
Proceedings of the 6th African International Conference on Industrial Engineering and Operations 
Management Rabat, Morocco, April 7-10, 2025  
 

© IEOM Society International 

 
Proceedings of the International Conference on Industrial Engineering and Operations Management 

 
 

Publisher: IEOM Society International, USA 
Published: April 8, 2025 

DOI: 10.46254/AF6.20250100 

 
Assessment of Risk Factors of Musculoskeletal Disorder 
Among Occupational Motorcyclists Under Ride-Hailing 

Applications in Metro Manila 
 

Professor Carlos Ignacio Lugay Jr., PhD, PIE, ASEAN Engr. 
Research Adviser and Co-Author 

Department of Industrial Engineering 
University of Santo Tomas-Manila 

Sampaloc, Manila  
Philippines 

cplugay@ust.edu.ph 
 

Althea Laicy Cruz, Pearl Rose Eras, Marc Francis Imperial 
and Ralph Gabriel Sauco 

Student, Bachelor of Science in Industrial Engineering 
University of Santo Tomas-Manila 

Sampaloc, Manila  
Philippines 

althealaicy.cruz.eng@ust.edu.ph, pearlrose.eras.eng@ust.edu.ph 
marcfrancis.imperial.eng@ust.edu.ph  
ralphgabriel.sauco.eng@ust.edu.ph 

 
Abstract 

 
With the rise of diverse transportation options worldwide, companies now consider various factors in mobility and 
delivery. Motorcycle taxis have become widely available and are rapidly transforming the transportation scene in the 
Philippines. Due to increasing commuter demand, tens of thousands of additional ride-hailing motorcyclists are 
needed, leading to continuous growth in this sector. Despite its expansion, a significant research gap exists. Most 
studies focus on risk factors without incorporating "pain level" as a measure for identifying musculoskeletal disorders 
(MSDs) among ride-hailing motorcyclists. This study addresses that gap by examining the correlation between risk 
factors and the pain levels of MSDs among ride-hailing motorcyclists in the Philippines. The primary objective is to 
determine the significant risk factors influencing MSD-related pain. The research focuses on male ride-hailing 
motorcyclists aged 21–55 in Metro Manila, utilizing surveys, interviews, and observations for data collection. Multiple 
linear regression analysis with "pain level" as the dependent variable is employed. Findings indicate that weight, 
alcohol consumption, motorcycle vibration, and riding duration significantly impact MSD-related pain levels. These 
factors contribute to work-related musculoskeletal disorders (WMSDs) among ride-hailing motorcyclists. To mitigate 
risks, the study recommends careful monitoring of rider weight, reducing alcohol intake, regular motorcycle 
maintenance, and limiting travel to 7–9 hours per day to minimize fatigue. Addressing these factors can improve rider 
well-being and work efficiency, reducing the prevalence of WMSDs among motorcycle taxi drivers in the Philippines. 
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1. Introduction 
With the rise of different transportation modalities worldwide, companies have gained the ability to consider different 
aspects of moving or delivering. Motorcycle taxis have been widely available to consumers and are slowly taking over 
the transportation scene in the Philippines with ease. The country needs an additional tens of thousands of ride-hailing 
motorcyclists to meet the demand of commuters, due to this, the number of motorcycle taxi riders is continuously 
increasing, and according to a news article by Rappler (2023), at least 100,000 motorcycle taxi riders needed for 
industry. To be able to provide for their families, these ride-hailing motorcyclists ignore the innate risks of the venture. 
About 70% of traffic-related incidents in the country involve injured motorcyclists, also claiming 50% of road deaths 
(Amisola, 2020). In turn, this meant the question of safety and reliability with the growing uncertainty on the viability 
of motorbiking as a commute alternative in the first place. 
 
Work-related Musculoskeletal disorders (WMSDs) are injuries from working brought by sudden or sustained exposure 
to repetitive movements, force, vibration, and awkward positions. The most commonly affected body regions among 
motorcyclists are the lower back, neck, shoulder, upper back, hips, thighs, and buttocks (Hafzi et al. 2011). Overall, 
WMSDs commonly experienced by motorcycle riders include lower back pain, neck and shoulder pain, wrist and 
hand pain, and hip and knee strain, along with vibration-related injuries eventually leading to Hand-Arm Vibration 
Syndrome (HAVS). 
 
