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ABSTRACT

An important element of active road safety is the correct working posture of the driver behind
the wheel, which ensures a reduction in the number of driving errors, delays the onset of fatigue,
and prevents driver injury in emergency situations.

The purpose of the study is the biomechanical justification of the individual safe working posture
of the driver. To achieve the goal, video recording of the working posture behind the wheel of
the world’s best rally drivers was used; electromyography on a simulator of the main muscles
involved in steering the wheel; a pedagogical experiment involving qualified drivers who repeat-
edly passed the slalom course in different working postures behind the wheel of a production car;
methods of mathematical statistics.

It was found that the winners of the World Rally Championship sit behind the wheel with
the seatback tilted back minimally and with their arms bent at right angles at the elbows, holding
the steering wheel. The results of a pedagogical experiment with drivers who repeatedly drove
a slalom course in a production car in different working positions, as well as electromyography of
the muscles involved in turning the steering wheel, confirmed that the described position behind
the wheel of the world championship leaders provides the highest steering accuracy and speed,
the ability to apply the greatest force to hold and turn the steering wheel in emergency situations,
as well as reducing fatigue during a long trip.

Therefore, to reduce the number of road accidents, drivers can be recommended the working
posture described above.

It is expected that the implementation of the developed practical recommendations will allow to
increase the level of active road safety.
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Introduction

The requirement to ensure human health and safety at all levels of its activity
requires a detailed study of the phenomena that occur during movement and accidents
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of the “driver-vehicle-road-environment” (DVRE) systems (Rybak et al., 2018). As experts
claim Rybak, 2013, the importance of the subjective factor - the driver - in this system
undoubtedly outweighs the importance of objective factors. Therefore, improving his
workplace is an important scientific and practical task.

According to UNESCO, among the causes of human mortality in peacetime, road
accidents (RA) rank third in the world after malignant tumors and cardiovascular dis-
eases. Road traffic accidents continue to remain one of the leading causes of mortality
and a direct economic burden worldwide (World Health Organization [WHO] (2023).
The WHO Global Report on Road Safety 2023 details the scale of road traffic deaths and
progress in improving laws, policies and actions to reduce them worldwide. It reviews
progress made between 2010 and 2021 and sets a baseline for the United Nations road
safety targets and actions for 2021-2030, which aim to halve road traffic deaths and
injuries by 2030. While road traffic deaths fell to 1.19 million per year between 2010 and
2021, and efforts to improve road safety are paying off, the cost of mobility remains too
high, and urgent action is needed to halve road traffic deaths and injuries by 2030. Unless
urgent action is taken, WHO estimates that road traffic accidents will become the seventh
leading cause of civilian death by 2030. Today, 90 percent of road traffic accidents occur
in low- and middle-income countries, which have not yet benefited from the stricter
vehicle standards and effective road safety laws established in high-income countries.

A number of modern scientific studies are devoted to the analysis of the causes of
road accidents Bucsuhazy et al., 2020; Inah et al., 2025; Hill & Boyle, 2006; Shakil et al.,
2023. One of them is the incorrect working posture of drivers behind the wheel. Modern
methods are used to study it Bingley et al., 2005; Carlsson et al., 2016; Chen et al., 2016;
Reed et al., 2000; Zhao et al., 2018; widely using posture modeling Fehren et al., 2003;
HaultDubrulle et al., 2011; Osth et al., 2014. The working posture behind the wheel is
associated with driver fatigue, which is often the cause of accidents Grujicic et al., 2010;
Michida et al., 2001; Park et al., 2002.

Much attention of researchers is directed to studying changes in the working posture
of drivers immediately before an accident Ejima et al., 2008; Gao et al., 2016; Hetier et al.,
2005; Khattak et al., 2024, as well as the relationship between the posture of drivers and
passengers in vehicles and the severity of injuries they receive as a result of a road accident
(Doecke et al., 2020; HaultDubrulle et al., 2011; Hou et al., 2020; Katsuhara et al., 2017;
Leledakis et al., 2021; Schaefer et al., 2021.

