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Abstract 

This study investigates the impact of prolonged driving posture for occupational drives on the upper back muscles. 
There have been limited papers in the literature that studies the upper body muscles hence this study focuses 
specifically on neck and shoulder muscles. A human simulation software called Jack software was used to measure 
the impact of the driving posture on these muscles. Three different trunk conditions relative to the angles were adopted 
as follows: extension, neutral and flexion. The trail incorporated four different postures to mimic the real driving 
experience including the neck muscle at the neutral position, neck lateral rotation to the left and neck extension. The 
results of this study reveal that the lowest discomfort levels of both neck and shoulders were measured at the trunk 
flexion position, thus it suggested that a proper headrest that would support the neck at 15 degrees’ extension would 
help to reduce the strain on the joint. 
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1. Introduction
According to the World Health Organization (WHO), musculoskeletal health is the performance of the locomotor 
system made up of muscles, bones, joints and adjacent connective tissues. There are numerous impairments that impact 
the musculoskeletal system and they are commonly characterized by pain, limited mobility and dexterity, which has 
a negative impact on society as it reduces human’s ability to work and exercise. Apart from the fact that approximately 
1.7 billion people live with various musculoskeletal conditions such as lower back pain, neck pain, fractures, 
rheumatoid arthritis, and etc., people with musculoskeletal conditions are at a higher risk to develop mental health 
issues (WHO 2022). In addition to the conditions mentioned previously, there is a subcategory that is covering work-
related musculoskeletal disorders (WRMSDs). These can affect muscles, joints and tendons and in general, develop 
over time; these disorders can be either episodic or chronic, and also can result from an injury acquired in a work-
related accident. Among the jobs that have the highest rates of WRMSDs are agriculture and forestry, construction, 
transport and storage (Goggins et al. 2022). Among the various musculoskeletal disorders and impairments, Lower 
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back pain (LBP) is a well-known common musculoskeletal disorder which is a serious occupational disease that has 
an 80 percent lifetime prevalence. Prevalence of LBP varies across populations, age groups and geographic areas, 
where 37% of low back pain globally attributes to occupational risk factors and increases in the lower overall health 
status regions (Yosef et al. 2019). Another common musculoskeletal is neck and shoulder pain, and during a study 
made in Tunisia, it was found that neck and shoulder pain affects adolescents (15-19 years old) where the occurrence 
of such musculoskeletal health issues reaches 43% (Ben Ayed et al.  2019). Another study in Japan was conducted to 
determine neck-shoulder stiffness/low back pain (NSS/LBP) comorbidity rate, as well as to compare the quality of 
life in individuals with comorbid NSS/LBP, and those with symptoms of NSS or LBP alone. As it was seen from the 
study done among 1122 subjects, NSS had a morbidity rate of 45.6%, while LBP had a slightly higher rate of 51.9% 
(Kumagai et al.  2021). 

Another study was conducted among professional bus drivers to observe the risk of developing musculoskeletal pain 
and disability due to their working conditions. The study was conducted among 83 drivers, and it was found that the 
neck and the back were mostly affected with rates of 81.9% and 80.7% respectively. In general, occupational truck 
drivers have the highest work-related musculoskeletal disorders since drivers are vulnerable to various occupational 
trauma through challenging physical working conditions such as prolonged seating, noise, temperature fluctuations, 
awkward sitting positions and whole body vibrations (Kasemsan et al. 2021). Although the most common occupational 
hazards are considered to be prolonged sitting and awkward positions, a study was done on the impact of vertical seat-
to-head vibration transmissibility and its impact, which showed that there is an increased discomfort when combining 
rotation and whole-body vibration exposure (WBV). The study was done over a small participants group and over 4 
short 1-hour test sessions and yet the results showed that even such short periods of WBV cause higher levels of 
discomfort. Furthermore, without whole body vibrations, participants of the study had even higher levels of discomfort 
due to sitting at rotated postures as that caused increased muscle and joint fatigue and in turn may lead to occupational 
trauma if taken in a scenario of work setting (Goggins et al. 2022).  

The objective of this study is to increase safety measurements of occupational vehicle drivers by minimizing 
complications of prolonged poor posture. Also, to provide a risk assessment technique to explore the different factors 
such as joint angle, joint force and joint moment/torque that causes adversities to the human body by different 
prolonged sitting postures. And, by the end of this study, we will investigate the standardized posture that is 
recommended by international standards to provide an ergonomic measure recommended to reduce the risk of 
prolonged sitting adversities.  

