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ABSTRACT  
Background: Work-related musculoskeletal disorders (WMSDs) 
are an increasing global occupational health problem that 
contributes to physical and mental health impairment, elevated 
risk of chronic diseases, and increased mortality. Prolonged 
incorrect working posture places excessive stress on 
musculoskeletal structures and disrupts normal body function. 
Advances in artificial intelligence–based three-dimensional 
posture analysis offer opportunities for improved ergonomic 
assessment. This study aimed to determine the prevalence of 
WMSDs among computer workers in Indonesia, examine 
associations with reported occupational risk factors, and 
compare posture inclination between workers with and without 
WMSDs 
 
Methods: A cross-sectional study was conducted among 73 
male computer workers in Indonesia using an online 
questionnaire. Data on musculoskeletal symptoms and 
occupational risk factors were self-reported. Associations 
between WMSDs and risk factors were analyzed using 
Spearman’s rank correlation, while differences in posture 
inclination between groups were assessed using the 
Mann–Whitney U test 
 
Results: The prevalence of WMSDs was 67.1%. The most 
commonly affected body regions were the neck, upper back, and 
lower back. Significant positive associations (p < 0.05) were 
observed between WMSDs and sustained sitting, awkward 
posture, high job demand, workplace stress, inappropriate 
workstation setup, and unsuitable chair type. No significant 
differences in overall posture inclination were identified 
between the WMSD and non-WMSD groups. However, among 
participants with WMSDs, a significant difference in front-view 
hip tilt inclination was found between workers aged below 30 
years and those aged 30 years or older (p = 0.010). 
 
Conclusion: A high prevalence of WMSDs was found among 
Indonesian computer workers, particularly affecting the neck 
and back regions. Multiple occupational risk factors were 
significantly associated with WMSDs, emphasizing the need for 
ergonomic interventions and workplace health promotion 
strategies. 
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INTRODUCTION 

More than 150 illnesses affecting the locomotor system are classified as 
musculoskeletal diseases (Briggs et al., 2018). These disorders are characterized by pain 
and diminished physical function, which can lead to considerable deterioration of 
mental health, increased risk of developing other chronic health diseases, and increased 
all-cause mortality (Briggs et al., 2018). Epidemiological studies have shown a 
correlation between work conditions and musculoskeletal disorders. In addition, some 
other studies have suggested that standing posture, work habits, and other demographic 
factors may be correlated with pain prevalence, location, and other symptoms (Krishnan 
et al., 2021). These risk factors can increase the occurrence of these injuries, making 
work-related musculoskeletal disorders (WMSDs) an international health concern 
(Nunes and Bush, 2012). The diversity and complexity of the factors that contribute to 
the emergence of these disorders explain the difficulties that are frequently encountered 
in determining the best-suited ergonomic intervention to be carried out in a given 
workplace to prevent the occurrence of these disorders. 
​ Technology is constantly improving, fulfilling human needs, and simplifying human 
labour. Computers are a part of this rapidly evolving technology, which is crucial and 
widely utilized in almost all aspects of life, including work-related tasks in most 
businesses. If computer usage behavior is not effectively managed, it can result in 
dangerous health issues for employees, eventually restraining their ability to perform 
everyday tasks efficiently (Laraz et al., 2020). 
​ The posture, or the relative disposition of the body at any given time, is a composite of 
the orientation of the body's various joints at that time. The position of each joint 
influences the other joints (Magee, 2014). A static posture implies that the body is 
aligned and maintained in certain positions, including standing, sitting, lying, and 
kneeling (Levangie and Norkin, 2005). Spinal positioning is crucial for good static 
posture. The spine is arranged into three natural curves: at the neck, mid/upper back, 
and lower back, and it is necessary to maintain these curves. When the body cannot 
maintain a good posture, it adapts to the position and causes an inclination of the body 
posture. These posture inclinations can affect, lead to, and worsen incorrect body 
postures when working. The different postures related to body inclination include 
lordotic, kyphosis, scoliosis, sway back, and forward head postures.  
However, workplace ergonomics is yet to be fully implemented, particularly for office 
workers. Poor posture and lack of knowledge of correct postures while working can 
lead to pain and discomfort. Proper posture minimizes the strain on the body by 
maintaining a balance within the musculoskeletal system. A balanced musculoskeletal 
state protects the supporting structures in the body and prevents damage or progressive 
deformation in all body positions, including standing, lying down, and sitting (Kim et 
al., 2015). 
​ Computer-related work requires maintaining a seated posture for a long time, and 
maintaining the correct posture is challenging. Incorrect posture creates stress and 
prevents proper functioning of the body's structure (Edwar et al., 2020). Intense postural 
demands, repeated stress, static muscle strain, and other factors are common among 
computer workers and are primarily responsible for developing musculoskeletal 
disorders (Laraz et al., 2020). Approximately 40–50% of workers in Indonesia report 
complaints of pain and discomfort while working  (Edwar et al., 2020). However, little 

