

	
24 (14.5%)

	
5 (8.1%)

	

	

	

	




	
Laptop monitor only/Desktop and laptop

	
138 (83.6%)

	
60 (96.8%)

	

	

	

	

	
141 (85.5%)

	
57 (91.9%)

	
0.192

	
1.699

	
1

	
0.087




	
Input devices

	

	

	

	

	

	

	

	

	

	

	

	




	
External keyboard and mouse

	
51 (30.9%)

	
14 (22.6%)

	

	

	

	

	
49 (29.7%)

	
16 (25.8%)

	

	

	

	




	
Laptop keyboard and external mouse

	
79 (47.9%)

	
34 (54.8%)

	
0.456

	
1.569

	
2

	
0.083

	
80 (48.5%)

	
33 (53.2%)

	
0.796

	
0.457

	
2

	
0.045




	
Laptop keyboard and touch pad/touch screen/stylus

	
35 (21.2%)

	
14 (22.6%)

	

	

	

	

	
36 (21.8%)

	
13 (21.0%)

	

	

	

	








Remarks: The percentages may not add up to 100% due to rounding; * p < 0.05 ** p < 0.01.
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Table 1. The prevalence rate of work-related musculoskeletal discomfort of homeworkers among 14 body regions.






Table 1. The prevalence rate of work-related musculoskeletal discomfort of homeworkers among 14 body regions.





	Body Regions (N = 232)
	Neck
	Upper Back
	Lower Back
	Left Shoulder
	Right Shoulder
	Left Upper Arm
	Right Upper Arm





	Without discomfort (%)
	49.6
	54.3
	56.0
	63.4
	58.6
	72.8
	68.1



	With discomfort (%)
	50.4
	45.7
	44.0
	36.6
	41.4
	27.2
	31.9



	Discomfort level (Mean)
	2.31
	1.83
	1.97
	1.48
	1.87
	0.85
	1.18



	Discomfort Level (SD)
	2.793
	2.532
	2.725
	2.428
	2.765
	1.782
	2.202



	Body Regions
	Eyes
	Left elbow
	Right elbow
	Left wrist
	Right wrist
	Left lower leg
	Right lower leg



	Without discomfort (%)
	57.3
	78.0
	76.3
	78.4
	69.4
	78.4
	77.2



	With discomfort (%)
	42.7
	22.0
	23.7
	21.6
	30.6
	21.6
	22.8



	Discomfort level (Mean)
	1.79
	0.65
	0.77
	0.66
	1.10
	0.60
	0.67



	Discomfort level (SD)
	2.403
	1.53
	1.717
	1.58
	2.063
	1.426
	1.581
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Table 2. Discomfort frequency of the three most reported MSD body regions (neck, lower back, and right shoulder).
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Discomfort Frequency (N = 232)

	
Neck

	
Lower Back

	
Right Shoulder




	
N

	
%

	
N

	
%

	
N

	
%






	
Never

	
67

	
28.9

	
91

	
39.2

	
92

	
39.7




	
Rarely (few times/month)

	
74

	
31.9

	
66

	
28.4

	
67

	
28.9




	
Frequently (few times/week)

	
64

	
27.6

	
47

	
20.3

	
47

	
20.3




	
Constantly (nearly every day)

	
27

	
11.6

	
28

	
12.1

	
26

	
11.2








Remark: The percentages may not add up to 100% due to rounding.
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Table 3. Work arrangements of homeworkers.






Table 3. Work arrangements of homeworkers.





	
Work Arrangements (N = 232)

	
N

	
Percentage (%)






	
No. of months WFH

	
Less than 1 month

	
39

	
16.8




	
1 to 2 months

	
52

	
22.4




	
2 to 3 months

	
80

	
34.5




	
4 months or longer

	
61

	
26.3




	
No. of day WFH per week

	
1 day per week

	
24

	
10.3




	
2 days per week

	
34

	
14.7




	
3 days per week

	
51

	
22.0




	
4 days per week

	
31

	
13.4




	
5 days or more per week

	
92

	
39.7




	
Working hours during WFH

(Work in office vs. WFH)

	
Increase by 1 to 2 h/day

	
47

	
20.3




	
Increase by over 2 h/day

	
49

	
21.1




	
Almost the same

	
96

	
41.4




	
Decrease 1 to 2 h/day

	
20

	
8.6




	
Decrease over 2 h/day

	
20

	
8.6




	
Hours with computing work

	
Less than 3 h

	
17

	
7.4




	
3 to 6 h

	
31

	
13.4




	
6 to 8 h

	
80

	
34.5




	
8 h or more

	
104

	
44.8




	
Regular meal break

	
Never

	
15

	
6.5




	
Rarely

	
38

	
16.4




	
Sometimes

	
60

	
25.9




	
Often

	
80

	
34.5




	
Always

	
39

	
16.8




	
Regular rest break

	
No rest break is scheduled

	
89

	
38.4




	
Every 30 min to 1 h

	
36

	
15.5




	
Every 2 h

	
65

	
28.0




	
Every 3 h

	
30

	
12.9




	
Every 4 h

	
12

	
5.2








Remark: The percentages may not add up to 100% due to rounding.
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Table 4. Home workstation setups for homeworkers.
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Home Workstation Setups (N = 232)

