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The object of the study: the process 
of determining and managing ergono
mic risks at workplaces when perform-
ing professional activities on the exam-
ple of truck drivers.

The problem lies in uncertainty when 
making decisions in occupational safety 
and health management systems. The 
hypothesis of the study was the possi-
bility of assessing ergonomic risks in 
the occupational safety management 
systems of organizations based on the 
identification of regularities between 
the load index, typical working pos-
tures when performing operations and 
the intensity of joint movements.

An ergonomic risk assessment algo-
rithm was developed, taking into ac- 
count the load index, which includes  
a sequence of eleven steps, which can be 
conditionally divided into three groups. 
The first is determination of the intensi-
ty of joint movement. The second is the 
determination of the impact of activity 
and the duration of the production task. 
The third is determining the impact of 
environmental factors. An assessment 
of the ergonomic risk of drivers was 
carried out for three types of produc-
tion work: driving a vehicle, replac-
ing a damaged wheel, and repairing  
a car. At the same time, the ergonomic  
risk assessment algorithm takes into 
account the worker’s individual state 
of health and environmental factors, 
as well as experience and work experi-
ence. It has been established that there 
is a high level of ergonomic risk during 
car maintenance due to the highest total 
load index, which is 30 % higher com-
pared to other types of work of vehi-
cle drivers.

The practical application consists in 
the development of a universal check 
list of drivers based on an algorithm to 
determine the ergonomic risk of workers 
at workplaces, which consists of 11 steps
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1. Introduction

Work-related musculoskeletal disorders (WMSDs) of 
workers rank first in the world among other diseases that are 
fixed at work [1]. First of all, it is related to uncomfortable 
working postures, long-term static operations, monotony 

of work and other dangerous factors of the production en-
vironment. Also, the level of individual physical health of  
a person [2], which determines the possibility of transferring 
physical overload, also affects. A significant number of occu-
pational diseases leads to an increase in financial losses for 
the employer [3]. This is due not only to compensation for  
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injured workers, but also due to a decrease in labor produc-
tivity, training of other workers to replace them, and possible 
fines [4]. The described situation requires employers to imple-
ment effective solutions in the occupational safety and health 
management systems for creating comfortable conditions 
for the performance of production tasks. Any management 
decision must have an appropriate justification to guarantee 
the achievement of the set results [5]. This basis is the process 
of risk assessment, which allows considering all possible sce-
narios of the development of events and choosing the safest 
one [6]. In the context of the development of occupational 
diseases, there is a need to determine ergonomic risks (ER). 
This makes it possible to identify the most complex, physical-
ly exhausting, as well as traumatic production operations and 
to justify preventive measures to reduce the ER level.

The ER assessment depends on the first and very impor
tant step – the identification of all dangerous factors that 
affect the physical and mental state of the worker. Such factors 
include the intensity of movements, the type of working pos-
ture, and the duration of the production task [7]. It is impor
tant not only to identify all dangerous factors and assess the 
ER level, but also to compare it with the individual level of 
health of the worker. This will allow, at least, determining the 
regime of work and rest, as well as to adjust the level of physi-
cal exertion [8]. In the future, the question will arise of replac-
ing the production technology or using automated production 
processes to avoid damage to the human motor apparatus. The 
development of effective methodical principles of ER manage-
ment in occupational safety and health management systems 
is urgent. They will allow, on the basis of regularities between 
the intensity of joint movements and physical overload, taking 
into account the level of health of the worker, to offer the 
best solution for reducing the ER level. Conducting scientific 
research on the identification of the mentioned regularities for 
the development of an effective process of managing ER is an 
urgent task that will improve control over working conditions. 
Its solution will preserve both the health of workers and the 
financial resources of business owners.

2. Literature review and problem statement

A significant number of different methods of determining 
the impact of a static working posture on the occurrence 
of occupational diseases or injuries in a worker have been 
investigated in scientific works [9, 10]. These approaches 
generate ER values based on typical work postures, against 
which comparisons allow the evaluator to establish appro-
priate scores. However, the total sum of these points does 
not allow determining the risk of an occupational disease or 
injury, as it evaluates only one of the ER components: the 
load index, which can be compared with the probability of  
a dangerous event. At the same time, the methods of «Rapid 
Entire Body Assessment» (REBA) or «Rapid Upper Limb 
Assessment» (RULA) lack the second necessary component 
for risk assessment – the severity of consequences, which is 
the main drawback of these approaches. In addition, they also 
do not take into account the individual level of health of the 
worker. The approach in the study [11] indicates the need to 
assess such an impact. The authors insist on the need to take 
into account the compliance of production conditions with 
the characteristics of workers (physiological, psychological 
and anthropometric) with an assessment of their health status 
when studying ER [12, 13], but a comprehensive approach 

that would take into account all these indicators and peculia
rities of technological processes, in the work not suggested. 
The need to take individual health into account when assess-
ing ER is indicated by a study [14], which clearly argues that 
the initial state of health significantly affects the risk of trau-
matic events during the performance of work duties.

