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ABSTRACT

Aim To determine a degree of change in the bones of workers who 
spend their full time job in sitting position and to find a correlation 
between smoking and changes in bone structure. Methods Exa-
minees were 213 female workers who worked full time sedentary 
work in front of computer. Each worker was subjected to physical 
examination and ultrasonic osteodensitometry of calcaneus. 

Results The average age of patients was 45.4 years. Changes in 
bone density were found in 110 (51.64%) workers. Correlation 
between smoker and non-smoker groups was positive, but “r“  was 
higher in smokers than in non-smokers. It is worrying that 10 out 
of 22 persons in the group up to 30 years of age have osteopenia. 

Conclusion Recommendation for regular annual control of bone 
density of the working group at risk regardless of age should be 
followed. Prescribing exercise for the working group at risk sho-
uld be a significant part of preventive work in clinics of occupati-
onal medicine and sports. 
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INTRODUCTION

Bone weight loss per unit volume is called osteo-
penia or osteoporosis, depending on the degree of 
decrease. Osteoporosis is a disease associated with 
aging, but the process is influenced by genetic, epi-
genetic and environmental factors. Aging is a high 
risk factor for osteoporosis (1). Sedentary lifestyle 
implies too much sitting at work or at home. This 
way of life is directly related to the increased risk 
of developing a disease, most of which is the dege-
neration of the musculoskeletal system (2,3).
Regardless of work, each body or extremity posi-
tion at work causes a certain load of physiologi-
cal function of the worker. People who work full 
time sedentary are often exposed to an ergonomi-
cally inadequate work space (4).
Multi-year work in such conditions, with ina-
dequate nutrition and tobacco products abuse, 
can lead to changes in bone structure that can 
progress over time. Nicotine has a direct adverse 
effect on bone density because it interferes with 
their metabolism (5).
Women who smoke have more frequent menstru-
al disorders, and 2-3 years earlier menopausal 
occurrence and hence early termination of the 
protective effect of estrogen in the sense of oste-
oporosis (6). Changes in bone density are most 
commonly associated with menopausal women, 
while changes in pre-menopausal women are of-
ten associated with their lifestyle (7). 
Practical cases show that it is also necessary for 
young women to undergo an annual ultrasound 
examination of calcaneus in order to prevent oste-
oporosis, and also for successful treatment (8).
Changes in the structure of the bones are more 
and more frequently occurring earlier (9). 
In addition to densitometric methods based on 
DXA (dual energy X-ray absorption), which is 
a gold standard in the diagnosis of osteoporosis, 
the ultrasonic densitometric method has been de-
veloped over the past years. The ultrasound met-
hod is simple, fast, without ionizing radiation and 
most importantly, accessible (10). 
Sedentary lifestyle implies too much sitting, ta-
king into account the time a person spends in the 
car, sitting at work or at home. This way of life 
is directly related to the increased risk of develo-
ping the disease, the most common of which is 
the degeneration of the musculoskeletal system 

(11). Regardless of the work performed at the 
workplace, each position of the body or extre-
mity causes a certain load of the corresponding 
physiologic functions of the worker (12). In the 
sitting position, due to the long-lasting static con-
traction of the spinal cord extender muscle, their 
excessive fatigue occurs and the end result is the 
spasm of the muscles and severe pain (13). Nico-
tine has a direct adverse effect on bone density as 
it interferes with the metabolism. Females who 
smoke have more frequent menstrual disorders 
and 2-3 years earlier menopausal occurrence and 
hence early termination of the protective effect 
of estrogen in the sense of osteoporosis (14,15). 
This work aims to determine the degree of chan-
ges in the bones of female workers who worked 
full time sedentary according to the age and to 
investigate a correlation between smoking and 
changes in the bone structure.

PATIENTS AND METHODS

Examinees and study design

This prospective study was conducted at the 
Department of Occupational Health of Sarajevo 
during 2015. The survey included 213 females 
full-time employed with sedentary work in front 
of computer: up to 30 years 23, 31-40 years 44, 
41-50 years 66, 51-60 years 69 and more than 61 
years of age there were 11 females. Examinees 
were divided into two groups: first group inclu-
ded 100 (46.9%) smokers and second group 113 
(53.1%) non-smokers. In the smoker group no 
examinees were younger than 30 years, 22 were 
in 31-40, 30 in 41-50, 39 in 51-60 and nine were 
older than 61 years of age. Non-smoker group 
consisted of 13 examinees younger than 30 ye-
ars, 22 in 31-40, 30 in 41-50, 39 in 51-60 and 
nine in more than 61 years of age group (Table 
1). Exclusion criteria were workers with hyper- 
or hypothyroidism, workers taking corticosteroid 
therapy, workers who do not work full time in the 
sedentary position, workers who are physically 
active at work, workers who were pregnant in the 
last 2 years, breast-feeding workers.
Prior to the start of the study, a brief education of 
respondents was made and relevant information 
provided, explaining the purpose and objectives 
of the study. All examinees signed informed con-
sent forms. The study was approved by the Ethics 
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Committee of the Department of Occupational 
Health Centre of Sarajevo.

