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Abstract: Computers are key tools in every
aspect of work and learning, from managerial
activities to document preparation and electronic
communication. The inappropriate use of
computers can contribute to the health damage of
the exposed operators.
The aim of this article is to examine the
prevalence of health disorders and to estimate the
work ability index among computer operating
workers.
A total of 353 workers working with computers,
aged 25-50 years, from five companies in the city
of Niš, were divided into two groups according to
the length of computer work during the day. The
group 1 consisted of 182 computer-operating
workers who worked longer than four hours per
day with computer. The group 2 consisted of 171
computer-operating workers who worked less than
four hours per day.
The disorders of visual and musculoskeletal
system, general health symptoms (headaches,
fatigue, lack of concentration, and sensitivity to the
light), and addiction to computers were statistically
significantly more common in the group 1, than in
the group 2 of the computer-operating workers
(p<0,0001). Inappropriate ergonomic conditions,
longer exposure time, addiction to computers, and
work related visual and musculoskeletal disorders
significantly reduced the work ability of computeroperating workers. The factors associated with a
degree of working ability reduction were: currentemployment length, every day computer usage,
inappropriate ergonomics conditions, and the
presence of health disorders.
An important finding of this study is that those
who had the work-related health symptoms and
disorders and reduced working ability were those
who used computers for more than four hours per
day.

1. INTRODUCTION

U

SE use of computers, digital electronic
devices, and video display terminals for work
and entertainment is almost universal in modern
society [1]. Computers have become key tools in
virtually every aspect of work and learning, from
managerial activities to document preparation
and electronic communication [1]. Computer
technology applications are revolutionizing
workplaces worldwide, and their use will continue
to grow in the future.
Computer-operating workers are constantly
exposed to various occupational risks, such as
the awkward, constrained, and harmful postures,
repetitive fingers, wrists, and arms movements,
eye strain, and visual system burdens,
inappropriate design of computer workstations
(including
also
inadequate
microclimatic
conditions, noise, poor lighting), utilization of nonergonomic hardware and software with poor
usability, longer hours in front of computers
without giving importance to their health, high
levels of job strain and work-related stress,
repetitious tasks, boredom, and psychosocial
stressors [2,3].
The inappropriate and long-term use of
computers can contribute to health impairments
such as musculoskeletal discomfort, trauma, and
disorders (the cumulative trauma disorder and
the repetitive strain injury of extremities, back and
neck) [4-7], computer vision syndrome (CVS)
[8,9], asthenopia [10], increased level of
perceived stress [11,12], insomnia [13] and
psychological disorders [14], which negatively
affect operators' tasks efficiency, performance,
and productivity.
It has been estimated that, worldwide, 25% of
computer users are already suffering from
computer related injuries [15], which represents a
huge economic burden.
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2. AIM
The aim of this article is to examine the
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prevalence of disorders of visual and
musculoskeletal system and general health
symptoms and complaints, and to estimate the
work ability index among computer-operating
workers.

science (SPSS 11.0 Systat 8.0) software.
Comparison between the two groups was tested
by an unpaired Student’s t test (to compare
means) or chi-square (χ²) test (to compare
frequencies), while correlation was estimated by
the Pearson's r correlation coefficient.