Accordingly, the research would be vital to improving the health quality and working experience of the increasing 
number of riders who have ride-hailing applications as their daily source of income. The results identified and analyzed 
the various risk factors contributing to WMSDs among ride-hailing motorcyclists, aiming to devise effective strategies 
and provide recommendations to mitigate or eliminate these risks. Lastly, there remains a significant gap in the 
literature, as existing studies are predominantly focused on the prevalence of risk factors and do not include the 
variable “pain level” as the method of identifying existing Musculoskeletal Disorders (MSDs) of ride-hailing 
motorcyclists.  
 
1.1 Objectives 
The main objective of the study is to determine the significant risk factors that influence the pain levels of 
Musculoskeletal Disorders (MSDs) experienced by ride-hailing motorcyclists. The study also developed 
recommendations to mitigate or eliminate these risks. In addition, the research aims to address the following specific 
objectives: 1.) To determine the risk factors that influence the pain levels of MSDs experienced by ride-hailing 
motorcyclists through the review of related literature. 2.) Utilize MLR in the analysis of the gathered data. 3.) To 
determine the relationships between the identified risk factors and the pain levels experienced by the rider. 4.) Develop 
recommendations to mitigate or eliminate the identified significant risk factors. 
 
2. Literature Review 
In response to the Philippines' growing transportation demands, commuters increasingly rely on Transport Network 
Vehicle Service (TNVS) apps, also known as "app-based ride-hailing services," as a convenient means of travel 
(Gumasing et al. 2023). Along with this surge, a significant number of individuals are exposed to prolonged periods 
of discomfort while riding motorcycles (Arunachalam et al. 2021). Previous research on motorcycle ergonomics 
provides a foundation for understanding the potential risk factors contributing to musculoskeletal disorders (MSDs) 
among motorcycle riders exposed to extended riding durations (Anoop & Binoosh  2019; Arunachalam et al. 2021). 
 
The detrimental effects of prolonged static sitting have been highlighted as a major contributor to MSDs, leading to 
muscle stiffness, reduced blood flow, discomfort, distress, and fatigue (Tony et al. 2020). Despite concerns about 
motorcycle riders acquiring MSDs due to prolonged riding durations, recent studies suggest that MSDs remain an 
overlooked area of research among motorcycle riders despite the large population of two-wheeler riders and 
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passengers (Ospina-Mateus et al. 2019; Diyana et al. 2019; Arunachalam et al. 2021). Due to limited research, 
identifying MSDs among motorcycle riders has been challenging (Ullah et al. 2022). 
 
Studies focusing on ergonomic interventions emphasize the importance of posture improvements in mitigating MSD 
risks. Hutabarat et al. (2022) conducted research among 30 drivers in Malang District, Indonesia, across three types 
of motorcycles, integrating Rapid Upper Limb Assessment (RULA) and Rapid Entire Body Assessment (REBA) 
methodologies to address ergonomic concerns. The study proposed adjustments to body angles and positions, 
including neck, back, leg, arm, and wrist positioning, to reduce muscle tension and prevent discomfort. 
Recommendations included maintaining neck angles within 0-20 degrees, aligning back posture at 0-20 degrees, 
adjusting seat height, positioning legs forward, maintaining relaxed arm positions, and ensuring wrist angles of 15 
degrees (Hutabarat et al. 2022). Salunkhe et al. (2022) suggest interventions such as educating riders on correct 
posture, increasing physical activity, performing back stretches, and ergonomically redesigning handles and seating. 
 