As a rule, the risk of injury from an awkward posture 
is determined separately from the worker’s level of health, 
which is determined by physical exertion. Then the obtained 
point scores are combined based on the empirical depen-
dencies presented in [15]. Complex mathematical models 
are also often used, which describe the impact of dangerous 
ergonomic factors on human health through biomechanical 
analysis [16, 17]. Each of the reviewed studies pays attention 
to a separate group of factors that characterize the ergonomic 
risk of a worker, but today there is no general checklist for 
a full assessment of all indicators on a point scale that can 
influence the overall risk assessment. Thus, it is necessary 
to combine and generalize all the specified parameters to 
determine the complex ergonomic risk, determine the point 
equivalents of the impact of each of the factors on the overall 
ergonomic risk, and develop preventive measures to minimize 
the occurrence of traumatic events.

The development of the ER research methodology consists 
of three stages: determination of ergonomic factors (working 
conditions, equipment, task requirements, human physical 
condition, pace and rhythm of work), calculation of ER in 
points and assessment of the effectiveness of primary ac-
tions [18]. To determine the total number of points, a com-
parison of indicators characterizing the conditions of perfor-
mance of the production task with normative indicators taken 
from regulatory requirements is proposed. The main disad-
vantage of all mentioned approaches is the lack of experienced 
observers, as well as the fact that the obtained results can be 
subjective [19]. To avoid this, various sensor technologies are 
implemented, including a system of sensor controllers, which 
clearly allow determining individual risk [20]. However, the 
specified approach does not allow to extend the obtained 
dependencies to work performed in other conditions, as it 
requires an appropriate check for adequacy [21]. Most studies 
evaluated their methods on the basis of laboratory experi-
ments, which differed significantly from real production con-
ditions. Therefore, future research requires the development 
of appropriate software products that will allow obtaining 
high performance. In addition, known approaches do not take 
into account the presence of occlusion in captured videos or 
images, which may lead to inaccurate analysis of workers’ ER.

The analysis of the conducted studies [9–21] showed 
that in general there are two main approaches to the ER as-
sessment. The first is based on the defined physical activity of 
the worker, thanks to the use of different time scales. The sec-
ond is based on the predicted metabolic energy expenditure 
of a person (used in scientific research, requiring significant 
resources). The first are the most popular for ER quick as-
sessment in production [22]. They do not require laboratory 
equipment, complex models, or specially trained specialists. 
However, they have some drawbacks, which are related to 
the failure to take into account the worker’s health level, 
activity and duration of the production task. The reason for 
their occurrence is the need to take into account the change 
in the worker’s physical condition due to the accumulation of 
fatigue. This requires appropriate refinement of the specified 
methods in order to reduce uncertainty in decision-making in 
occupational safety and health management systems. 



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 2/3 ( 128 ) 2024

40

3. The aim and objectives of the study

The aim of the study is to develop an algorithm for as-
sessing the ER level based on the worker’s load index, using 
drivers as an example. This will make it possible to reduce the 
number of professional drivers’ WMSDs.

To achieve the aim, the following objectives were solved:
– to evaluate the driver’s load and determine the index 

when performing typical operations;
– to determine the sequence of assessment of ergonomic 

risks of drivers taking into account individual health indicators;
– to calculate the car drivers’ ER for three types of pro-

duction work: driving a vehicle, replacing a damaged wheel, 
repairing a car;

– to analyze the calculation indicators of drivers’ ER and 
its results.

4. Materials and methods of the study

The object of the study is the process of determining and 
managing ergonomic risks at workplaces when performing 
professional activities on the example of truck drivers.

The hypothesis of the study was the possibility of assess-
ing ergonomic risks in the occupational safety management 
systems of organizations based on the identification of regu-
larities between the load index, typical working postures when 
performing operations and the intensity of joint movements.

The ER assessment was carried out on the example of dri
vers who performed various production operations: driving a ve-
hicle, replacing a damaged wheel, repairing a car that is on a lift. 
6 participants aged 25 to 45 (men) who gave written consent to 
participate in the study took part in the study. The participants 
were introduced to the testing program and the parameters that 
will be determined during the experiment. All participants were 
informed about the conducted experiment, about the data that 
will be used to check the effectiveness of the developed method 
of assessing ER. A «Nikon Z711 Body» camera with a resolu-
tion of 1024×768 pixels was used to photograph the working 
poses of the drivers. The shooting was carried out at a distance 
of one meter. To determine the ER, photographs were taken of 
the main working movements of the drivers while performing 
the relevant technological operations. At the same time, only 
the largest load indicator was left for further analysis.