3. MATERIALS AND METHODS
4. RESULTS

A systematic study of computer work and
health disorders and working ability index among
computer-operating workers was performed. The
term computer-operating workers refers to those
who work at office or at home with computers
(including
desktop
computers;
portable
computers: lap-tops, tablets; personal digital
assistants, handheld computers, personal
organizer devices or similar forms of small size
mobile computers), which involves the use of
display screens (monitors, video display
terminals), keyboards, and/or a mouse. A total of
353 computer-operating workers, aged 25-50
years, from five companies in the city of Niš,
were divided into two groups, according to the
length of computer work during the day.
The group 1 consisted of 182 computeroperating workers who worked longer than four
hours per day. The group 2 consisted of 171
computer-operating workers who worked less
than four hours per day. Clinical examination was
performed by an ophthalmologist, psychiatrist,
physical medicine specialist, occupational
medicine specialist, and a psychologist. The
emphasis was placed on the disorders of visual
and musculoskeletal systems, as well as on the
presence of general health complaints (e.g.
headaches, fatigue, lack of concentration, and
sensitivity to the light). Working ability (WA) was
assessed by the Work Ability Index (WAI)
questionnaire [16].
This questionnaire contains seven items, with
each item accounting for a partial score that
contributes to the overall WA score, ranging from
7 to 49. The seven items measure the following
variables: (1) current WA compared with the
lifetime best (range: 1–10), (2) WA in relation to
mental and physical demands of the job (range:
2–10), (3) number of current diseases diagnosed
by a physician (range: 1–7), (4) estimated work
impairment due to diseases (range: 1–6), (5) sick
leave during the past 12 months (range: 1–5), (6)
self-prognosis of WA for the next 2 years (scores:
1,4, or 7), and (7) mental resources (range: 1–4).
The overall score refers to four categories of
scores: 7–27 points (bad WA) to restore work
ability, 28–36 points (moderate WA) to improve
work ability, 37–43 points (good WA) to support
work ability, and 44–49 points (very good WA) to
maintain work ability.
The data were analyzed for statistical
significance using the statistical package of social

There were no statistically significant
differences between these two examined groups
in relation to the age (38,4 ± 9,1 in the group 1
vs. 39,7 ± 8,9 years in the group 2) and the
duration of occupational exposure (the currentemployment length) (15,9 ± 4,8 vs. 16,2 ± 3,9
years) (p>0,05). The computer work duration in
the group 1 (8,15 ± 1,1 hours/day; 42,1 ± 3,1
hours per week; 5,2 ± 0,1 working days per
week) was significantly higher than in the group 2
(1,6 ± 0,4 hours/day; 8,9 ± 0,9 hours per week;
5,0 ± 0,1 working days per week) (p<0,0001).
Disorders of visual and musculoskeletal
systems, general health symptoms and
complaints, and addiction to computers were
statistically significant more common in the group
1 than in the group 2 of the computer-operating
workers (p<0,0001).
The following types of visual disorders were
more often presented in the group 1, compared
to the group 2: short-sightedness (30,2 % vs. 1,2
%); long-sightedness (12,6 % vs. 0,6 %); redness
of the eyes (10,9 % vs. 0,6 %); dryness of the
eyes (31,3 % vs. 10,5 %); disturbed perception of
colors (11,5 % vs. 0,6 %) and pain in the eyes or
the region around the eyes (29,1 % vs. 1,2 %)
(p<0,0001).
According to anatomical areas of the body, the
significantly higher prevalence of musculoskeletal
disorders were presented in the group 1
compared to the group 2 in the following
anatomical regions: shoulder (46,1 % vs. 19,9
%); elbow (21,4 % vs. 1,2 %); wrist/hand (25,3 %
vs. 1,8 %); upper back (11,5 % vs. 0,6 %); low
back (57,1 % vs. 19,8 %); neck (22,5 % vs. 1,8
%) and leg (14,3 % vs. 0,6 %) (p<0,0001).
Significantly higher prevalence of the following
general health symptoms and complaints was
presented in the group 1 compared to the group
2: headaches (23,1 % vs. 1,8 %); general body
fatigue (35,1 % vs. 11,1 %); lack of concentration
(13,7 % vs. 0,6 %) and sensitivity to the light
(14,8 % vs. 0,6 %) (p<0,0001).
Addiction to computers was presented in 31
(17,0 %) of the computer-operating workers in
the group 1, which was significantly more than in
group 2 (2,3 %) (p<0,0001).
Work ability index (WAI) depends on the
ergonomic components at the computer
workstations. The computer-operating workers in
the group 1, working in the computer
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workstations with harmful ergonomic conditions,
had a significantly lower WAI compared to the
computer-operating workers in the group 2,
working in similar computer workstations (Table
1).

Total
182 32.8 2.9 171 39.4*** 3.0
* p<0,05; **p<0,001; ***p<0,0001

The computer-operating workers with the
disorders of visual and musculoskeletal system,
general health symptoms and complaints, and
addiction to computers from the group 1 had
statistically significantly lower WAI than the
computer-operating workers with the same health
conditions from the group 2 (p<0,0001) (Table 3).