The results obtained by the above-mentioned scientists clearly confirm the feasi-
bility of reducing the impact on road accidents of the weakest link in the human-ma-
chine-road-environment system, which is the driver (Rybak et al., 2019), by improving
his working posture while driving.

In recent years, a number of publications have been published on recommendations
for correct posture while driving (PhysioMed (n.d.). Correct sitting posture; Uti res (n.d.).
Driving posture tips and stretches for a long trip; Evercare Protection. (n.d.). 6 maneras
de asegurar una postura correcta al volante; Frotcom. (2021, November). 7 sencillos con-
sejos para una buena postura al volante; Lipe, 2023). However, these recommendations
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are usually subjective and fragmentary in nature, as they are not supported by scien-
tific research results and are based on traditional approaches and personal experience;
the authors of these recommendations are not indicated, etc. Therefore, the problem of
improving the ergonomic working posture of the driver behind the wheel, which would
ensure precise control of the vehicle for a long time without fatigue, the successful imple-
mentation of all anti-accident actions to prevent accidents or reduce their severity (active
safety elements), as well as reducing injuries in the event that an accident is inevitable
(passive safety). Such a posture should also allow the driver to act with the necessary
effort on the steering wheel and brake pedal in the event of an unexpected failure of
the power steering and brakes (for example, when the corresponding drive belt is dam-
aged, a hose bursts, the engine of a car with automatic transmission stalls, etc.) - in
situations that almost 100% cause serious accidents.

The study of such an important element of vehicle control as steering is devoted to
the work of the authors Atkinson et al., 2002; Previati et al., 2024; Walton & Thomas,
2005, who found that drivers often provide torque with one hand, and do not create it
with both hands, applying force to the steering wheel in opposite directions. It was also
found that gripping the steering wheel with the hands by its lower part creates a signifi-
cant risk of injury to the upper limb during airbag deployment. However, participation
in steering wheel rotation of various functional muscle groups of the driver, the magni-
tude of torques created on the steering wheel and the accuracy of steering wheel turns
in different working postures have not been studied enough and require further study.

The aim of the scientists Siqueira Labrego ey al. (2025) was to determine the optimal
posture of a person while sitting and standing based on a questionnaire of 544 Greek
physiotherapists, who chose the optimal sitting posture from seven options proposed by
the researchers, and from five options for standing, justifying their choice. The topic of
the study itself was considered important or very important by 93.9% of the respond-
ents. Of these, 97.5% chose three different sitting postures as optimal. Despite the lack
of complete consensus, the most frequently chosen postures were certain variations of
vertical lordotic sitting, in contrast to stooped spine curves or forward head postures,
which were almost never chosen as optimal. The survey participants used similar argu-
ments to justify their choice - natural spinal curves, muscle activation. It turned out that
the optimal position for the curvature of the thoracolumbar and lumbar spine, as well as
the level of comfort, is the best one with the backrest tilted at an angle between 0° and
15°. The results obtained by the authors Korakakis et al. (2019) confirm previous data
regarding the optimality of vertical lordotic sitting postures and can be recommended
when modeling the working posture behind the wheel.

All the studies described above (except Katsuhara et al., 2017) concern the working
posture behind the wheel and its influence on the accident rate on the roads of civilian
and professional drivers of different categories who drive different vehicles in different
conditions. The working posture behind the wheel of the best drivers in the world, such
as rally racers — participants in world championships — has not been studied enough,
although the parameters of their working posture behind the wheel of sports cars, which
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ensures accurate, efficient, long-term and error-free driving, and also allows you to avoid
(or significantly reduce the severity of) injuries in emergency situations, can be success-
fully used to develop practical recommendations for civilian drivers, including drivers
of special, rescue, operational and military vehicles.