http://jurnalketerapianfisik.com/index.php/jkf  |  2  
 



 

information is available on how posture can affect and aggravate WMSDs in computer 
workers. Medical technologies powered by artificial intelligence (AI) have developed 
rapidly into clinically relevant solutions. Deep learning algorithms can interpret the 
increasing amounts of data generated by wearables, smartphones, and other mobile 
monitoring sensors in various medical fields (Briganti and Le Moine, 2020). Posture 
analysis using AI technology with three-dimension (3D)-related algorithms is expected 
to provide accurate results. This study aimed to investigate the prevalence of WMSDs 
among computer workers in Indonesia, its correlation with reported pain risk factors, 
and determine the difference in posture inclination between populations with WMSDs 
(WMSD group) and without WMSDs (non-WMSD group). 
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MATERIALS AND METHOD 
A cross-sectional design was used in this study. Data were collected using online 

questionnaires. Ethical clearance was obtained from the Ethics Committee of the Tokyo 
Metropolitan University, Arakawa Campus (approval no. 21075). Permission was 
obtained from the various head of the departments prior to the study. 
Data were obtained from 120 Indonesian male participants aged 20–50.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Research method 

 
The inclusion criteria for this study were participants who used computers for 

work-related duties, such as programmers, software engineers, administrators, and 
office workers. The exclusion criteria for this study were participants who had worked 
for <1 year, those with a history of chronic systemic disease, and those who had recently 
undergone surgery and fractures. Two methods were used to recruit participants in this 
study. First, an invitation poster to complete the questionnaire was posted on social 
media platforms such as Facebook, Instagram, and WhatsApp. Second, the invitation 
was distributed to the institutions and communities via email. Interested participants 
contacted the researcher and an email link to the questionnaire was sent to them. The 
questionnaire also required participants to upload photos of their posture in a standing 
position from both front and side views. Posture analysis results were automatically 
obtained after the researcher uploaded the posture image to the Shisei Karte application. 
The Sisei Karte application is a posture analysis system that analyzes the body strain 
using a 3D analysis algorithm. In this study, the posture analysis data were reanalyzed 
by Sapeet Inc. to provide more accurate results. Statistical analysis was performed on 
the collected data. Participants were informed of the study objectives, procedures, data 
collection process, duration of questionnaire completion, data confidentiality, voluntary 
participation, and the right to refuse participation. Informed consent was obtained from 
all the participants.  

A pilot study involving six eligible workers was conducted, and participants 
reported that the questionnaire was clear, easy to understand, and complete. It was then 
distributed online and only 120 participants completed the questionnaire. The research 
instrument consisted of a self-designed questionnaire, an AI body analyzer, and the 
Shisei Karte application. The questionnaire was divided into several sections. The first 
section collected participants' data, including age, gender, work experience, and 
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working hours per day. The second part considered the prevalence of WMSDs among 
participants. The standardized "Nordic questionnaire" developed by Kuorinka et al. was 
used to assess the prevalence of WMSDs and their distribution in different body parts 
over 12 months. The third part collected data related to the risk factors for WMSDs 
(Celik et al., 2017; Dinar et al., 2018; Eltayeb et al., 2007; Nunes and Bush, 2012). The 
fourth part collected photo data of the participants' anatomic or standing positions in 
both the front and side views. The collected photos were then analyzed using the Shisei 
Karte application. All instructions for taking and uploading pictures were explained in 
the questionnaire. 