To determine the level of health of drivers, it is proposed 
to assess the biological age. The following devices are used 
for this: tonometer «Nissei DS-1902» (Japan); non-contact 
infrared thermometer «Maniquick MQ-160» (Switzerland), 
medical scales «VM-150» (Ukraine), stopwatch «HS-43» Ci
tizen (Japan). Subjective health assessment (SHA) was per-
formed using a questionnaire including 27 questions [23, 24]. 
Determination of individual indicators took place during 
a pre-race medical examination in a special medical office.

The drivers’ working conditions were determined by noise 
load, vibration level and microclimate parameters. A digital con-
tact vibrometer «AR63A (GM63A)» (China) was used to mea-
sure the vibration load at the driver’s workplace. Parameters of 
the temperature environment of the workplace were measured 
with a TENZOR-41 ball thermometer (Ukraine), an anemome-
ter «Testo 405-V1» (Germany). The noise load at the workplace 
was measured with the device «Shum-1M» (Ukraine) when the 
car was moving at a speed of 45–60 km/h.

The data were systematized and calculated using Microsoft 
Office programs – Excel 2010 (developer «Microsoft Corpora-

tion», USA). The obtained data had a normal law of probability 
distribution, and Parametric Student’s criteria were used for 
their analysis. The number of observations was sufficient to 
obtain objective scores of the first two moments: arithmetic 
mean (M) and standard deviation (δ). A significance level of 
p < 0.05 with a confidence level of 95 % was considered reliable.

5. The results of the assessment of the ergonomic risk  
of workers, taking into account the load index

5. 1. Audit of the worker’s workload when performing 
production activities

The well-known «Task, Individual, Load, and Environ-
ment» (TILE) approach was used to develop the ER assessment 
algorithm, which provides for the identification of ergonomic 
factors that are formed by the worker’s working posture, depend 
on its individual state of health, the amount of work and the in-
fluence of the environment. At the same time, ER is presented as 
a set of indicators of the load of all muscles of a worker when per-
forming a production task for a regulated time and experience:

P LI EW= × ,	 (1)

where LI – load index, which is calculated as the sum of all 
loads on muscle groups, points; EW – experience of working 
with the appropriate level of muscle load, points. The probabil-
ity of occurrence of a dangerous event can be calculated using 
the load index, which is defined in points. The latter is formed 
taking into account the working posture, the number of repet-
itive movements, the rhythm and pace of work and other indi-
cators that affect the probability of the WMSDs development.

To determine the risk levels of the development of workers’ 
professional WMSDs workers, the requirements of the Hy-
gienic classification of working conditions were taken into 
account according to indicators of harmfulness and danger of 
factors of the industrial environment, difficulty and tension 
of the labor process [17].

Exceeding the above indicators by up to 15 % corre-
sponds to the level of acceptable risk with mandatory control 
of indicators (yellow zone). It is characterized by a violation 
of blood circulation and metabolism, which can lead to 
stretching, squeezing, pinching of nerve trunks in bone canals 
or muscle ligaments. This is especially evident during work 
performed with constantly bent limbs.

Exceeding the indicators by more than 15 % is an unac-
ceptable risk (red zone). Work in this area will lead to the 
development of occupational pathology. Such conclusions 
were made on the basis of the analysis of a number of scien-
tific studies on the establishment of the dependence between 
the load and the WMSDs development. In particular, stu
dies [23, 25] established a correlation between the develop-
ment of osteoarthritis of the knee joint and the number of 
hours spent kneeling or squatting (more than 5,000 hours), as 
well as the number of squats per work shift up to 10,000 times.

In work [24] it was established that the development 
of diseases of the shoulder and forearm joints is manifested 
when working with a load of 20 kg for more than one hour or 
with ten repetitions. In addition, the frequency of movements  
more than 15 times per minute, frequent lifting of loads more 
than 5 kg (2 times per minute) can lead to these problems.  
The relationship between the combined biomechanical im-
pact on the neck muscles and the frequency of lateral epi-
condylitis was determined by the authors in [26], where 
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it was established that the number of 
head movements should be no more than 
15–20 per minute.

Exposure to ER (uncomfortable pos-
ture, vibration, force loads, repetition 
and/or kneeling), which occurs for more 
than 25 % of the working time, leads to 
the occurrence of workers’ WMSDs [27]. 
Also, the duration of work in an uncom-
fortable static position for more than two 
hours of an eight-hour work shift leads to 
the disease [28].

5. 2. Determination of the sequence 
of assessment of ergonomic risks

An eleven-step procedure is proposed 
to determine the ER level based on the 
established level of the load index:

Step 1. Identification of the movements 
of the muscles of the neck, trunk and legs, 
where, in comparison with the specified 
movements, schematically shown in the 
control sheet (Fig. 1), it is provided for the 
determination of points based on the photo 
of the worker performing the task.

Step 2. Determination of the load in-
dex of the muscles of the neck, trunk and 
legs based on their ratio, which is pre-
sented in the Table 1.

Step 3. Determining the load level on the muscles of 
the neck, trunk and legs, taking into account the weight of 
the equipment based on the assessment of the weight of the 
equipment up to 5 kg, from 5 kg to 10 kg, more than 10 kg 
and the speed of the task (Table 2).