2. Literature Review
A study has been conducted to investigate and compare risk factors for musculoskeletal disorders among truck drivers 
in Canada. The results of the study showed that when comparing truck drivers to the general reference population of 
male workers, they have a higher occurrence of various musculoskeletal pains in the neck, back, and upper and lower 
limbs (Cardoso et al.2018). An evaluation has been done to determine fatigue, stress and vigilance levels among truck 
drivers with and without an ergonomic seat. The experiment was set up with a driving simulator that would replicate 
a 10-minute drive before and after a 90-minute highway driving task. After data collection, it was concluded that 
standard seat results in more pronounced muscular fatigue, and moreover, using an ergonomic seat elevates both 
physical and mental fatigue which in the long run decreases the possibility of accidents and occupational trauma such 
as LBP and NSS (Cardoso et al. 2019). Another investigation was done using an ergonomically-designed truck seat 
prototype, where the participants were performing two 2-hour driving simulations, while subjective discomfort was 
monitored in 15-minute increments along with an assessment of posture. As a result of the study, participants showed 
greater discomfort in the right side of the lower body as well as the neck while driving in the standard truck seat. 
Overall, findings show that regular truck seats may lead to the development of poor posture and discomfort, which in 
the long run can lead to injuries in the lower back and neck, meanwhile the ergonomic seat helps to improve posture 
and elevates discomfort (Cardoso et al. 2018). Yet, there are some limitations of the current papers in the literature 
that the identification of the road condition is not specified in most of the papers which can have a great impact on the 
postures obtained as unstable surfaces or road conditions contributes significantly to an increase in the muscle Tension 
in the upper extremities. Furthermore, limited studies have been performed targeting female participants, as only 5 
papers that were found targeted the female population and the findings reveal that they have a higher risk of 
musculoskeletal disorders compared to men.  
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3. Objectives
Several Studies have shown the impact of long distance driving on the lower back part, with limited studies on the 
upper back part. So, this study would focus on the effect of prolonged sitting posture for industrial drivers on the neck 
and shoulder muscles, as this area will be fully active during the driving period as a result of the “9 and 3” hands 
technique. This study aims to increase the safety of industrial vehicle drivers by minimizing complications of 
prolonged poor posture by providing risk assessment technique to explore the different factors (Joint angle/force/etc) 
that cause adversities to the human body by different prolonged sitting postures, investigating the standardized posture 
that are recommended by the international standards and providing ergonomic measures that can reduce the risk of 
prolonged sitting adversities.    

4. Methods
The proposed methodology approach used to test ergonomics during driving is through using human simulations in a 
virtual environment that mimics the actual act. The benefits of using this approach enable you to get a precise angle 
measurement of the desired motion and analysis tool that is able to acquire quantitative data. There are growing appeals 
toward the use of human simulations in the field. A group of researchers from Canada has performed a study to 
compare a driving simulator and real-road driving (Risto & Martens, 2014) The results of their study reveal that there’s 
no significant difference made between the real data and the data obtained from the simulator. This finding strongly 
supports the use of a simulator as a cost-effective and controllable approach to conducting studies. 

4.1 Jack Software 
In this study, Jack software from Siemens Tecnomatix simulation was used.  Jack software offers a variety of distinct 
tools for ergonomic analysis that are human-focus. It provides a different anthropometric database to customize the 
population to match the research aims. As reported in many studies that have used Jack software to perform ergonomic 
analysis, the results of both of these studies show promising results based on the ergonomic analysis performed by 
Jack simulation. As described, Siemens has developed Jack as part of the Tecnomatix Package which is designed for 
the purpose of establishing an understanding of the impact of human work tasks relevant to their environments. The 
following describes the feature Jack software provides: 

Enables users to design the virtual environment as per their preferences, library packages that are pre-installed with 
the software can be also used for designing the virtual environment  
Human posturing techniques that are user-friendly. Angles can be adjusted as per the research goal. 
Task simulation Builder is one of the tools Jack has been used in this study where it enables you to instruct the 
human subject in your virtual environment to follow a certain task as per the trial of the study. This tool provides 
Human postures and motion that can generate an ergonomic report bases on the sequence. 