Incorrect driver posture behind the wheel leads to rapid fatigue and decreased
concentration caused by the need to constantly hold your own body. Compliance of
the parameters of the driver’s working posture with his anthropometric characteristics
ensures alignment and support of the head, neck, arms, back, buttocks and legs, helps
reduce static and dynamic mechanical loads and overloads and fatigue, and also sig-
nificantly reduces the risk of injury in emergency, extreme and emergency situations.
Ergonomic “seating” allows the driver to receive more complete and detailed informa-
tion about the movement of the car, determines the accuracy of work with the controls,
increasing active road safety (Rybak et al., 2018; Rybak, 2013).

Therefore, the purpose of the study was chosen to substantiate and improve recom-
mendations for individualizing a safe working posture behind the wheel.

Methodology

To achieve the goal of our research, a number of experimental methods were used.
The study of the driver’s muscle biocurrents during steering wheel rotation was carried
out using the multi-channel functional complex “Neuro-MVP8” in laboratory conditions
on a passenger car simulator designed by us Rybak O. & Rybak L (2012) with the involve-
ment of the master of sports in automobile sports Yu.R. (age — 35 years, experience in
car racing - over 20 years), who gave written consent to voluntary participation in
the experiment, in which the research protocol was described in detail. After a 15-minute
warm-up on the simulator (simulating the passage of high-speed sections of the Rally
of Finland - gravel roads with many turns and elevation changes) for 30 minutes using
skin electrodes — during the simulation of the passage of the following routes of high-
speed sections on the simulator - the electrical activity of the muscles of those functional
muscle groups that can participate in steering was recorded.

The biocurrents of the studied muscles were recorded by applying the surface elec-
trodes “Skintakt” an interelectrode distance of 2 cm to the zones of their motor points
with. The electrodes were placed along the fibers or in the center of the the greatest
contouring of the muscle. Recording and processing of signals was carried out using
a personal computer.

In order to experimentally verify the feasibility of the recommendations we developed
regarding the individualization of the working posture behind the wheel to improve
the steering process, the exercise of passing the element of the automobile slalom “snake
with a variable step between chips” on a production car was chosen, the result of which
directly depends on the efficiency of steering. Ten driving instructors from the Lviv driv-
ing school - the center for improving driving skills (persons aged 28-34 years, with
driving experience of over 10 years and experience as a driving instructor of over 5 years)
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were involved in the pedagogical experiment. All persons involved in the pedagogical
experiment gave written consent to voluntary participation in it, in which the research
protocol was described in detail.

The protocols of both experimental studies were approved by the ethics committee
of the Ivan Boberskij Lviv State University of Physical Culture. They were conducted in
accordance with the moral and ethical requirements and measures according to the Dec-
laration of Helsinki on human research and the ethical standards proposed by experts
(Harriss & Atkinson, 2009).

Instructors involved in the pedagogical experiment took turns driving the same pro-
duction car “Skoda Fabia ITI” with an engine capacity of 1400 cm3 and passed the “snake
with variable pitch” track shown in Fig. 1 - an element of automobile slalom. To exclude
the influence on the result of the drivers’ reaction, the start was given from the place after
the starter’s signal and turning on the stopwatch from the photoelectric pair located at
a distance of 0.2 m from the starting line, when its beam crossed the front bumper of
the car. The finish was performed “in motion”, the arrival time was recorded by the stop-
watch with an accuracy of 0.01 s at the moment of operation of the same photoelec-
tric pair. Time of day - from 13:00 to 14:45, the track was dry and clean, air tempera-
ture + 23°C, cloudy and no direct sunlight. The first race of the experiment participants
took place in the “average” (a) landing, the second - in the “close” (b), and the third - in
the “far” landing (c) — as in Fig. 2. After the described part of the experiment, each driver
established an individual working posture according to our recommendations, and then
ran the slalom course for the fourth time.

10m 7m 6m 5m 6m 7m

Figure1 Slalom course used for the experiment
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Figure 2 "Average” (a), “close” (b) and “far” (c) landing in a car

Results

The results of timing all races that were part of the pedagogical experiment with
the participation of ten driver-instructors, who took turns passing the route of the “snake
with variable step” automobile slalom exercise in a production car in four different work-
ing positions, are summarized in Table 1.