Table 1. Work ability index (WAI) relative to
ergonomics components of the computer workstations
Ergonomics
components
of the
computer
workstations
Inappropriate
monitor
location
Inappropriate
monitor
distance from
eyes
Glare and
reflection
from monitor
Mouse
distance and
size are not
customized
to the users
The
dimensions
of the seat
are not
adjusted to
the users
Insufficient
comfort and
stability of
the seat
Work
organization
does not
allow for
frequent
breaks
Inappropriate
body posture
***p<0,0001

WAI in the
Group 1
N
Mean SD

WAI in the
Group 2
Mean
SD

N

Table 3. Work ability index (WAI) relative to health

disorders and symptoms
53

31,2

3,0

52

37,8***

3,1

55

31,1

3,8

49

35,7***

3,0

93

34,3

3,1

88

39,8***

2,9

91

35,2

2,7

81

41,1***

3,9

59

32,1

2,9

52

38,9***

Health disorders
and symptoms
N

33,7

3,1

68

39,8***

3,7

54

33,4

2,9

51

41,1***

3,4

Disorders of visual
system

99

N

Mean

SD

31,8

3,2 48 38,7*** 3,2

Disorders of
musculoskeletal
system

113 32,9

3,4 42 39,8*** 3,1

General health
symptoms and
complaints

112 32,8

2,8 39 40,8*** 2,8

Addiction to
31
computers
***p<0,0001

31,4

2,1 4 38,9*** 2,9

The WAI in the computer-operating workers in
the group 1 was in a positive correlation with the
computer work duration (in hours/day) (Pearson
coefficient r= +0,71, p<0,001) and with the total
length of work with computers (in years)
(Pearson coefficient r=+0,69, p<0,001).
5. DISCUSSION

58

32,1

2,9

53

39,2***

Computer worker's health is highly important
for better productivity of any company. This study
found that computer-operating workers, who
used computers for more than four hours per
day, had more disorders of visual and
musculoskeletal
system,
general
health
symptoms (including headaches, fatigue, lack of
concentration, and sensitivity to the light), and
addiction to computers, and had lower working
ability than those who worked less than four
hours per day with computer.
In this study, the disorders of visual system
were detected in 54.4 % of computer-operating
workers who worked longer than four hours per
day and in 28.1 % of computer-operating workers
who work with computer less than four hours per
days. The similar results were found among
keyboard users in Mauritius (59.9 %) [17]. Some
previous studies have demonstrated higher
prevalence of the computer vision syndrome
among computer users [18-20].

3,0

Work ability index decreased with the currentemployment length (Table 2).
Table 2. Work ability index (WAI) relative to currentemployment length
The currentemployment
length (years)