Data were analyzed using SPSS Software version 28. The details of the 
participants and the prevalence and body distribution of WMSDs are presented using 
frequencies and percentages. Pearson's chi-square test was used to examine the 
correlation between the plurality of WMSDs and participant characteristics. The 
correlation between risk factors and prevalence of WMSDs was assessed using 
Spearman's rank correlation. The Mann–Whitney U test was used to examine the 
difference in postural inclination between the WMSD and non-WMSD groups. For 
these tests, statistical significance was set at p < 0.05. 
 
 
 
RESULTS  

Participants' details and the prevalence of WMSDs  

Table 1 displays the participants' details. The most prevalent categories included 
participants aged 21–30 years (56.2%), with 6–10 years of work experience (39.7%). 
This table further reveals the high prevalence (67.1%) of WMSDs in this population. 

Table 1: Participants' details and the prevalence of WMSDs. 

Variable Frequency (%) 

Age  

21–30 years old 41 (56.2) 

31–40 years old 22 (30.1) 

41–50 years old 10 (13.7) 

Working period/experience  

1–5 years 26(35.6) 

6–10 years 29(39.7) 

11–15 years 13 (7.8) 

≥16 years 5 (6.8) 

Working hours  

1–5 hours 1(1.4) 

5–8 hours 31(42.5) 

≥8 hours 41(56.2) 

WMSDs  
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Present 49 (67.1) 

Absent 24 (32.9) 

Total 73(100) 

Body distribution of WMSDs among the participants  

Figure 2 shows the distribution of WMSDs across the various body regions 

reported by the participants. The neck (75.3%), upper back (49.3%), and lower back 

(46.5%) were the body regions most affected by the WMSDs. The elbow, ankle, and 

foot are the least reported body regions. 

 

Figure 2. Distribution of WMSDs across the various body regions 

WMSD, work related musculoskeletal disorders 

Correlation between the prevalence of WMSDs and participants' details 

The total number of participants with WMSDs was 49. The association between 

office worker demographics and the prevalence of WMSDs is presented in Table 2. 

There was a significant correlation between the prevalence of WMSDs and working 

hours (p = 0.013), whereas no significant correlation was found between the prevalence 

of WMSDs, age (p = 0.143), or working period (p = 0.244).  
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Table 2: Correlation between office workers' demographics and prevalence of WMSDs.  

  
Variable 

WMSDs 

p Present Absent 
Age     

0.143 
21–30 years old 29 12 
31–40 years old 16 6 
41–50 years old 4 6 
Working period/experience     

0.244 
1–5 years 16 10 
6–10 years 23 6 
11–15 years 8 5 
≥16 years 2 3 
Working hours     

0.013* 
1–5 hours 0 1 
5–8 hours 16 15 
≥8 hours 33 8 

 

Correlation between reported risk factors and prevalence of WMSDs 

Spearman's rank correlation showed a statistically significant positive 

correlation (p<0.05) between the prevalence of WMSDs and the following reported risk 

factors: sustained sitting position, awkward posture, high job demand, workplace stress, 

improper workplace setup, and the wrong type of chair (Table 3). 

Table 3: Correlation between reported risk factors and prevalence of WMSDs. 
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Variable r p-value 
Sustained sitting position 0.241 <0.001* 
Inadequate rest break 0.294 0.027* 
Awkward posture 0.483 <0.001* 
High job demand 0.348 0.007* 
Workplace stress 0.319 0.033* 
Inappropriate workplace setup/workstation 0.253 0.031* 
Inappropriate type of chair 0.041 0.039* 



 

The difference in inclination between the WMSD and non-WMSD groups in front 

and side view posture  

The differences between the WMSD and non-WMSD groups in both the front- 

and side-view posture inclinations are presented in Table 4. The Mann–Whitney U test 

revealed no significant difference in front-view posture inclination between the groups. 