- 

Figure 1. The three different trunk angle conditions adopted for the experimental design, 51°, 61° and 71° respectively). 
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5. Data Collection
The virtual environment included the human model in 3D in a driving posture with hands gripping the wheel as Figure 
1 below shows. The duration of the simulation was 30 min (1800 seconds) in total. To understand the impact of the 
trunk angle on the neck and shoulder joint in the driving posture, the design was extended by adding three trials, one 
for each angle of the trunk. The first condition is the neutral condition where the trunk is at 61 degrees, the second 
condition is the trunk extension where the angle is at 51 degrees and the third condition is where the trunk angle is at 
71 degrees. Figure 1 below summarizes the three conditions where each of these conditions was tested for 30 min to 
evaluate its effect on the neck and shoulder joints.  
The trail then incorporated four different postures in the driver position to mimic the real driving experience. The 
Human subject modeled in this simulation held one of the four postures with varying angles of the trunk position 
and neck posture and they are described as follows: 

1) Posture 1: Driving posture while looking forward neck at a neutral position.
2) Posture 2: Driving posture while turning left to check the side mirror with neck positioned to left lateral with

a rotation at 45 degrees.
3) Posture 3: Driving posture while turning neck upward to check the rearview mirror with neck extension at

15 angle degrees.
4) Posture 4: Driving posture while looking forward neck at a neutral position.

The trial lasted for 30 mins and the order of postures starts from posture 1 to 4 in consecutive order for each 
condition of the trunk conditions mentioned above. Figure 2 below shows the order of the postures alongside the 
duration of the trial. The design of the seat in the simulation had the back where the human subject was resting on 
the chair back support in all the postures. Both of the Human models were kept on the steering wheel with the hand 
grip option in the task simulation builder and there was no arm set, as it was reported in most of the studies that most 
heavy vehicle equipment is missing these arm sets (Nazerian  2020). 

The anthropometries for the virtual human model used in the simulation are based on the 95th percentile from the 
ANSUR database from the male population. Jack software has various options for the anthropometric database with 
different population measures to choose from. Figure 3 below shows the Anthropometric measure chosen for this 
simulation.  

Figure 2. The overall order of the postures alongside with the duration of the simulation. 
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6. Results and Discussion
For the sake of demonstration, the anthropometric scale was fixed on the 95th percentile and both hands were in the 
grasping posture pointed on the wheels.  

6.1 Numerical Results 
After conducting the simulation using JACK software, three different trunk postures, natural, flexion and extension, 
concluded with different results of the effect on the shoulder joint. As shown in figure 4, the only parameter changed 
during the experiment was the flection degree of the trunk in the driver’s body, while the driver was in the driving 
posture. The numerical data was taken from the software in excel sheet format, which was then sorted and simplified 
to reflect the required parameters. Then, the resulting data was converted into an x-y graph. The data shown in the 
graphs was demonstrated by the average value of four different locations of the shoulder joints, which are the Shoulder 
Abdominal Right, Shoulder Abdominal Left, Shoulder for Back Right and Shoulder for Back Left for each posture 
with respect to time agent. Note that the shoulder abdominal had significantly higher torques than the back of the 
shoulder, due to the tension caused by the 9 and 3” hands technique.  

First, in a neutral posture where the Trunk flexion degree was fixed at 61.20°, Figure 5 shows a constant joint torque 
during each pose, which is the driving pose, looking left pose, looking up pose and looking right pose. The driving 
pose had the lowest joint torque, which is 4.26325 Nm. Followed by a rise in the shoulder joint torque as the driver 
moved his head to look at the blind spots on the left and right-hand sides of the vehicle, with a 4.263 Nm, which is a 
result of the tension generated by the axial rotation movement of the neck in both directions. This rotation induces 
torque increment due to the neck-shoulder elongated force required for the movement. And finally, the highest joint 
torque, 4.26275 Nm, was calculated at the third pose, looking up, where the neck had the highest flection degree 
compared to the other poses and impacted the shoulder joints accordingly.     

Figure 3. The Anthropometric measure chosen for this simulation. 
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Second, in the Extension Trunk Posture with a flection angle of 51.20°, a 7.6605 Nm torque was applied on shoulder 
joints during the driving pose and decreased rapidly, reaching a steady state situation for the other three poses with a 
6.60425 Nm on the shoulder joint. Third, the Flexion Trunk Posture with a flexion angle of 71.20°, where the shoulder 
joint torque was also at the maximum, 7.6605 Nm, during the first driving pose and decreasing until it reaches a steady 
state phase with a 7.43525 Nm for the three following poses, as shown in the figures 6 and 7, respectively.   

Figure 5. The graphic analysis for the Neutral posture for shoulder Joint torque with time. 

Figure 4. The Parameters used for this study with the flection degree of the trunk in the driver’s 
b d
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Comparing the three different postures together shows that the shoulder joint torque was at the highest during the 
extension posture. This is a result of the stress exerted on the neck and shoulder joints while driving, as the spinal 
discs will have an abnormal bend direction (forward bend) that will increase the forces applied on the joints and 
hence the torque will increase as well, as shown in figure 8.   