Mean

WAI in the
Group 2

SD

3,1

72

WAI in the
Group 1

WAI in the
Group 1
N

Mean

WAI in the Group
2
N

Mean

SD

SD

0 to 5

35

42.2

3.8

34

44.2*

3.9

6 to 10

38

38.2

3.2

37

41.1** 3.8

11 to 15

37

31.4

3.1

33 39.2*** 2.8

16 to 20

39

27.1

2.4

35 37.2*** 2.9

Over 21

33

25.1

2.2

32 35.1*** 2.6
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The most common health symptom and
complaint reported in the present study were
headaches (23.1 %), followed by dry-eyes (31.3
%) and pain in and around the eyes (29.1 %).
Megwas and Daguboshim reported that
headaches (41.8 %) and pain in the eye (31.6 %)
were the most prevalent symptoms among video
display terminal operators [21]. Headaches were
the most commonly reported symptoms in
computer users in several other similar studies
[22,23]. Headaches are often accompanied by
other symptoms of computer vision syndrome,
though many patients do not consider this as a
direct vision-related problem [24]. Human eyes
need to adjust themselves in order to see objects
from different distances, such as by changing the
size of pupil, lengthening or shortening the lens
to change the eye focus, and contracting extraocular muscles to coordinate the two eyes. If a
computer user needs to view computer screen
while looking at a paper on the table from time to
time, the eyes have to adjust constantly. In
addition, the words and images on a computer
screen are difficult for the eyes to focus on due to
their poor edge resolution. The eyes tend to
change the focus to a resting point and then
refocus on the screen. For these reasons,
constant focusing and refocusing is required.
These constant changes take place thousands of
times a day when a computer user stares at a
computer screen for hours, which then stresses
the eye muscles leading to eye fatigue and
discomfort, causing headaches [25]. The current
belief is that a decreased spontaneous eye blink
rate leads to increased evaporation of tears,
which leads to a dry eyes syndrome.
The use of a computer monitor in an
ergonomic position (i.e., one arm distance or at
least 50 cm away with a downward gaze of 14° or
more) appears to help relieve the symptoms of
computer vision syndrome [26]. According to
Occupational Safety and Health Administration,
the preferred viewing distance is 50-100 cm and
the letter size may be increased for smaller
monitors (in the older guidelines for work with
video display terminals, the safe distance from
the computer screen was between 35 and 75
cm). The monitor should be kept directly in front
of the user's chair so that the head, neck and
body face forward when viewing the screen. It
should not be further than 35° to the left or right.
It is recommended that while working with printed
material, the monitor should be placed slightly to
the side and the printed material should be kept
directly in front. The printed material and monitor
should be kept as close as possible to each other
[27].
The results of this study also indicate a causal
relationship between computer work and
musculoskeletal disorders and complaints. The

most common risk factors for musculoskeletal
disorders were the inappropriate posture due to
poorly designed seating devices that lack
adjustable seat heights and back rests, and
repetitive nature of tasks [28]. Similar results
were presented by other authors who pointed out
the importance of preventive measures and
application of ergonomics principles in reduction
of musculoskeletal disorders [29-32]. For
example, one of the goals of the ergonomic
processes is to design or modify people's work
and other activities to be within their capabilities
and limitations [33-35].
The effects of an ergonomic intervention and
physical exercise on musculoskeletal pain
symptoms in all regions of the body, as well as
on other musculoskeletal pain, have also been
investigated. The results showed that an
ergonomic intervention, which included specific
resistance training and all-round physical
exercise for office workers, caused better effects
than a reference intervention in relieving
musculoskeletal pain symptoms in the exposed
regions of the body [36,37].
The results of this study also indicate that the
inappropriate ergonomic conditions, the longer
exposure time, addiction to computers, disorders
of visual and musculoskeletal system, and
general health symptoms and complaints
significantly reduce work ability index. Work
ability implies the physical and intellectual
resources on which workers can rely to cope with
the emotional, cognitive, and physical demands
posed by their work [38]. Our study participants in
the group 1 showed a mean WAI of 32.8, which,
according to the four WAI categories, is indicative
of moderate WA. Computer-operating workers in
the group 2 showed a mean WAI of 39.4, which,
is indicative of good WA. This is in good
agreement with some previous studies [39,40].
On the other hand, our mean WAI score was
significantly lower than the WAI score obtained in
some other studies [41,42]. WAI correlates with
multiple factors, especially socio-demographic
and occupational characteristics. Age [43,44], job
demands [45], sex, joint responsibility for both
work and household duties, type of employment
(part-time employment or full-time employment)
[46,47], existence of family support [48], body
mass index [49], educational level [50], smoking
habits and physical activity during leisure time
[51,52], have a substantial effect on working
ability. Our previous investigations also showed
significant effects of occupational stress on
working ability of the exposed workers [53,54].
6. CONCLUSION
This study showed that specific disorders of
visual and musculoskeletal systems, general
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health symptoms (headaches, fatigue, lack of
concentration, and sensitivity to the light) and
addiction to computers were statistically
significantly more common in computer-operating
workers who work longer than four hours per day.
Inappropriate ergonomic conditions, the longer
exposure time, addiction to computers, the
presence
of
disorders
of
visual
and
musculoskeletal systems and general health
symptoms, significantly reduce the work ability of
computer-operating workers.
These results indicate a need for application of
specific preventive measures and activities in
order to protect the health and working ability of
the computer-operating workers.

[12] Giorgi, G., Arcangeli, G., Perminiene, M., Lorini, C.,
Ariza-Montes, A., Fiz-Perez, J., Di Fabio, A., Mucci, N.,
"Work related stress in the banking sector: A review of
incidence, correlated factors, and major consequences",
Frontiers in Psychology, Vol. 8, 2017, pp. 2166-2172.