Table 4: Difference in inclination between the WMSD and non-WMSD groups  

*(-): back inclination  
WMSD, Work-Related Musculoskeletal Disorders  

The difference in inclination between WMSDs in people aged above and below 30 

years in both front and side view posture  

The difference between the side-view posture inclination between the WMSD 

and non-WMSD groups is presented in Table 5. The Mann–Whitney U test revealed no 

significant difference in side-view posture inclination between the WMSD and 

non-WMSD groups. 

Table 5: Difference in inclination between WMSDs in people aged above and below 30 years  
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 WMSDs Non-WMSDs 
 Mean ± SD Min Max Mean ± SD Min Max p-value 
Front view posture 
(Right and left inclination) 

       

Tilt of the whole body (°) 1.17 ± 0.77 0.02 3.10 1.13 ± 0.96 0.00 3.90 0.545 

Tilt of the upper body (°) 1.16 ± 0.98  0.00 4.20 1.28 ± 1.13  0.00 3.30 0.874 
Tilt of the lower body (°) 1.26 ± 0.91 0.00 3.60 1.16 ± 1.15 0.00 4.70 0.340 
Tilt of the head (°) 1.86 ± 2.57 0.00 12.70 1.88 ± 2.31 0.00 6.30 0.966 
Misalignment of the neck (cm) 0.84± 0.60 0.00 2.70 0.93 ± 0.81 0.00 2.70 0.967 
Shoulder height deviation (cm) 1.19 ± 1.13 0.00 3.80 0.83 ± 1.15 0.00 3.20 0.078 
Hip tilt (°) 1.30 ± 1.88 0.00 5.80 0.69 ± 1.35 0.00 5.40 0.193 
Side view posture 
(Forward and backward 
inclination) 

       

Tilt of the whole body (°) -0.15 ± 2.07 -5.10 3.20 0.52 ± 2.05 -2.30 3.80 0.301 
Tilt of the upper body (°) -0.02±2.23  -5.10 4.40 0.40 ± 2.04  -4.30 3.90 0.552 
Tilt of the lower body (°) 0.05 ± 2.41 -5.10 4.40 1.00 ± 2.83 -4.10 6.00 0.209 
Tilt of the head (°) 4.10 ± 5.55 -8.10 19.40 2.75 ± 6.00 -8.90 16.60 0.328 
Front shift of the head (cm) 2.25 ± 1.62 -1.30 7.20 2.40 ± 1.59 -1.30 5.70 0.553 

 WMSDs p-value  Mean ± SD Mean ± SD 
 <30 years old >30 years old  
Front view posture 
(Right and left inclination) 

   

Tilt of the whole body (°) 1.13 ± 0.81 0.93 ± 0.65 0.112 
Tilt of the upper body (°) 1.34 ± 1.12 0.91 ± 0.68 0.258 



 

*(-) : back inclination 

WMSD, Work-Related Musculoskeletal Disorders  

​
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Tilt of the lower body (°) 1.34 ± 0.89 1.14 ± 0.94 0.444 
Tilt of the head (°) 1.86 ± 2.88 1.87 ± 2.12 0.511 
Misalignment of neck (cm) 0.87± 0.67 0.79± 0.51 0.870 
Shoulder height deviation (cm) 1.21 ± 1.25 1.16 ± 0.94 0.789 
Hip tilt (°) 1.72 ± 1.89 0.69 ± 1.73 0.010* 
Side view posture 
(Forward and backward inclination) 

   

Tilt of the whole body (°) 0.17 ± 2.07 -0.67 ± 2.00 0.117 
Tilt of the upper body (°) 0.21 ± 2.37 -0.38 ± 2.26 0.324 
Tilt of the lower body (°) 0.27± 2.38 -0.66 ± 2.40 0.214 
Tilt of the head (°) 4.37 ± 6.09 3.41 ± 4.83 0.760 
Shift of the head (cm) 2.28 ± 1.83 2.22± 1.31 0.839 



 

Table 1. This is a table. Tables should be placed in the main text near to the first time they are 
cited. 