	
N

	
Percentage (%)






	
Workspace

	
Living area

	
76

	
32.8




	
Dining area

	
52

	
22.4




	
Spare room/study room or reading area

	
44

	
19.0




	
Bedroom

	
57

	
24.6




	
Others

	
3

	
1.3




	
Work desk

	
Fixed height desk

	
87

	
37.5




	
Adjustable desk

	
9

	
3.9




	
Dining table

	
95

	
40.9




	
Folding table

	
19

	
8.2




	
Coffee table/low table/high table

	
16

	
6.9




	
Others

	
6

	
2.6




	
Chair

	
Swivel chair with height adjustable function

	
67

	
28.9




	
Swivel chair without height adjustable function

	
7

	
3.0




	
Dining chair

	
79

	
34.1




	
Fixed height and fixed back chair

	
22

	
9.5




	
Bench without back support

	
8

	
3.4




	
Folding chair with back support

	
9

	
3.9




	
Folding chair without back support

	
8

	
3.4




	
Sofa/armchair

	
18

	
7.8




	
Low chair/kid sized chair/bar stool

	
3

	
1.3




	
On the floor/on the bed

	
10

	
4.3




	
Others

	
1

	
0.4




	
Display screen

	
Laptop screen only

	
147

	
63.4




	
One desktop monitor only

	
23

	
9.9




	
Use two or more desktop monitors

	
7

	
3.0




	
Laptop screen as main and desktop monitor as supplementary use

	
17

	
7.3




	
Desktop monitor as main monitor and laptop screen as supplementary use

	
31

	
13.4




	
Two or more desktop monitors and laptop

	
4

	
1.7




	
Two or more laptop screens

	
3

	
1.3




	
Input devices

	
External keyboard and mouse

	
65

	
28.0




	
Laptop keyboard and external mouse

	
116

	
50.0




	
Laptop keyboard and mouse touch pad

	
45

	
19.4




	
Touch screen/stylus

	
6

	
2.6








Remark: The percentages may not add up to 100% due to rounding.
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Table 5. Summarised results of demographic characteristics and work arrangement factors associated with musculoskeletal discomfort.
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Factors

(N = 232)

	
Any of All Body Regions

Without Discomfort (N = 90, 38.8%)

With Discomfort (N = 142, 61.2%)

	
Neck/Lower Back/Right Shoulder

Without Discomfort (N = 98, 42.2%)

With Discomfort (N = 134, 57.8%)






	
Demographic characteristics




	
Gender

	
0.001 ***

	
<0.001 ***




	
Age

	
^ NS

	
NS




	
Height

	
NS

	
0.029 *




	
Work arrangements




	
No. of months WFH

	
NS

	
NS




	
No. of day WFH per week

	
NS

	
NS




	
Working hours during WFH

	
NS

	
NS




	
Hours with computing work

	
NS

	
NS




	
Regular meal break

	
0.014 *

	
0.036 *




	
Regular rest break

	
NS

	
NS








Remarks: ^ NS: not significant. * p < 0.05 *** p < 0.001.
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Table 6. Summarised results of home workstation setup factors associated with self-reported musculoskeletal discomfort.
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	Home Workstation Setups

Factors

(N = 232)
	Any of All Body Regions
	Neck
	Lower Back
	Upper Back
	Right Shoulder





	Workspace
	^ NS
	NS
	NS
	NS
	NS



	Work desk
	0.023 *
	NS
	NS
	NS
	NS



	Chair
	0.004 **
	0.024 *
	0.024 *
	NS
	0.033 *



	Display screen
	0.003 **
	0.021 *
	NS
	0.008 **
	NS



	Input devices
	NS
	NS
	NS
	NS
	NS







Remarks: ^ NS: not significant. * p < 0.05 ** p < 0.01.
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Table 7. Summary of multivariate logistic regression analyses for demographic characteristics and work arrangements and self-reported musculoskeletal discomfort.
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Body Regions with Discomfort (Yes/No)




	
(N = 232)

	
With/Without MSD

	
Neck/Lower Back/Right Shoulder




	
p-Value

	
Odds Ratio

	
95% CI

(Lower to Upper Bound)

	
p-Value

	
Odds Ratio

	
95% CI

(Lower to Upper Bound)






	
Demographic characteristics




	
Gender

	

	

	

	

	

	




	

	
Male

	

	
1.00

	

	

	
1.00

	




	

	
Female

	
0.015 *

	
2.330

	
1.181–4.597

	
0.016 *

	
2.280

	
1.164–4.467




	
Body height

	

	

	

	

	

	




	

	
160 cm or below

	

	
1.00

	

	

	
1.00

	




	