MSDs manifest in various body parts, with lower back pain (LBP) being the most frequently reported, followed by 
upper back pain (UBP), shoulder pain, and neck pain (Anoop & Binoosh, 2019; Initia et al. 2022; Morken et al. 2007; 
Larsen, 2018). Biomechanical factors such as joint angles, stress, postures, muscular contractions, force exertion, and 
pressure distribution while seated contribute to these disorders (Ullah et al. 2022; Initia et al. 2022; Lugay & Matias, 
2015). Common MSDs include trunk strain, neck and shoulder pain, wrist and hand pain, and hip and knee strain, 
which may have long-term repercussions for rider well-being. Improper riding posture has also been identified as a 
significant contributor to MSD risk factors in the spine, shoulders, and arms (Arunachalam et al. 2021). While less 
prominent, some discomfort is also reported in the hips, knees, and feet (Larsen 2018; Morken et al. 2007). LBP 
remains widespread, often exacerbated by extended riding durations (Sultan et al. 2022; Memon et al. 2019). 
 
Physical characteristics such as anthropometrics, age, gender, riding experience, years of usage, and duration play a 
role in determining riding posture (Arunachalam et al. 2019; Initia et al. 2022; Lugay & Matias 2015; Morken  2007; 
Hutabarat 2022). Age is consistently identified as a risk factor for developing MSDs, attributed to biological fatigue 
during riding (Haworth  2006; Alias et al. 2016). Variations in body dimensions, such as height and weight, contribute 
to MSDs, often leading to discomfort and pain that may escalate into serious musculoskeletal issues (Hutabarat 2022; 
Initia et al. 2022). 
 
Personal behaviors significantly correlate with posture health risks. Singh et al. (2023) found that alcohol 
consumption, particularly while driving, increases health risks such as severe injuries, body aches, fatigue, LBP, neck 
pain, and MSDs. Hafzi et al. (2011) identified smoking as a factor associated with a high prevalence of MSDs in 
motorcyclists. Ekpenyong and Inyang (2014) suggested that integrating physical activities into riders' lifestyles 
reduces WMSD risks by enhancing joint function and blood circulation. 
 
Occupational motorcyclists face an elevated risk of work-related musculoskeletal disorders (WMSDs) due to work 
behaviors. Mirbod et al. (1997) found that prolonged riding durations, especially beyond five hours per day, 
significantly contribute to WMSDs. Anoop and Binoosh (2019) warned against extended static postures that restrict 
blood flow and lead to muscle stiffness. Njaka et al. (2023) identified frequent, repetitive work activities and awkward 
occupational postures as causes of painful tendon, muscle, and ligament disorders, ultimately leading to WMSDs. 
Motorcycle riders frequently experience fatigue in the forearm, mid-back, and lower back muscles, with upright 
postures causing more fatigue than leaning-forward postures on rural roads (Ospina-Mateus et al. 2019). MSD-related 
discomfort negatively impacts rider performance, including concentration, cognitive capacity, mobility, and stamina 
(Gumasing & Sanchez 2023). 
 
Riders are also susceptible to environmental factors, with temperature and vibrations posing significant risks (Anoop 
& Binoosh  2019; Lugay & Matias 2015; Bovenzi 2006; Alias et al. 2016). Tony et al. (2020) found that riders maintain 
posture primarily through lower back muscles, which absorb vibrations from the road. These vibrations, known as 
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whole-body vibrations (WBV), are predominantly vertical and significantly impact the human body, highlighting the 
need for ergonomic considerations in motorcycle design to improve rider health and comfort. 
 
Addressing discomfort among motorcycle riders requires considerations of both posture and seating design (Pratiwi 
et al. 2024). Motorcycle design factors, such as seat height, angles, handlebars, and footrest height, significantly 
influence rider posture (Ospina-Mateus et al. 2019). Badrulhisyam et al. (2020) proposed using lumbar support to 
minimize discomfort levels and improve ergonomic seat design. Hutabarat et al. (2022) also recommended improving 
motorcycle dimensions, including seat height, width, and handlebar dimensions, to enhance rider comfort and safety. 
 