Title 1 Title 2 Title 3 
entry 1 data data 
entry 2 data data 1 

 
DISCUSSION 

Most participants (67.1%) in this study reported WMSDs, showing a high 
prevalence rate. Our findings are consistent with those of previous studies (Okezue et 
al., 2020; Vijay, 2013) conducted in various industry sectors involving computer use, 
with an average prevalence of 71.9% among office workers in Nigeria and 59% among 
information technology professionals in India. Ayanniyi et al. reported that the 
prevalence of self-reported musculoskeletal disorders was significantly higher in 
computer users than in non-computer users in the preceding 12 months.  

Our study found that the neck, upper back, and lower back were most 
susceptible to WMSDs. Other studies have shown similar results in the lower back 
(58.1%) and neck (43.3%) (Okezue et al., 2020). Furthermore, various studies also 
support our results showing that the back is the most prevalent region for WMSDs, with 
an incidence of 72.4%, 55.1%, and 57.10% in office workers and 71.3% in secretaries 
(Akodu et al., 2015; Celik et al., 2017). Lower back pain (LBP) is a significant health 
problem in office workers, with a 1-year prevalence rate of 34–51% (Janwantanakul et 
al., 2008). LBP causes considerable personal suffering due to pain, disability, and poor 
quality of work and life, which can result in a significant socioeconomic burden on 
patients and society. The neck is one of the most commonly reported body regions 
susceptible to WMSDs. Furthermore, office workers have the highest prevalence of 
neck disorders compared to people from other occupations, with an annual prevalence 
of 42–63%. The impact of neck pain is significant not only for individuals but also for 
industry and society (Aas et al., 2011). 

Long working hours were found to increase the prevalence of WMSDs, 
suggesting that prolonged exposure to the physical demands of work is a possible risk 
factor for developing WMSDs (Sukadarin et al., 2016). Similarly, working full-time, 
that is, >8 h/day, is significantly related to musculoskeletal disorders in one or more 
body regions (Lipscomb et al., 2002). However, computer workers’ management of 
working hours is a more significant concern than long working hours.  

This study found a positive correlation between the prevalence of WMSDs and 
sustained sitting position, inadequate rest break, awkward posture, high job demand, 
workplace stress, improper workplace setup, and wrong type of office chair. Working in 
a static and sustained body position for an extended period may put the muscles under 
stress, reduce blood flow, lead to fatigue, and eventually cause pain/tissue damage. 
Therefore, sustained body positions can significantly affect WMSD occurrence (Kumar 
et al., 2020). WMSDs, also defined as occupational myalgia, are pain in overstressed 
muscles due to repetitive work, such as static work. One study showed that the 
symptoms of WMSDs are related to the level of muscle activity measured using 
electromyography. Short-term muscles are associated with a high risk of symptoms in 
the neck and shoulder regions. Other studies have also reported that low static 
contraction during work affects the recruitment pattern or motor program, wherein only 
type I muscle fibers are used, which causes selective motor unit fatigue and damage 
(Wahlström et al., 2003). This result is in line with a study that showed that an 
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additional 2 h of prolonged sitting increases the prevalence of musculoskeletal disorders 
in the lower back, hips, thighs, and buttocks Baker et al., 2018). 

Improper bending, defined as a quick incorrect movement of a body part to 
achieve an immediate goal, such as reaching a computer monitor or items on the floor, 
can cause discomfort and strain. This action may result in awkward postures; if this 
improper posture is sustained, the body may experience harmful effects linked to the 
prevalence of WMSDs Okezue et al., 2020). In this study, awkward posture showed a 
moderate relationship with the prevalence of WMSDs (r = 0.483). A study on education 
staff at the Faculty of Public Health showed that adopting the wrong body posture while 
working with a computer can influence MSD complaints in the neck (Situmorang et al., 
2020). 

Breaks allow workers to decrease the time spent on computers, but more 
importantly, they allow muscle relaxation. Our study showed that participants 
completed an average of 5–8 hours of work per day and took only two breaks per day. 
This indicates that a correlation exists between the lack of breaks and the length of time 
working in a static position and the symptoms of WMSDs.  