Step 4. Identification of the movements of the muscles 
of the shoulder, lower leg, and wrist, where a comparison is 
provided with the specified movements schematically shown 
in the control sheet in Fig. 2, to determine points based on  
a photograph of a worker’s working posture.
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Fig. 1. Step 1 – identification of the movements of the muscles of the neck, trunk and legs

Table 1

Determination of the load level of neck, trunk and leg muscles (A) in points

A1. Neck muscle load level 1 2 3

А2. Leg muscle load level 1 2 3 4 1 2 3 4 1 2 3 4

А3. Body pos-
ture muscles 
load level

1 1 2 3 4 1 2 3 4 3 3 5 6

2 2 3 4 5 3 4 5 6 4 5 6 7

3 2 4 5 6 4 5 6 7 5 6 7 8

4 3 5 6 7 5 6 7 8 6 7 8 9

5 4 6 7 8 6 7 8 9 7 8 9 9

Table 2

Determination of the load level of the muscles of the neck, trunk and legs (A) 
taking into account the weight of the equipment involved in the technological 

process (C ): A+C, in points

No.
Load level

Shock or rapid 
increase in load

Desig-
nation

The level of the combined load of the 
muscles of the neck, trunk and legs, 

taking into account the load – CCriterion Points

1 < 5 kg +0
absent +0 С1 +0

available +1 С2 +1

2
from 5  

to 10 kg
+1

absent +0 С3 +1

available +1 С4 +2

3 > 10 kg +2
absent +0 С5 +2

available +1 С6 +3
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Step 5. Determination of the load level of the muscles of 
the shoulder, the lower part and the wrist of the hand accord-
ing to the matrix given in the Table 3.

Table 3

The matrix for determining the level of the combined 	
load of the muscles of the shoulder, the lower part 	

and the wrist of the hand – B

В2. The lower part of the arm 1 2

В3. Wrist 1 2 3 1 2 3

В1. Shoulder

1 1 2 2 1 2 3

2 1 2 3 2 3 4

3 3 4 5 4 5 5

4 4 5 5 5 6 7

5 6 7 8 7 8 8

6 7 8 8 8 9 9

Step 6. Determination of the load level on the muscles of 
the shoulder, forearm, and wrist, taking into account the grip 
of the hand on the surface of the tool (equipment), based on 
the recommendations given in the Table 4.

Table 4

Determination of the level of combined load on the muscles 
of the shoulder, forearm, wrist (B ) taking into account the 

grip of the hand on the surface of the tool (D ) – D+B

No. Identification of the clutch with the tool
Desig-
nation

Scores

1
Good handle and grip with medium 
power (good)

D1 +0

2
Acceptable but not ideal hand hold or 
acceptable grip

D2 +1

3
Hand holding is not acceptable, but 
possible (bad)

D3 +2

4 No handles (not allowed) D4 +3

Step 7. Determination of the load index level H1 accord-
ing to the data of the matrix given in the Table 5, on which 
the load index values of the muscles of the shoulder, forearm 
and wrist are shown horizontally. They are given taking into 
account the grip of the hand of the equipment and the load 
index of the muscles of the neck, trunk and legs, taking into 
account the weight of the equipment involved in the techno-
logical process.

Table 5

Matrix for determining the load level index H1

H1

Load level – В+D

1 2 3 4 5 6 7 8 9 10 11 12

Load level 
А+С

11 1 1 1 2 3 3 4 5 6 7 7 7

2 1 2 2 3 4 4 5 6 6 7 7 8

3 2 3 3 3 4 5 6 7 7 8 8 8

4 3 4 4 4 5 6 7 8 8 9 9 9

5 4 4 4 5 6 7 8 8 9 9 9 9

6 6 6 6 7 8 8 9 9 10 10 10 10

7 7 7 7 8 9 9 9 10 10 11 11 11

8 8 8 8 9 10 10 10 10 10 11 11 11

9 9 9 9 10 10 10 11 11 11 12 12 12

10 10 10 10 11 11 11 11 12 12 12 12 12

11 11 11 11 11 12 12 12 12 12 12 12 12

12 12 12 12 12 12 12 12 12 12 12 12 12

Step 8. Determination of the level of activity and dura-
tion of the load index H2 based on the identification of the 
speed of execution of the production task. It allows deter-
mining the number of body parts involved in the production 
process, as well as the number of repetitions of movements 
and the duration of the production task (Table 6). The H2 
load index is determined by the matrix (Table 7), where the 
horizontal is the level of activity, and the vertical is the level 
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of duration. In the presence of one critical factor (activity/
duration), when the other is insignificant, let’s determine the 
points according to the data in the Table 6.