ACKNOWLEDGMENT

[16] Tuomi, K., Ilmarinen, J., Jahkola, A., Katajarinne, L.,
Tulkki, A., "Work Ability Index", 2nd ed. Finnish Institute
of Occupational Health, Helsinki, Finland, 1998.

[13] Giahi, O., Shahmoradi, B., Barkhordari, A., Khoubi, J.,
"Visual Display Terminal use in Iranian banktellers:
Effects on job stress and insomnia", Work, Vol. 52, No.
3, 2015, pp. 657-662.
[14] Abbate, C., Micali, E., Abbate, A., Barbaro, M.,
Germanò, D., "Depression in video display terminal
(VDT) employed workers", (accessed on 22 June 2020)
Available
online:
http://www.eaohp.org/uploads/1/1/0/2/11022736/bop5.pd
f.
[15] American
Engineering
Computer
ANSI/HFES
USA, 2002.

National
Standards/Human
Factors
Society, "Human Factors Engineering of
Workstations",
BSR/HFES100,
HFES.
committee, Marcel Dekker, New York, NY,

[1]

http://www.internetworldstats.com/stats.htm

[17] Subratty, A., Korumtollee, F., "Occupational overuse
syndrome among keyboard users in Mauritius", Indian
Journal of Occupational and Environmental Medicine,
Vol. 9, No. 2, 2005, pp. 71-75.

[2]

Assefa, N.L., Zenebe, D., Alemu, W.H.W., Anbesse
D.H., "Prevalence and associated factors of computer
vision syndrome among bank workers in Gondar City,
northwest Ethiopia", Clinical Optometry, Vol. 9, 2017, pp.
67-76.

[18] Logaraj, M,, Madhu Priya, V,, Hegde, S., "Computer
vision syndrome and associated factors among medical
and engineering students in Chennai", Annals of Medical
and Health Science Research, Vol. 4, No. 2, 2014, pp.
179-185.

[3]

Vimalanathan, K., Ramesh Babu, T., "A Study on the
Effect of Ergonomics on Computer Operating Office
Workers in India", Journal of Ergonomics, Vol. 7, No. 5,
2017, pp. 211-217.

[4]

Borhany, T., Shahid, E., Siddique, W. A., Ali, H.,
"Musculoskeletal problems in frequent computer and
internet users", Journal of family medicine and primary
care, Vol. 7, No. 2, 2018, pp. 337-339.

[19] Rahman, Z.A., Sanip, S., "Computer user: demographic
and computer related factors that predispose user to get
computer vision syndrome", International Journal of
Business, Humanities and Technology, Vol. 1, No. 2,
2011, pp. 84-91.

REFERENCES

[5]

Ellahi, A., Khalil, S.M., Akram, F., "Computer users at
risk: Health disorders associated with prolonged
computer use", E3 Journal of Business Management
and Economics, Vol. 2, No. 4, 2011, pp. 171-182.

[6]

Shrivastava, S. R., Bobhate, P. S., "Computer related
health problems among software professionals in
Mumbai: a cross-sectional study", International Journal
of Health and Allied Sciences, Vol. 1, No. 2, 2012, pp.
74-78.

[7]

Moom, R.K., Singb, L.P., Moom, N., "Prevalence of
Musculoskeletal Disorder among Computer Bank Office
Employees in Punjab (India): A Case Study", Procedia
Manufacturing, Vol. 3, 2015, pp. 6624-6631.

[8]

[9]

[20] Abudawood, G.A., Ashi, H.M., Almarzouki, N.K.,
"Computer Vision Syndrome among Undergraduate
Medical Students in King Abdulaziz University, Jeddah,
Saudi Arabia", Journal of Ophthalmology, Vol. 2020,
Article ID 2789376, 2020, pp. 1-7.
[21] Megwas, A., Aguboshim, R., "Visual symptoms among
non-presbyopic video display terminal (vdt) operators in
Owerri, Nigeria", Journal of the Nigerian Optometric
Association, Vol. 15, No. 1, 2009, pp. 33-36.
[22] Reddy, S.C., Low, C., Lim, Y., Low, L., Mardina, F.,
Nursaleha, M., "Computer vision syndrome: a study of
knowledge and practices in university students",
Nepalese Journal of Ophthalmology, Vol. 5, No. 2, 2013,
pp. 161-168.
[23] Shrestha, G.S., Mohamed, F.N., Shah, D.N., "Visual
problems among video display terminal (VDT) users in
Nepal", Journal of optometry, Vol. 4, No. 2, 2011, pp. 5662.