Figure 6. The graphic analysis for the Extension posture for shoulder Joint torque with time. 

Figure 7. The graphic analysis for the Flexion posture for shoulder Joint torque with time. 
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6.2 Graphical Results 
The comfort assessment tool in JACK software purposes to evaluate the comfort level at specific joints based on the 
driving posture. Human posture comfort is assessed during the four postures using the Krist scale.  Krist data source 
measures the comfort of the neck, shoulder, back, both legs, and both arms as well as the comfort and fatigue indices. 
The fatigue measures how fast fatigue will be felt and the comfort indices measure the general comfort of the body at 
that posture. The scale ranges from 0 to 80, the closer the number to 80 the highest the discomfort level is. For the 
purpose of this study, the neck and shoulder comfort level was recorded at four postures during driving with respect 
to the changes in the trunk angle. The tool provided 6 different databases for comfort analysis. Figure 9 below shows 
the comfort analysis obtained during the first posture where the trunk angle is neutral. 

Figure 9. Comfort analysis was obtained during the first posture where the trunk angle is at neutral. 

Figure 8. The graphic analysis for the three different postures for shoulder Joint torque with time. 
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The comfort analysis for the four positions during different trunk angles was carried out. Figure 10 below shows the 
comfort analysis for the neck and shoulder joints at different trunk angle conditions. It can be concluded from the 
comfort analysis that the shoulder joint has scored high discomfort levels in all of the postures and at different trunk 
angle conditions compared to the neck joint. The highest discomfort score for the shoulder joint have been recorded 
at the first driving posture when the trunk angle was at the neutral condition and during flexion. Both of these measures 
are recorded during posture one where the subject is driving with hand placement on the steering wheel. This finding 
is supported by this paper which suggests that higher angles of the trunk flexion cause higher shoulder joints hence 
higher discomfort level (kim et al.  2015) Contrary to the shoulder the neck joint had the highest discomfort level 
during trunk extension condition where the neck is a position to left lateral at a 45-degree angle and the lowest 
discomfort level during trunk extension was at the third posture where the neck extension at 15-degree angles to view 
the rearview mirror. This lower level of discomfort during the neck extension at 15 degrees can be explained by the 
findings of this paper which proved that the greater the neck extension angle is the less muscle activation in the middle 
trapezius hence less discomfort level (Cheon & Park  2017). 

Figure 10. The comfort analysis for the neck and shoulder joints at different trunk angle conditions. 

The initial hypothesis of this study is that during both the trunk flexion and extension, it was expected to have higher 
discomfort recorded compared to the neutral condition. However, this hypothesis has been rejected as the results of 
the simulation in figure 11 below where at the trunk flexion condition the lowest discomfort level has been recorded. 
This finding was unexpected and it can be explained as reported in several papers that flexion of the trunk angle 
typically increases the muscle strain and viscoelastic deformation of the tissue which in turn decreases the angle of 
stability and hence cause upper extremities discomfort however some researchers suggest that it could be the decrease 
in the passive stiffness that successfully compensate the reflect gain and hence less discomfort (Hendershot et al. 
2011). 
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Figure 11. The comfort assessment of different Trunk angles on the neck and shoulder joints. 

6.3 Proposed Improvements 
Based on the results obtained in this study, the lowest discomfort level of the neck was recorded during the trunk 
flexion condition and specifically during the third posture which is the extension of the neck at 15 degrees. This finding 
can suggest that having a headrest that can support the neck angle at this degree can help to reduce the strain on the 
joint and hence a more comfortable position. Most of the industries with fixed headrests, it’s suggested to include an 
adjustable headrest. According to the Federal Motor Vehicle Safety Standard 202, Head restraints are required to be 
positioned in all cars manufacture. The National Highway Traffic Safety Administration, has extended this standard 
to include trucks as well (US Department of transportation 2001). 

7. Conclusion
The study results showed that the lowest discomfort levels of the neck and shoulders are at the trunk flexion position, 
which is contrary to the expectation of having the lowest discomfort at the neutral position since this is the most 
common driving position. Among the results of the study, it is useful to note that the addition of a proper headrest that 
would support the neck at 15 degrees extension would help to reduce the strain on the joint. Future work recommended 
to validate the findings of this study is to measure the pressure during the different postures to assess to which extent 
it matches the comfort assessments and hence propose a better and improved seat design for industrial vehicles.  
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