Table 6

Determination of the level of the load index H2 taking into 
account the activity AC and the duration DU

No.
Description of activity and duration 

of load
Designa-

tion
Scores

Identification of the level of muscle load activity

1
One or more body parts are held for 
longer than 1 minute (static)

АC1 +1

2
Repeated actions over a short distance 
(more than 4 times per minute)

АC2 +2

3
The action causes rapid large changes 
in posture or an unstable foundation

АC3 +3

Identification of the level of duration of muscle load

1
The duration of the workload of the 
work task 0–20 %

DU1 +1

2
The duration of the workload of per-
forming the work task is 20 % to 40 %

DU2 +2

3
The duration of the work load 
40–60 %

DU3 +3

4 The duration of the work load 60–80 % DU4 +4

5
The duration of the work task load 
80–100 %

DU5 +5

Step 9. Identification of the state of health of the worker, 
its gender and the influence of environmental factors, which 
is carried out in accordance with the recommendations of 
the Table 8 in the presence of one critical factor, when others  
are insignificant, for example, when working conditions  
are acceptable.

Table 7
Matrix for determining the load index H2

Н2
Activity – АC

АC1 АC2 АC3

Duration

DU1 +0.2 +0.4 +0.6

DU2 +0.4 +0.8 +1.2

DU3 +0.6 +1.2 +1.8

DU4 +0.8 +1.6 +2.4

DU5 +1.0 +2.0 +3.0

It is proposed to assess the state of health of the worker 
by biological age in comparison with the calendar age. It is 
considered that the excellent result is when the biological age 
is less than the calendar age (E1). Good – the biological age 
coincides with the calendar age (E2). Satisfactory – biologi-
cal age exceeds calendar age up to 5 years (E3). Unsatisfac-
tory – biological age exceeds the calendar age by more than 
5 years (E4). The proposed equation (2) is used to determine 
biological age [7, 29]:

BA SBP BHB

SB SAH

= + × − × −
− × + ×

26 985 0 215 0 149

0 151 0 723

. . .

. . , 	 (2)

where BA – biological age, SBP – systolic blood pres-
sure, mm⋅Hg.; BHB – duration of breath hold after a deep 
breath, s; SB – static balancing, c; SAH – subjective assessment 
of health (defined in points), a special questionnaire is used.

To calculate the appropriate point from the influence of 
noise, vibration, lighting, climatic conditions (temperature, 
humidity, air movement speed), the ratio of actual indicators 
and normative ones was used. They are determined by the 
maximum permissible values by establishing environmental 
impact factors (EIF). Normal working conditions are those in 
which the environmental impact factor is less than or equal 
to one. Such conditions are considered good (EIF = 1); if the 
environmental impact factor is exceeded by 1.3 times, the 
conditions are satisfactory (EIF = 2); if the environmental 
impact factor is greater than 1.3, such working conditions are 
considered unsatisfactory and the EIF will be equal to 3. The 
excess may be mainly due to one indicator, such as tempera-
ture – then the EIF will be 1.3 or 2.

Table 8

Identification of the state of health of the worker, its gender 
and the influence of environmental factors

No. Description of factors for determination
Desig-
nation

Scores

Identification of the worker’s health status

1 BA/CA > 1 E1 +0

1 > BA/CA > 1.5 E2 +1

2 BA/CA < 1.5 E3 +2

4 BA/CA > 1.5 Е4 +4

Identification of the worker’s gender

1 Man E5 +1

2 Woman E6 +2

Identification of working conditions

1 Acceptable working conditions HW1 0

2 Harmful working conditions of class 3.1 HW2 +1

3 Harmful working conditions of class 3.2 HW3 +2

4 Harmful working conditions of class 3.3 HW4 +3

Step 10. Determination of the worker’s health status 
indicator, limitations of physical condition and influence of 
environmental factors Н3. Based on the recommendations 
given in the Table 9, which takes into account limitations 
of physical condition (horizontally) according to the level 
of health, and the influence of the environment (vertically).

Table 9
Matrix for determining the load index Н3

Working 
conditions

Worker’s health status and gender 

E1 E2 E3 E4 E5 E6

HW1 0 +2 +4 +2 +4 +6

HW2 +1 +3 +5 +3 +5 +7

HW3 +2 +4 +6 +4 +6 +8

HW4 +3 +5 +7 +5 +7 +9

Step 11. The total load indicator is determined as the 
total number of points according to the formula:

IH H H H= + +1 2 3.	 (3)

Based on the hygienic classification of work, as well as 
taking into account methodical recommendations for the 
attestation of workplaces, the boundaries of the ER matrix 
are established (Fig. 3). At the same time, the distribution 
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of ER levels: green color – acceptable ER (low probability 
of WMSDs occurrence); orange –acceptable with ER veri-
fication (moderate probability of WMSDs); red – unaccept-
able ER (high probability of WMSDs).
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Fig. 3. ER matrix (ergonomic risks)

To display the intermediate results of calculating the load 
index, taking into account the length of service, a special ta
bular form (Table 10) is proposed, which shows the sequence 
of steps, a place for displaying the corresponding points and 
calculation formulas.

