
 

 
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 computer-
operating workers. The factors associated with a 
degree of working ability reduction were: current-
employment 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. 
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1. INTRODUCTION 

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 non-
ergonomic 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.  

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. 

3. MATERIALS AND METHODS  

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 computer-
operating 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 

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. 

4. RESULTS 

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 current-
employment 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). 

 
Table 1. Work ability index (WAI) relative to 

ergonomics components of the computer workstations 

Ergonomics 
components 

of the 
computer 

workstations 

WAI in the 
Group 1 

WAI in the  
Group 2 

N Mean  SD N Mean  SD 

Inappropriate 
monitor 
location 

53 31,2 3,0 52 37,8*** 3,1 

Inappropriate 
monitor 
distance from 
eyes 

55 31,1 3,8 49 35,7*** 3,0 

Glare and 
reflection 
from monitor 

93 34,3 3,1 88 39,8*** 2,9 

Mouse 
distance and 
size are not 
customized 
to the users  

91 35,2 2,7 81 41,1*** 3,9 

The 
dimensions 
of the seat 
are not 
adjusted to 
the users 

59 32,1 2,9 52 38,9*** 3,1 

Insufficient 
comfort and 
stability of 
the seat 

72 33,7 3,1 68 39,8*** 3,7 

Work 
organization 
does not 
allow for 
frequent 
breaks 

54 33,4 2,9 51 41,1*** 3,4 

Inappropriate 
body posture 

58 32,1 2,9 53 39,2*** 3,0 

***p<0,0001  
 
Work ability index decreased with the current-

employment length (Table 2).         
 

Table 2. Work ability index (WAI) relative to current-
employment length 

The current-
employment 

length (years) 

WAI in the 
Group 1 

WAI in the Group 
2 

N Mean   
SD 

N Mean   
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 

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 3. Work ability index (WAI) relative to health 

disorders and symptoms 

Health disorders 
and symptoms 

WAI in the 
Group 1 

WAI in the 
Group 2 

N Mean   
SD 

N Mean 
   

SD 

Disorders of visual 
system 

99 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 
computers 

31 31,4 2,1 4 38,9*** 2,9 

                ***p<0,0001 
 
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 

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]. 
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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 extra-
ocular 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.  
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