Ünlü, C., Güney, E., Akçay, B. I. S., Akçali, G., Erdoǧan,
G., Bayramlar, H., "Comparison of ocular-surface
disease index questionnaire, tearfilm break-up time, and
Schirmer tests for the evaluation of the tearfilm in
computer
users
with
and
without
dry-eye
symptomatology", Clinical Ophthalmology, Vol. 6, No. 1,
2012, pp. 1303-1306.

[24] Sheedy, J., "Doctor Ergo and CVS Doctors: meeting the
eye care needs of computer users", Journal of
Behavioral Optometry. Vol. 11, 2000, pp. 123-125.
[25] Yan, Z., Hu, L., Chen, H., Lu, F., "Computer vision
syndrome: a widely spreading but largely unknown
epidemic among computer users", Computers in Human
Behavior, Vol. 24, No. 5, 2008, pp. 2026-2042.

Uchino, M., Yokoi, N., Uchino, Y., Dogru, M.,
Kawashima, M., Komuro, A., Sonomura, Y., Kato, H.,
Kinoshita, S., Schaumberg, D.A., Tsubota, K., "Dry eye
disease and work productivity loss in visual display
users: the Osaka Study", American Journal of
Ophthalmology, Vol. 157, No. 2, 2014, pp. 294-300.

[26] Logaraj, M., Madhu Priya, V., Seetharaman, N., Hegde,
S., "Practice of ergonomic principles and computer
vision syndrome (CVS) among undergraduates students
in Chennai", National Journal of Medical Research, Vol.
3, No. 2, 2013, pp. 111-116.

[10] Ostrovsky, A., Ribak, J., Pereg, A., Gaton, D., "Effects of
job-related stress and burnout on asthenopia among
high-tech workers", Ergonomics, Vol. 55, No. 8, 2012,
pp. 854-862.

[27] WorkSafe New Zealand, "Guidelines for using
computers - preventing and managing discomfort, pain
and
injury",
2010.
Available
from:
https://worksafe.govt.nz/topic-and-industry/work-relatedhealth/ergonomics/safely-using-computers-at-work/

[11] Seibt, R., Spitzer, S., Blank, M., Scheuch, K., "Predictors
of work ability in occupations with psychological stress",
Journal of Public Health, Vol. 17, 2009, pp. 9-18.

27

[28] Health and Safety Executive for Northern Ireland
(HSENI) and the Health and Safety Authority (HSA),
"Guidance on the prevention and management of
musculoskeletal disorders (MDSs) in the workplace",
2013.
Available
from:
https://www.hseni.gov.uk/guide_on_prevention_and_ma
nagement_of_musculoskeletal_disorders_msds_.pdf

a worker population: Comparison and determinants of
Work Ability Index and Work Ability score", BMC Public
Health, Vol. 13, 2013, pp. 305-311.
[44] Oakman, J., Neupane, S., Proper, K.I., Kinsman, N.,
Nygård, C.H., "Workplace interventions to improve work
ability: A systematic review and meta-analysis of their
effectiveness",
Scandinavian
journal
of
work,
environment and health, Vol. 44, No. 2, 2018, pp. 134146.

[29] Pillastrini, P., Mugnai, R., Farneti, C., Bertozzi, L.,
Bonfiglioli, R., Curti, S., Mattioli, S., Violante, F.S.,
"Evaluation of two preventive interventions for reducing
musculoskeletal complaints in operators of video display
terminals", Physical Therapy, Vol. 87, No. 5, 2007, pp.
536-544.

[45] Ilmarinen, J., Ilmarinen, V., "Work ability and aging", In:
Finkelstein, L.M., Truxillo, D.M., Fraccaroli, F., Kanfer,
R., editors. "Multi-Age Workforce, a Use Inspired
Approach", Routledge/Taylor & Francis Group, New
York, NY, USA, 2015, pp. 134-156.