The uniqueness of the specified algorithm is the consid-
eration of additional factors: the state of worker’s health, its 
gender, and factors of the production environment, which 
significantly affect the overload of the worker. The algorithm 
also allows taking into account the possible physical limita-
tions of the worker by determining the appropriate points 
that characterize the activity of work performance.

5. 3. Calculation of the ergonomic risk of car drivers by 
type of production work

The ER of drivers who make several trips with a return 
to the place of departure after a certain period of time (after 
a month) was evaluated. It was assumed that 90 % of the 
time of the transport work of the driver is occupied with 
driving the car, 7 % – on the pre-trip inspection and 3 % – 
on the ongoing minor repairs (for example, changing a wheel  
on the road).

To carry out the ER assessment, let’s use photos of the 
production poses of the drivers: driving a car, replacing  
a damaged wheel and conducting a pre-race inspection, 
which are shown in Fig. 4. There are marks on the photo that 
allow to place the location of body parts in accordance with 
the specified positions on the control sheet (Fig. 2) to estab-
lish the corresponding point scores.

Table 10
Algorithm and form of assessment of muscle load index

Danger
Dangerous 

event
Conse-
quences

Harmful factors of muscle strain of the worker Designation Step number Points

Muscle 
overload

MSD dis-
ease

Loss of 
working 
capacity

Detection of neck, trunk and leg muscle movements А

Movements

neck А1

1

point

stem А2 point

legs А3 point

load factor А 2 point

Determination of the load level on the muscles of the 
neck, trunk and legs, taking into account the weight of 
the equipment involved in the technological process

А+С 3 point

Identification of the movements of the muscles of the 
shoulder, lower leg, and wrist

В

Movements

shoulder В1

4

point

lower arm В2 point

wrist В3 point

load factor В 5 point

Determination of the load level on the muscles of the 
shoulder, forearm, and wrist, taking into account the 
grip of the surface of the equipment by the hand

В+D 6 point

Determination of the load index level Н1 7 point

Determination of the load duration and activity 
indicator

Н2 8 point

Identification of the worker’s state of health, limita-
tions of physical condition and influence of environ-
mental factors

Е, HW 9 point

Determination of the worker’s health index, limita-
tions of physical condition and influence of environ-
mental factors

Н3 10 point

Determination of the general load index LI = Н1+Н2+Н3 11 point

ER assessment Р = LI×EW
Full ER assessment 
according to set points
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To determine indicators of activity and duration of work, 
the time of a full work shift (we calculate that it is 9 hours) 
is compared with the time of transport work, that is, we 
calculate the time of breaks and stops. Through observation, 
the duration of the driver’s stay in one working position, the 
speed of work execution and the repeatability of operations 
were recorded (Table 11).

Data on the individual state of health of the drivers was 
collected. For this purpose, key indicators (blood pressure, 
self-esteem index, breath holding time and static balancing 
time) were determined during pre-race medical examinations 
to determine the value of calendar age (CA) according to 
formula (2). The obtained results were compared with the ca
lendar age (according to passport data), which was the basis 
for determining the points (Fig. 3). Intermediate calculation 
results and point scores are given in the Table 12.

The last preparatory stage is the assessment of the impact 
of environmental factors at the driver’s workplace (noise, 
temperature, vibration), which was car-
ried out according to certification maps 
of working conditions. The determina-
tion of the indicators of only the three 
mentioned factors was carried out due to 
the fact that they have the greatest im-
pact on the physical condition of drivers 
and lead to common occupational di
seases – nervous disorders and increase 
the likelihood of a traffic accident. After 
establishing the actual data of factors 
of the external environment (vibration, 
noise, ambient temperature), they were 
compared with the maximum permissi-
ble values recorded in the relevant regu-
latory documents. The largest deviation 
from the norm was detected and taken 
into account when assessing the impact 
on the value of the load index when 
performing the corresponding produc-
tion task. The results of determining 
the influence of drivers’ environmental 
factors are shown in Table 13. Having 
previously collected all the necessary 
data, the load index was calculated, 
consistently performing the indicated 
actions listed in the Table 10, while the 

results of evaluating the weighting index, as an example, for 
water are given in the Table 14.

The values of the load index for each driver when driving 
a vehicle, servicing the car and changing a wheel are given in 
the Table 15.