	
161 cm or above

	
0.771

	
0.906

	
0.468–1.757

	
0.557

	
0.824

	
0.432–1.572




	
Work arrangements

	

	

	

	

	

	




	
Regular meal break

	

	

	

	

	

	




	

	
Never/Rarely

	

	
1.00

	

	

	
1.00

	




	

	
Sometimes/Often

	
0.024 *

	
2.165

	
1.109–4.223

	
0.054

	
1.912

	
0.988–3.700




	

	
Always

	
0.783

	
0.887

	
0.376–2.089

	
0.720

	
0.855

	
0.363–2.016




	
Rest break

	

	

	

	

	

	




	

	
No rest break is scheduled

	

	
1.00

	

	

	
1.00

	




	

	
Rest break is scheduled

	
0.157

	
0.658

	
0.368–1.176

	
0.172

	
0.672

	
0.381–1.185








* p < 0.05.
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Table 8. Summary of multivariate logistic regression analyses for home workstation and self-reported musculoskeletal discomfort.
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Body Regions with Discomfort (Yes/No)




	
Home Workstation Setups

(N = 232)

	
With/Without MSD




	
p-Value

	
Odds Ratio

	
95% CI

(Lower to Upper Bound)






	
Chair

	

	

	




	

	
Chair with backrest

	

	
1.00

	




	

	
Chair without backrest, sofa, lower chair & bar stool

	
0.013 *

	
2.635

	
1.228–5.655




	
Display screen

	

	

	




	

	
Desktop monitor(s)

	

	
1.00

	




	

	
Laptop monitor only or with desktop monitor

	
0.012 *

	
2.818

	
1.258–6.314








* p < 0.05.
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Table 9. Summary of multivariate logistic regression analyses for home workstation setups and neck, lower back, upper back, and right shoulder musculoskeletal discomfort.
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Body Regions with Discomfort (Yes/No)




	
Home Workstation Setups

(N = 232)

	
Neck

	
Lower Back




	
p-Value

	
Odds Ratio

	
95% CI

(Lower to Upper Bound)

	
p-Value

	
Odds Ratio

	
95% CI

(Lower to Upper Bound)






	
Chair

	

	

	

	

	

	




	

	
Chair with backrest

	

	
1.00

	

	

	
1.00

	




	

	
Chair without backrest, sofa, lower chair & bar stool

	
0.231

	
1.494

	
0.775–2.878

	
0.108

	
1.703

	
0.890–3.260




	
Display screen

	

	

	

	

	

	




	

	
Desktop monitor(s)

	

	
1.00

	

	

	
1.00

	




	

	
Laptop monitor only or with desktop monitor

	
0.012 *

	
3.033

	
1.282–7.177

	
0.031 *

	
2.689

	
1.096–6.593




	

	
Body Regions with Discomfort (Yes/No)




	
Home Workstation Setups

(N = 232)

	
Upper Back

	
Right Shoulder




	
p-Value

	
Odds Ratio

	
95% CI

(Lower to Upper Bound)

	
p-Value

	
Odds Ratio

	
95% CI

(Lower to Upper Bound)




	
Chair

	

	

	

	

	

	




	

	
Chair with backrest

	

	
1.00

	

	

	
1.00

	




	

	
Chair without backrest, sofa, lower chair & bar stool

	
0.745

	
1.113

	
0.584–2.122

	
0.144

	
1.618

	
0.848–3.086




	
Display screen

	

	

	

	

	

	




	

	
Desktop monitor(s)

	

	
1.00

	

	

	
1.00

	




	

	
Laptop monitor only or with desktop monitor

	
0.013 *

	
3.105

	
1.268–7.604

	
0.124

	
1.967

	
0.830–4.663








* p < 0.05.
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Table 10. Summarised results of demographic characteristics and work arrangements factors associated with musculoskeletal discomfort.
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Predictors

(N = 232)

	
Any of All Body Regions

Without/with Discomfort

	
Neck/Lower Back/Right Shoulder

Without/with Discomfort






	
Demographic characteristics




	
  Gender

	
0.015 *

	
0.016 *




	
  Body height

	
^ NS

	
NS




	
Work arrangements




	
  Regular meal break

	
0.024 *

	
NS




	
  Regular rest break

	
NS

	
NS








Remarks: ^ NS: not significant. * p < 0.05.
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Table 11. Summarised results of home workstation setups factors associated with musculoskeletal discomfort.






Table 11. Summarised results of home workstation setups factors associated with musculoskeletal discomfort.





	

	
Without/with Discomfort




	
+ Predictors

(N = 232)

	
Any of All Body Regions

	
Neck

	
Lower Back

	
Upper Back

	
Right Shoulder






	
Chair

	
0.013 *

	
^ NS

	
NS

	
NS

	
NS




	
Display screen

	
0.012 *

	
0.012 *

	
0.031 *

	
0.013 *

	
NS








Remarks: + Work desk was removed from the model because all the regression results were insignificant. ^ NS: not significant. * p < 0.05.
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