[30] Van Eerd, D., Munhall, C., Irvin, E., Rempel, D., Brewer,
S., van der Beek, A.J., Dennerlein, J.T., Tullar, J.,
Skivington, K., Pinion, C., Amick, B., "Effectiveness of
workplace interventions in the prevention of upper
extremity musculoskeletal disorders and symptoms: an
update
of
the
evidence",
Occupational
and
Environmental Medicine, Vol. 73, No. 1, 2016, pp. 62-70.

[46] Rotenberg, L., Portela, L.F., Banks, B., Griep, R.H.,
Fischer, F.M., Landsbergisd, P., "A gender approach to
work ability and its relationship to professional and
domestic work hours among nursing personnel", Applied
ergonomics, Vol. 39, No. 5, 2008, pp. 646-652.
[47] Camerino, D., Conway, P.M., Van der Heijden, B.I.,
Estryn-Behar, M., Consonni, D., Gould, D., Hasselhorn,
H.M, NEXT-Study Group, "Low-perceived Work Ability,
Ageing and Intention to Leave Nursing: A Comparison
Among 10 European CountriesJournal of advanced
nursing", Journal of advanced nursing, Vol. 56, No. 5,
2006, pp. 542–552.

[31] Yafa, L., Gefen, A., Lerman, Y., Givon, U., Ratzon, N.,
"Reducing musculoskeletal disorders among computer
operators: Comparison between ergonomic interventions
at the workplace", Ergonomics, Vol. 55, 2012, pp. 15711585.
[32] Anareh, Z., ZohoorAlinia, Z., "Musculoskeletal Disorders
among Computer Operators: a study in one of the
governmental organizations in Kerman city, Iran",
Journal of Health and Development, Vol. 5, No. 3, 2016,
pp. 216-225.

[48] Smyth, J., Pit, S.W., Hansen, V., "Can the work ability
model provide a useful explanatory framework to
understand sustainable employability amongst general
practitioners: A qualitative study", Human resources for
health, Vol. 16, No. 1, 2018, pp. 32.

[33] Knez, I., Kers, C., "Effects of indoor lighting, gender, and
age on mood and cognitive performance", Environment
and Behavior, Vol. 32, No. 6, 2000, pp. 817-831.

[49] Van den Berg, T.I.J., Robroek, S.J., Plat, J.F.,
Koopmanschap, M.A., Burdorf, A., "The importance of
job control for workers with decreased work ability to
remain productive at work", International archives of
occupational and environmental health, Vol. 84, No. 6,
2011, pp. 705-712.

[34] Blatter, B.M., Bongers, P.M., "Duration of computer use
and mouse use in relation to musculoskeletal disorders
of neck or upper limb", International Journal of Industrial
Ergonomics, Vol. 30, No. 4-5, 2002, pp. 295-306.
[35] Larsson, B., Søgaard, K., Rosendal, L., "Work related
neck-shoulder pain: a review on magnitude, risk factors,
biochemical characteristics, clinical picture and
preventive interventions", Best Practice and Research:
Clinical Rheumatology, Vol. 21, No. 3, 2007, pp. 447463.

[50] Matzolumi, A., Rostamabadi, A., Saraji, G.N.,
Foroushani, A.R., "Work ability index and its association
with psychosocial factors of the petrochemical industries
in Iran", Journal of occupational health, Vol. 54, No. 2,
2012, pp. 112-118.
[51] Firoozeh, M., Saremi, M., Kavousi, A., Maleki, A.,
"Demographic and occupational determinants of the
work ability of firemen", Journal of occupational health,
Vol. 59, No. 1, 2017, pp. 81-87.

[36] Andersen, L.L., Christensen, K.B., Holtermann, A.,
Poulsen, O.M., Sjøgaard, G., Pedersen, M.T., Hansen,
E.A., "Effect of physical exercise interventions on
musculoskeletal pain in all body regions among office
workers: a one-year randomized controlled trial", Manual
Therapy, Vol. 15, No. 1, 2010, pp. 100-104.