Table 11

Determination of indicators of activity and duration 	
of the driver’s working positions

Danger 
factor

Observation during the performance  
of a production task

Score

Activity

Time of non-productive work, min. 30

1
Repeatability of production opera-
tions, times/min.

10–15

Load activity, % 20

Duration Time for one operation, min. 80 3
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Fig. 4. Photographs of production poses with applied lines to determine the ergonomic risks of the driver: 	
a – when driving a car; b – when replacing a damaged wheel; c – during maintenance or repair 	

of a vehicle on a lift

Table 12

The results of the assessment of the biological age of drivers and 	
the determination of load index points taking into account the health state

No. CA, years SBP, mm⋅Hg HR, beats/min SAH, scores SB, s BA, years Scores

1 25 121 72 6 116 22 1

2 27 124 82 8 119 27 1

3 29 134 86 7 63 30 1

4 33 136 85 9 48 34 1

5 41 128 86 13 33 41 1

6 43 139 93 15 27 49 2

Table 13

Indicators of the influence of the environment on the load index of drivers

No.
Vibration, dB Air temperature, °C Noise, dB Class of work-

ing conditions
Scores

Actual MPV* Actual MPV* Actual MPV*

1 112

90

29

20–24

77

80

3.1 1

2 102 28 75 3.1 1

3 105 28 74 3.1 1

4 96 26 77 3.1 1

5 103 28 78 3.1 3

6 101 30 74 3.1 4

Note: *MPV – the maximum permissible value of the factor
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As a result of the study, a load indicator was established 
that characterizes the work of drivers. At the same time, the 
ER value, taking into account the length of work, showed 
that the most dangerous for the development of WMSDs 
is changing the wheel, which is characterized by an uncom-
fortable working position and a significant load. Car main-
tenance does not have a high load index due to the short 
duration of work.

On the basis of the total load index, ER was calculated 
taking into account the experience of the drivers according 
to formula (1), taking into account the data of the matrix 
shown in Fig. 3.

The results of the risk assessment make it possible to 
find a correlation between the state of health of the worker, 
its work experience and the ER size in the future, this is the 
basis for the development of preventive measures and man-
agement of ER.

The difference of this approach to determining the indi-
vidual ER lies in the calculation of its value for each worker. 
At the same time, the obtained results allow to assess the 

presence of ergonomic hazards not only by type of activity, 
but also by length of service. This will allow an in-depth 
analysis to determine the most dangerous factor/group of 
factors, as well as to timely identify workers who have limita-
tions both in terms of physical health and seniority.

Table 15

The results of the ER assessment of drivers

Driver

Load index Equiva-
lent load 

index

Expe-
rience

Risk 
levelDriving 

a car
Replacement 

of wheels
Main-

tenance

1 12 12 9 11 5

aver-
age

2 12 12 9 11 5

3 13 12 9 11 5

4 14 13 10 12 10

5 14 13 11 13 15

6 13 12 9 11 5

Table 14
An example of driver load index assessment

No.

Risk components Harmful factors of muscle strain of the worker
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Designation Scores
Danger

Danger-
ous event

Conse-
quences

1
Muscle 

overload
MSD

Loss of 
working 
capacity

Detection of neck, trunk and leg muscle movements

Move-
ments

A1 – trunk muscles movements А23 2

A2 – leg muscle movements А33 2

A3 – neck muscles movements А11 1

A – load factor 3

Determination of the level of load on the muscles of the neck, trunk and 
legs, taking into account the weight of the equipment

А+С 5

Identification of the movements of the muscles of the shoulder, lower leg, and wrist

Move-
ments

B1 – shoulder В15 5

B2 – lower shoulder В21 2

B3 – wrist В31 1

B – load factor 7

Determination of the level of load on the muscles of the shoulder, 
forearm, and wrist, taking into account the grip of the surface of the 
equipment by the hand

В+D 7

Determination of the load index level Н1 +9

Determining the duration and activity of the load Н2 +0.6

Determination of the worker’s state of health, limitations of physical 
condition and influence of environmental factors

Е, HW 1, 2, 1

Determination of the worker’s health index, limitations of physical condi-
tion and influence of environmental factors

Н3 +2

Determination of the general load index LI ≈12
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5. 4. Results of the analysis of indicators for calculat-
ing the ergonomic risk of drivers

The results are given in the Table 6, show that the drivers 
under numbers 4 and 5 have different ER values from other dri
vers, which is explained by the presence of significant work expe-
rience. With age, drivers gain considerable experience, but their 
activity, which was established taking into account the reaction 
to a threat, decreases. In addition, any person accumulates vari-
ous chronic diseases with age, affecting the level of health, which 
was determined based on the calculation of biological age [29]. 
From here it is possible to draw a conclusion regarding the 
reduction of the duration of transportation, since this factor is 
characterized by the largest number of points (Fig. 5). It is also 
possible to more carefully analyze the determination of points 
regarding the intensity of joint movement and find the reason 
why the highest score was recorded for shoulder movements. 
Perhaps due to the lack of adjustment of the steering wheel or 
significant physical exertion when switching the gearbox. Elimi
nating the cause will reduce the impact of the dangerous factor.

The research also showed that there is a high level of 
ER during car maintenance due to the highest indicator of 
the total load, which is 30 % higher compared to other types 
of work of drivers (Fig. 5). This is where the analysis of the 
work performance technology begins to find out the reason 
for obtaining relatively high scores.