Our study also revealed that stress levels and high job demands are significantly 
correlated with the prevalence of WMSDs. Accordingly, moderate or extreme levels of 
mental stress in the workplace have been reported to influence the musculoskeletal 
disorders experienced by office workers (Celik et al., 2017). Work can trigger a 
complex set of behavioral, cognitive, and physiological responses or strains, commonly 
referred to as stress responses. This response can result in transitory disturbances in 
mental and physical function that, if prolonged, can eventually lead to persistent 
feelings of distress (frustration, anger, anxiety, and dysphoria) and subsequent physical 
disorders. There is evidence of an association between an increase in MSDs, high job 
demands, and low autonomy in the workplace (European Agency for Safety and Health 
at Work, n.d.). To avoid overexertion, specific requirements and task demands must be 
understood. There are limitations to the workers' capacities and abilities (Acevedo, 
2013). 

In addition, inappropriate workstation setups have been reported to influence the 
prevalence of WMSD. Workstation components, particularly office chairs, can 
contribute to the development of musculoskeletal disorders in office work involving 
computers (Rodrigues et al., 2017). The correct sitting positions are sitting straight and 
upright on a chair supporting the upper and lower back. A large proportion of 
office-related lower back pain can be avoided with lower back support.  

Regarding the association between posture inclination and the prevalence of 
WMSDs, our study results prove that there was no difference in posture inclination 
between the WMSD and non-WMSD groups in both front- and side-view postures. 
However, the results showed that both WMSD and non-WMSD populations 
experienced posture inclination. The forward tilt of the head from the side view had a 
greater mean value than that of the other inclination points, with values of 4.72° and 
3.64° in the WMSD and non-WMSD groups, respectively. In this study, participants 
with symptoms of WMSDs were more likely to be aged below 30 years; therefore, the 
forward tilt head inclination was not significantly different from the non-WMSD group. 
According to a previous study, the tendency for body posture to change with age starts 
between approximately 30–50 years (Gong et al., 2019). The load/force acting on the 
head increases when the head flexion angle increases, while that on the neck is between 
6.32–13.09 kg at 0–15° angle (Ramnaath et al., 2020). According to ISO 1126 and DIN 
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EN1005-4, an ergonomic working posture standard, the head inclination angle is 
divided into neutral, moderate, and awkward. Angles between 0 °and 25° are considered 
neutral, and angles >25° are considered moderate posture inclinations. If the individual 
maintains an increased head tilt by flexing the neck while working in front of a 
computer, a large load/force acting on the neck is generated. Although there was no 
significant difference between the population with musculoskeletal disorders and those 
without, the load received by the neck was unavoidable. 

Examination of the front view posture inclination between the WMSD 
populations aged above and below 30 years revealed a significant difference in hip tilt 
(p = 0.010) between the two groups. Using gait analysis, hip tilt upward, also known as 
hip hike, was analyzed during walking, standing on one leg, or side-lying while 
performing a hip abduction movement. The hip hike raises the pelvis on one side of the 
body during gait movement owing to an early quadratus lumborum contraction on the 
side of hip abduction before an ipsilateral gluteus medius contraction. However, in this 
study, the posture analysis was performed only in the static position. The resulting 
postural inclination in the static position may occur because of altered hip abduction 
during walking. In this study, participants in the below-30-year-old age group 
experienced a more significant hip tilt upward inclination than those in the 
above-30-year-old age group. There was no significant difference between the above- 
and below-30-year-old age groups in side-view posture. This study showed that the 
above 30-year-old age group had increased back tilt of the whole body, upper body, and 
lower body. This implies that the tendency for postural change occurs with age. 

 
CONCLUSION 

Recently, WMSDs have become a challenge for computer workers. A high 
prevalence of WMSDs was found in this study among Indonesian computer workers, 
especially in the neck, upper back, lower back, and other regions. Long working hours 
and multiple risk factors were correlated with the prevalence of WMSDs. Hip tilt 
upward in the front view posture showed a significant difference between WMSD 
populations in the below- and above-30-year-old age cohorts. 
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