[52] Nawrocka, A., Garbaciak, W., Cholewa, J., Mynarski, W.,
"The relationship between meeting of recommendations
on physical activity for health and perceived work ability
among white collar workers", European journal of sport
science, Vol. 18, No. 2, 2018, pp. 3-11.

[37] Fabrizio, P., "Ergonomic intervention in the treatment of
a patient with upper extremity and neck pain", Physical
Therapy, Vol. 89, No. 4, 2009, pp. 351-360. doi:
10.2522/ptj.20080209
[38] Tuomi, K.,
"Promotion
retirement",
Vol. 51, No.

[53] Lazaridis, K., Jovanović, J., Jovanović, J.J., Šarac, I.,
Jovanović, S., "The impact of occupational stress factors
on temporary work disability related to arterial
hypertension and its complications", International
Journal of Occupational Safety and Ergonomics, Vol. 23,
No. 2, 2017, pp. 259-266.

Huuhtanen, P., Nykyri, E., Ilmarinen, J.,
of work ability, the quality of work and
Occupational medicine (Oxford, England),
5, 2001, pp. 318-324.

[39] Guidi, S., Bagnara, S., Fichera, P., "The HSE indicator
tool, psychological distress and work ability",
Occupational medicine (Oxford, England), Vol. 62, No. 3,
2012, pp. 203-209. doi: 10.1093/occmed/kqs021..
[40] Gharibi, V., Mokarami, H., Taban, A., Aval, M.Y.,
Samimi, K., Salesi, M., "Effects of work-related stress on
work ability index among Iranian workers", Safety and
health at work, Vol. 7, No. 1, 2016, pp. 43-48.

[54] Jovanović, J.J., Šarac, I., Jovanović, S., Sokolović, D.,
Govedarović, N., Jovanović J., "The relationship
between occupational stress, health status, and
temporary and permanent work disability among security
guards in Serbia", International Journal of Occupational
Safety
and
Ergonomics,
2019,
doi:
10.1080/10803548.2019.1579458

[41] Saremi, M., Pakghohar, A., Saremi, M., "Work ability and
its relation with productivity in bank staff", Iran
Occupational Health, Vol. 13, No. 6, 2017, pp. 70-78.

Jovica Jovanović was born in 1957 in Niš, Serbia. He is
currently working as a full professor of Occupational Medicine
at Medical Faculty and as a Medical Director of the Institute of
Occupational Health Medicine of Niš. He is the Member of the
Serbian Expert Commission for Occupational Medicine, the
Professional Supervisor in the field of Occupational Medicine
in Serbia, the Member of the Scientific committee of a number
Journals in the field of Occupational Medicine and Reviewer
for the accreditation of higher education institutions in Serbia.

[42] Costa, A.F., Puga-Leal, R., Nunes, I.L., "An exploratory
study of the work ability index (WAI) and its components
in a group of computer workers", Work, Vol. 94, No. 4,
2011, pp. 357-367.
[43] El Fassi, M., Bocquet, V., Majery, N., Lair, M.L.,
Couffignal, S., Mairiaux, P., "Work ability assessment in

28

Author of over 400 scientific papers in various fields of
occupational medicine (stress at work, burnout syndrome,
industrial toxicology, occupational physiology and pathology),
three textbooks, five monographs, practicum in occupational
medicine.

Jovana J Jovanović was born in 1988 in Niš, Serbia. She is
currently working at the Clinical center of Niš. Author of 22
scientific papers in various fields of medicine. Student of
doctoral academic studies in the field of medical sciences at
Faculty of Medicine in Niš.

Ivana Šarac was born in 1972 in Niš, Serbia. She is currently
working as a research associate at Institute for Medical
Research, University of Belgrade, at the Centre of Research
Excellence in Nutrition and Metabolism. She specialized in
Hygiene, and performed here master studies in Nutrition at
Medical school of University of Belgrade. She performed her
doctoral studies at Postgraduate Medical School, University of
Surrey, Guildford, Surrey, UK. Author of many scientific
papers in fields of occupational medicine, nutrition and
metabolism.

Stefan Jovanović was born in 1990 in Niš, Serbia. Author of
11 scientific papers in various fields of medicine. Student of
doctoral academic studies in the field of medical sciences at
Faculty of Medicine in Niš.

29