Additionally, Ahmad et al. (2023) observed a high prevalence of motorcycle riders seeking medical attention and 
requiring medication to manage MSDs, leading to psychological distress and financial strain for affected individuals 
while also burdening public health, health insurance programs, businesses, and workers. Addressing MSDs among 
occupational motorcyclists is crucial, given their broader societal health and economic implications (Li et al. 2022) 
 
The literature underscores the heightened risk of musculoskeletal disorders (MSDs) among occupational motorcyclists 
due to prolonged riding durations, improper posture, and biomechanical stressors. Lower back pain (LBP) is the most 
frequently reported condition, followed by neck, shoulders, and upper back discomfort. Contributing factors include 
riding posture, motorcycle ergonomics, physical characteristics, and personal behaviors, with environmental factors 
such as whole-body vibrations further exacerbating these issues. Research highlights the necessity of ergonomic 
interventions, including posture education, seat modifications, and lifestyle adjustments, to mitigate MSD risks. 
Addressing these concerns is critical, as MSDs not only affect rider health and performance but also impose significant 
economic and public health burdens. 
 
3. Methods 
The study utilized a correlation type of research design to determine the relationship between the significant risk 
factors and the pain level experienced by the riders. The ten (10) predetermined risk factors: age, height and weight, 
smoking and drinking habits, posture, frequency and duration of riding, vibration of motorcycle, and the engagement 
in physical exercises of the riders are adapted from previous related studies. To quantify the rider's overall “Pain 
Level”, the dependent variable in this study, the values are calculated by summing the products of the frequency and 
severity of pain reported by the rider across all body areas. This approach provides a single quantitative measure of 
the rider’s pain experienced. 
 
The risk factors: age, height, weight, smoking and drinking habits, riding frequency and duration, motorcycle 
vibration, and engagement in physical exercise are measured using a carefully constructed questionnaire to quantify 
the data for analysis. Posture, another risk factor, is assessed through a Rapid Entire Body Assessment (REBA) to 
determine the rider’s posture score. To quantify the rider's overall “Pain Level,” the dependent variable in this study, 
the values are calculated by summing the products of the frequency and severity of pain reported across all body areas. 
This approach provides a single quantitative measure of the rider’s pain, enabling the use of Multiple Linear 
Regression (MLR) to identify significant risk factors influencing pain levels. 
 
Data gathering through interviews and direct observation was accomplished to measure information regarding 
personal demographics, risk factors, and the pain levels experienced by the riders in terms of frequency and severity 
rates. The gathered data underwent thorough analysis using MLR done through the SPSS software. MLR is utilized 
to examine the correlations between dependent and independent variables and identify the significant variables in the 
regression model to understand further the relationship of the identified significant risk factors with the pain level of 
WMSDs experienced by the riders. In conducting MLR, the proponents ensured that all assumptions were met to 
produce reliable and valid results.  
 
4. Data Collection  
The study’s required sample size of 118 was calculated using G*Power software, considering effect size, alpha error 
probability, statistical power, and the number of predictors due to the lack of population data for occupational 
motorcyclists in ride-hailing applications. The study focused on male occupational motorcyclists under ride-hailing 
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application companies who have been working for at least 6 months, aged between 21 and 55, located within Metro 
Manila whose musculoskeletal disorders are work-related. The study concentrated on male riders, reflecting the 
predominant gender demographic among riders. Metro Manila was chosen due to its status as the primary area of 
operation for ride-hailing applications, reflecting the service's high usage and relevance in this region. Occupational 
motorcyclists from all ride-hailing applications such as Angkas, Joyride, and Move It would be considered as there 
are no significant differences between how these applications work and provide their services.  
 

 
Figure 1. Data Gathering Flowchart 

 
For the data collection process, the researchers conducted full face-to-face surveys and direct observations. Before 
administering the survey, the respondents had to answer a screener questionnaire to confirm whether any 
musculoskeletal disorders reported by participants were related to their work. After ensuring the qualifications of the 
participant, the main survey was conducted to measure essential information regarding personal demographics 
(including age, body measurements, and smoking and drinking habits), physical risk factors (such as vibration and 
frequency and duration of riding), non-occupational factors (such as engagement in physical exercises), and the 
frequency and severity rates of pain experienced by the riders. Direct observations were carried out to evaluate the 
postural risks associated with motorcycle riding. The static dimensions of the rider's posture were measured using the 
Rapid Entire Body Assessment (REBA) to assess postural risks associated with motorcycle riding through direct 
observations, providing valuable insights into ergonomics and potential areas for intervention or improvement. 
 