The conducted electromyographic study made it possible to establish which func-
tional muscle groups (hereinafter referred to as FMG) of the driver are involved in
turning the steering wheel to the right and left. During its turn to the right (clockwise
from the driver’s side), electrical activity was detected in the flexors and abductors of
the right shoulder, pronators and extensors of the right forearm (the flexors of the fingers
of the right hand and the muscles of the shoulder girdle perform the holding work), as
well as the extensors and adductors of the left shoulder and supinators and flexors of
the left forearm. When turning the steering wheel to the left (counterclockwise), the same
FMGs are active, but in the left and right hands, respectively.

Tablel  Total duration of the route of the “snake with variable step” exercise from
the automobile slalom program in “medium®, “close”, “far” and individual optimal
landings by the drivers involved in the experiment (M + s)

Drivers’ landing . Individual
«medium» «close» «far» .
type optimum.

Average duration 2315+3.33 24.13+256 24.30+293 21.20+3.66 9.082* 0.000
of the route, s

*p < 0.001

F 4
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Discussion

The previously mentioned recommendations for correct working posture while driv-
ing suggest a significant (up to 40°) tilt of the seat back, which contradicts the results of
the study Korakakis et al. (2019 and Siqueira Labrego et al. (2025), holding the steering
wheel almost straightened in the elbow joints (angle 130-150°) with arms extended for-
ward and acting on the pedals with legs bent in the knee joints to an angle of 120-150°
(Fig. 3).

In contrast, the results of our study of the working posture behind the wheel of
the best drivers of the planet — winners of the World Rally Championship Kuvaldina et al.
(2014) and Vynogradskyi et al. (2014), revealed that the parameters of their “landing”
differ significantly from those shown in Fig. 3. At the same time, individual differences
in the parameters determined by the mentioned scientists turned out to be statistically
insignificant. In addition, all of them are calculated in angular units and do not depend
on the total sizes or proportions of the body parts of specific drivers. Thus, athletes
sit almost vertically — the inclination of the seat back is less than 5°, arms are bent at
the elbow joints within a right angle, shoulders are lowered much lower, and the minimal
horizontal inclination of the lower part of the seat allows you to act on the pedals with
more straightened legs (Fig. 4).

The differences found between the parameters of the drivers’ working posture rec-
ommended in the literature and the parameters of the driving posture of the world’s
strongest rally athletes require biomechanical analysis and comparison in order to assess
their ergonomic efficiency.

130-150°

120-150°

Figure 3 Averaged parameters of the working posture behind the wheel, recommended in
the special literature
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Figure 4 “Landing” parameters of the world's leading rally athletes

The posture recommended in the special literature (Fig. 3) is primarily character-
ized by pronounced thoracic kyphosis and lumbar lordosis, caused by a significant tilt
of the seat back backward and the driver’s attempt to reach the steering wheel, located
far in front, with straightened arms. Due to the small lever of action of traction forces
the functional muscle groups (FMG) of the shoulder flexors and forearm, caused by large
angles in the shoulder and elbow joints, they cannot provide the proper effort to hold
and rotate the steering wheel in emergency situations (hitting an obstacle, entering a rut,
failure of the power steering, etc.). The driver is forced to keep his arms stretched forward
in a horizontal position, which leads to increased tone of the corresponding FMG and
rapid fatigue. To facilitate keeping his hands in this position, he begins to lean his hands
on the steering wheel, which leads to increased load and fatigue of the FMG of the finger
flexors, increased reaction time and reduced steering accuracy. Such a working posture
causes increased tone of the FMG of the spine extensors, as well as hip flexors, calf exten-
sors and foot flexors. Drivers, trying to ensure a comfortable body position in the cabin
of civilian cars, first move the seat back to ensure that the legs are straightened for ease
of operation with the pedals. Then they comfortably tilt the backrest back, but not being
able to reach the steering wheel located close to the instrument panel, are forced to turn
the seat forward, which leads to excessive bending of the legs and forces the muscles of
the lower legs and thighs to be involved in working with the pedals, reducing the accu-
racy of regular working efforts and the magnitude of the maximum effort on the brake
pedal in emergency situations (especially in the event of a brake booster failure). This
causes accelerated fatigue of the corresponding FMG and a decrease in the accuracy of
working with the pedals, which negatively affects active road safety.