6. Discussion of the results of the ergonomic  
risk assessment

The developed algorithm for assessing ER made it possible 
to identify dangerous factors of the production process, which 

have the greatest impact on the physical overload of the driver. 
This makes it possible to establish the cause and propose ap-
propriate solutions in occupational safety management systems 
that would change the probability of the development of an oc-
cupational eye injury. Based on the given checklist (Fig. 1, 2), 
as well as the obtained calculations in the Table 5, the level of 
ER for six drivers was determined as the average. This requires 
further analysis to determine the impact of each component 
(dangerous factor) on the obtained total result. The result will 
be the development of recommendations to reduce the likeli-
hood of developing occupational diseases of drivers.

The main difference between the proposed ER calculation 
algorithm and the existing RULA, REBA [11] approaches is to 
establish the relationship between the load index, work experi-
ence, intensity of movements and the level of health of the driver. 
At the same time, the algorithm can be conditionally divided 
into three groups: determination of the intensity of joint move-
ment; determining the impact of activity and duration of the 
production task and determining the impact of environmental 

factors. Dangerous factors, which are determined on the 
basis of the recommendations given in the checklists, 
affect the activity of performing production operations, 
which decreases over time due to the accumulation 
of fatigue. In addition, the proposed algorithm takes 
into account the duration of work and the influence of 
environmental factors, which also reduce workability 
due to the need for adaptation of the body [30]. The 
known approaches are limited only to the assessment of 
the working posture taking into account the load [31]. 
Sometimes the execution time is taken into account. 
The proposed algorithm makes it possible to assess the 
influence of the age and length of service of workers due 
to the change in biological age.

The advantages of the developed load index assess-
ment checklist include the ability to assess the con-
venience/uncomfortableness of the working posture 
with the appropriate level of effort that the driver must 
exert to perform the task. It is also necessary to detect 
the influence of dangerous factors of the external envi-
ronment and to determine how much the load corre-
sponds to the driver’s level of health. The checklist of 
the proposed checklist even provides for the presence 
of physical limitations of the driver, which are associat-
ed with an injury or a previous illness.

The developed algorithm for assessing ER, as can 
be seen from the conducted analysis, allows substan-
tiating the appropriate decisions in the occupational 
safety management systems of organizations. The 
proposed solutions provide, first of all, the elimination 
of the main causes that increase the likelihood of the 
development of occupational diseases. 

In addition, if it is impossible to achieve the desired level 
of ER, appropriate steps are developed either to replace the 
type of truck [32], or to choose another route [33], or to 
transfer the worker to another job. All the given recommen-
dations are offered on the basis of a thorough study of the 
identified dangerous cells (Table 5), which allows to clearly 
identify the weak points of the technological process.

At the same time, the limitations of the study include 
the lack of a classical approach to the assessment of ER, 
when to establish the probability of the occurrence of  
a dangerous event – an occupational disease or injury and the 
severity of the consequences. Based on the appearance of the 
working posture, it is difficult to detect risks experimentally.  
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In addition, the specified algorithm is time-consuming and re-
quires research into the biological age of drivers, working con-
ditions, identification of physical limitations of drivers, and ob-
servation of the specifics of task performance. The limitations of 
this study include the lack of consideration of the influence of 
psychosocial risk factors on ER values, which are planned to be 
included in the next development of the checklist.

7. Conclusions

1. The relationship between the load index of the worker 
of industrial activity and the intensity of movements, taking 
into account the level of individual health of the worker, was 
established, which made it possible to calculate the ER value 
as a set of load indicators of all the driver’s muscles when 
performing an industrial task for a given time and experience. 
Thus, taking into account work experience and biological 
age, which collectively have a significant impact on the over-
all risk assessment, allows assessing changes in the worker’s 
physical condition due to the accumulation of fatigue.

2. The sequence of ergonomic risk assessment was deter-
mined and the load index and its impact on the overall result 
of ergonomic risks were assessed. It was established that the 
greatest impact is caused by changing the wheel, which is char-
acterized by an inconvenient working position and a significant 
load. The proposed sequence of ergonomic risk assessment, 
which cnsists of eleven steps, can be conditionally divided into 
three groups: determining the intensity of joint movement; de-
termining the impact of activity and duration of the production 
task and determining the impact of environmental factors.

3. According to the calculations of the comprehensive 
assessment of ergonomic risks among 6 drivers, it was deter-
mined that seniority and work experience can influence the 
amount of risk due to a decrease in reaction to threats with 

an increase in knowledge. Also, the accumulation of fatigue 
and chronic diseases has a significant impact on the duration 
of transportation. The typical performance of movements, 
such as gear shifting, can increase the impact on the motor 
activity of the shoulder joint, which also leads to an increase 
in the load index and the risk of traumatic events or the ac-
cumulation of static fatigue.

4. It was established that there is a high level of ER during 
car maintenance due to the highest indicator of the total load, 
which is 30 % higher compared to other types of work of drivers.
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