5. Results and Discussion 
5.1 Numerical Results 
Multiple logistic regression (MLR) is a statistical method used to analyze the significant relationships between a 
continuous dependent variable (pain level) and multiple determined independent variables (risk factors). It is crucial 
to adhere to the assumptions of MLR to ensure that the results are valid and reliable. If these assumptions are not met, 
the data should be re-evaluated, and additional steps may be necessary to meet the requirements of the statistical 
model. This chapter contains the numerical results that serve as evidence of the compliance of the collected data with 
the assumptions as well as the MLR results obtained using the SPSS software. 
 
Assumption of Linearity 

 
Table 1. Multiple Correlation Coefficient (R-value) 
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The R-value reflects the predictive quality for the dependent variable, with values approaching 1 indicating greater 
accuracy. In this instance, an R-value of 0.758 falls within the strong positive association range (between +0.6 and 
+0.8), which indicates a solid level of linear relationship, thus complying with the assumption. 
Assumption of Independent Errors and Homoscedasticity 

 
Table 2. Durbin-Watson Test 

 

 
 
The R-squared value denotes the extent to which the independent variable accounts for the variability observed in the 
dependent variable. Specifically, this indicates that the independent variable explains 57.5% of the variation in pain 
levels. As a reference, according to the Munich Personal Archive, an R-square value ranging between 0.50 to 0.99 is 
considered acceptable in conducting MLR. 
 
The computed value for the Durbin-Watson test is 1.527 which is within the acceptable range (between 1.50 and 2.00). 
This indicates that there is no first-order autocorrelation between the data thereby complying with the assumption of 
independent errors and homoscedasticity. 
 
Assumption of No Multicollinearity 

 
Table 3. Pearson Correlation 

 
 
The independent variables must not be correlated with each other, a condition known as multicollinearity. This can be 
assessed through correlation matrices where correlation coefficients should ideally be below 0.80. Present in the figure 
above is the correlation matrix including all the independent variables of the study. It can be observed from the matrix 
that there are no values greater than 0.80, therefore the data does not exhibit multicollinearity. 
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Table 4. Variance Inflation Factor (VIF) 

 
VIF values that are above 4 or below 0.25 indicate that multicollinearity might exist.  Based on the computed VIF of 
the data, the results are less than 4 and the average VIF is not substantially greater than 1 (CFI Team, 2024). Therefore, 
the data does not exhibit multicollinearity. 
 
Assumption of Normally Distributed Errors 
 

Table 5. Kolmogorov-Smirnov and Shapiro-Wilk 
 

 
 
The results of the Kolmogorov-Smirnov test (p-value = 0.095) and the Shapiro-Wilk test (p-value = 0.122) both show 
p-values greater than the significance level α = 0.05. Since both p-values exceed 0.05, we fail to reject the null 
hypothesis, which states that the residuals follow a normal distribution. Therefore, the residuals can be considered 
normally distributed, satisfying the assumption of normality. 
 
Multiple Linear Regression Results 

 
Table 6. Multiple Linear Regression Results 
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Employing SPSS software to examine the correlations between dependent and independent variables via multiple 
linear regression (MLR), the p-value of each independent variable must be below 0.05 to qualify as significant. The 
results reveal that age (p-value = 0.474), height (p-value = 0.163), smoking habits (p-value = 0.752), posture (p-value 
= 0.757), frequency of riding (p-value = 0.233), and participation in physical exercise (p-value = 0.975) do not have 
a significant impact on work-related pain levels associated with motorcycle ride-hailing experiences.In contrast, the 
remaining four variables—the weight of the rider, drinking habits, motorcycle vibration, and duration of riding—
exhibit p-values that are less than 0.05. This statistical significance suggests that these variables have a considerable 
impact on the pain levels associated with musculoskeletal disorders (MSD) experienced by riders. 
 