The working posture behind the wheel of the world’s leading athletes with an almost
vertical inclination of the seat back, almost straightened legs and bent arms at the elbow
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joints, holding the steering wheel located high and close to the shoulder joints, the axis of
which is tilted up to 15° from the vertical downwards (Fig. 4) is characterized by reduced
thoracic kyphosis and lumbar lordosis, as well as increased tone of the FMG of the cervi-
cal spine extensors, shoulder flexors and forearms. Their mutual arrangement provides
a greater magnitude of the shoulder of application of the traction forces of these FMG,
necessary for ensuring effective steering, working and emergency steering, and also sig-
nificantly facilitates holding the hands in front of the body. This reduces the magnitude
of the traction forces of the specified FMG, increases steering accuracy and reduces
fatigue and the number of errors in driving a vehicle. This posture allows you to increase
the tone and reduce the load on the FMG of the spine extensors, as well as the hip flexors,
shin extensors and foot flexors of the more straightened leg, thanks to which the driver
is able to press the corresponding pedals more accurately, and if necessary, much
harder.

The results of electromyography of the driver’s FMGs during turning the steering
wheel in both directions in different working positions made it possible to substantiate its
optimal location in terms of height, length and inclination of the steering wheel axis rel-
ative to the centers of the driver’s shoulder joints, which allows applying precise and fast
efforts to it both during the main and compensatory steering or understeering (Rybak,
2013), as well as maximum efforts during course maintenance of the car’s movement
when the front wheel hits the rut, the tire is damaged or the power steering fails.

The obtained data allow us to conclude that the “front” and “rear” landings do not
allow the driver to maximize his potential in terms of steering, since the position of
the steering wheel relative to the main anatomical points of their body does not allow
the muscles of the corresponding FMG to provide the appropriate speed, strength and
accuracy of contraction in these positions, including creating obstacles to intermuscular
coordination. In contrast, the “average” landing, which is usually used in everyday prac-
tical driving by the drivers involved in the pedagogical experiment, and even more so
its modification using the practical recommendations developed by us, made it possible
to achieve a statistically significant difference in the time of performing the specified
exercise, which requires perfect steering.

This position on a production car can only be achieved using certified spacers of
different lengths between the steering wheel and the steering column. First of all, the seat
base is installed more horizontally, then its distance to the pedals is adjusted according
to the length of the legs. The seat back is set at an angle of up to 5° relative to the verti-
cal, and then the steering wheel tilt and the height of the spacer between the standard
steering wheel center mount and its new location are selected based on the length of
the arms. The only parameter that cannot be set on a production car is a more horizontal
steering wheel axis, the tilt of which is provided only by the design of modern sports
cars.
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Conclusions

Generally accepted traditional recommendations regarding the correct working
posture behind the wheel of a car are biomechanically and ergonomically insufficiently
substantiated. At the same time, the parameters of the “seating” of the world’s leading
rally athletes, analyzed by us from the standpoint of ergonomic biomechanics, really
make it possible to reduce the load on the main FMG of drivers while driving vehicles,
increase the accuracy of steering actions, reduce the number of errors and postpone
the onset of fatigue in time, which causes their rapid growth and the potential occurrence
of emergency situations, thereby increasing the level of active road safety. In addition,
the parameters of the working posture behind the wheel that we recommend make it
possible to avoid or significantly reduce the severity of driver injuries in emergency situ-
ations. Therefore, they can be recommended not only for athletes and drivers of special
vehicles, but also for professional drivers and amateur motorists.
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