5.2 Graphical Results 
In addition to the numerical results presented in Chapter 5.1, the following graphical results further explain and prove 
the compliance of the collected data with the assumptions of MLR: 
 
Assumption of Linearity 

 
 

Figure 2. Scatterplot 
 
Included in the assumptions of MLR is that a linear relationship exists between the dependent and the independent 
variables. This linearity can be visually assessed using scatterplots, which should display a well-spread pattern rather 
than a curvilinear one. 
 
Assumption of Normally Distributed Errors 

 
Figure 3. Histogram of Residuals 
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Another method of assessing the normality of the residuals of the data is through histograms. If the histogram shows 
a bell-shaped curve, it denotes that the errors in the data are normally distributed. 
 
5.3 Proposed Improvements 
Based on the statistical analysis of identified risk factors, it is recommended to regulate rider weight, alcohol 
consumption, motorcycle vibrations, and ride duration to minimize the risk of work-related musculoskeletal disorders 
(MSDs) among moto-taxi riders. Maintaining a healthy weight is essential, as increased body weight has been shown 
to increase pressure on joints and muscles, leading to higher pain levels and a greater likelihood of developing MSDs 
(Arunachalam et al., 2021). Reducing alcohol consumption is crucial, as alcohol not only exacerbates muscle pain but 
also impairs recovery, prolonging muscle strain and discomfort. 
 
Furthermore, regular motorcycle maintenance—such as oil changes, valve adjustments, and chain lubrication—helps 
to minimize excessive vibrations, which are a known contributor to musculoskeletal damage. By addressing 
motorcycle vibrations, riders can experience reduced physical strain, which lowers the risk of developing MSDs over 
time (MotoDeal, 2021). 
 
In addition to these technical measures, ride-hailing companies should implement proactive health support initiatives 
to directly target the prevention of MSDs. These could include biannual medical check-ups, proper posture and muscle 
care education, and incentive-based programs encouraging riders to participate in health-focused activities. Such 
programs would not only reduce the impact of physical stress but also promote long-term well-being by addressing 
risk factors before they escalate into serious issues. 
 
Establishing regulations on motorcycle lifespan is also necessary, as older motorcycles may develop mechanical issues 
that contribute to vibrations and instability, further increasing the risk of musculoskeletal strain (Grey, 2022). A 
structured reward and penalty system for proper motorcycle maintenance, coupled with passenger feedback to ensure 
compliance, could incentivize riders to maintain their motorcycles in optimal condition, thus reducing the risk of 
vibration-related MSDs. 
 
To further alleviate physical strain, it is recommended that moto-taxi riders limit their daily working hours to 7-9 
hours and take 10-15 minute breaks every 90 minutes to support muscle recovery and prevent fatigue-related injuries 
(VikingBags, 2022). Enforcing strict policies on safe working hours and integrating in-app reminders for breaks can 
significantly reduce overexertion and promote musculoskeletal recovery. Additionally, encouraging riders to take 
breaks through incentives would provide an effective way to mitigate the cumulative effects of prolonged riding. 
 
By implementing these recommendations, ride-hailing companies can help create a healthier working environment 
that directly correlates with a reduction in musculoskeletal disorders, leading to a more sustainable workforce and a 
reduction in long-term health costs. 
 
6. Conclusion 
The study aimed to identify key risk factors influencing the pain levels of Musculoskeletal Disorders (MSDs) among 
ride-hailing motorcyclists and develop recommendations to mitigate these risks. Through multiple linear regression 
analysis, it was determined that weight, alcohol consumption, motorcycle vibration, and ride duration 
significantly impact the pain levels experienced by riders, directly influencing the occurrence of work-related 
musculoskeletal disorders (WMSDs). 
 
The study emphasizes the importance of assessing pain levels as a measure for identifying and addressing WMSDs in 
the workforce. By understanding these pain factors, solutions can be developed to improve working conditions and 
enhance health and safety for ride-hailing motorcyclists. The findings benefit both the ride-hailing industry and 
individual riders by promoting a healthier workforce, increasing ride availability, improving customer satisfaction, 
and fostering greater profitability. Addressing the identified risk factors ensures the prioritization of rider health, 
safety, and well-being, ultimately leading to solutions that reduce WMSDs and improve the overall safety and 
sustainability of the ride-hailing sector. 
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