Methods

During a systematic examination in the Institute of 
Occupational Health, a general examination was 
carried out, including work history, personal and 
family history, as well as physical examination. 
The ultrasound osteodensitometry of calcaneus 
was performed on the ultrasound osteodensitome-
ter (Osteosys BTL, Czech Republic) at the Depar-
tment of Physical Medicine of the Institute. Te-
sting was done by a direct method and the results 
of bone density measurements were expressed by 
T-scale (16). Osteoporosis was diagnosed when 
T-score <-2.5 and osteopenia when T-score was 
between 1.0 and 2.5. Bone density was conside-
red normal if T was ≥ -1.0. Decreasing of the bone 
mineral density (BMD) for one standard deviation 
increases the risk of bone fractures by 1.5-3 times.

Statistical analysis

One part of the study results were processed by 
the statistical correlation method by Pearson. 
Accepted statistical significance was at p <0.05. 
Pearson’s correlation coefficient was used in ca-
ses where there was a linear link between the va-
riables of the observed model and a continuous 
normal distribution. The Pearson correlation co-
efficient value ranged from +1 (perfect positive 
correlation) to -1 (perfect negative correlation). 
Pearson’s correlation coefficient r was based on  
comparison of the actual influence of observed 
variables on each other in relation to the maxi-
mum possible influence of two variables. 

RESULTS 

The average age of 213 females was 45.4 years; 
the majority were in the age group 41 to 60 years, 
138 (65%) (Table 1). 

Changes in bone density were found in 121 (out 
of 213; 56.8%) females: 110 (51.6%) were with 
osteopenia and 11 (5.2%) with osteoporosis.
Both, osteopenia and osteoporosis were most 
represented in the 51-60 years age group, in 39 
(out of 121; 32.3%) and eight (out of 121; 6.6%) 
females, respectively.
Out of 100 examinees in the smoker group (46.9% 
of total examinees), 40 (40.0%) examinees had 
osteopenia and seven (7.0%) had osteoporosis; 
both, osteopenia and osteoporosis were most re-
presented in the 51-60 years of age smoker group, 
15 (37.5%) and six (85.7%) females, respectively. 
Out of 113 non-smoker examinees (53.1% of total 
examinees), 70 (61.9%) had osteopenia and four 
(3.5%) had osteoporosis (Table 1). 
The correlation between bone changes and age in 
the smoker group was r = 0.2822 (positive corre-
lation) (p <0.05), and in the non-smoker group it 
was r = 0.2030 (positive correlation) (p <0.05). 

DISCUSSION

Changes in bone density were found in 121 
(56.8%) females. It is particularly worrying that 
10 out of 13 females younger than 30 years of 
age had osteopenia. The correlation between 
bone changes and age in both smoker and non-
smoker group was positive, but it was higher in 
smokers than non-smokers group due to nicotine 
adversity. There was also a high probability of 
further bone loss combined with all further con-
sequences. It is known that in women who smoke 
earlier menopause may occur and that osteoporo-
sis development is more present (17). This work 
has confirmed this finding. 
Comparing the results of this work with other 
authors, it can be seen that in all studies the pre-
valence ranges from moderate to high. A study in 
Italy found prevalence of 18% of women suffering 
from osteoporosis (18). The research conducted in 

No (%) of respondents

Age (years)
Smokers Non-smokers Total

Osteopenia Osteoporosis Without changes Total Osteopenia Osteoporosis Without changes Total
≤30 0 0 0 0 10 (14.2) 0 3 (7.6) 13 (11.5) 13 (6.1)
31-40 11 (27.5) 0 11 (20.7) 22 (22.0) 11 (15.7) 0 11 (28.2) 22 (19.4) 44 (20.7)
41-50 11 (27.5) 1 (14.2) 18 (33.9) 30 (30.0) 19 (27.1) 1 (25.0) 10 (25.6) 30 (26.5) 60 (28.1)
51-60 15 (37.5) 6 (85.7) 18 (33.9) 39 (39.0) 24 (34.2) 2 (50.0) 13 (33.3) 39 (34.5) 78 (36.6)
˃61 3 (7.5) 0 6 (11.3) 9 (9.0) 6 (8.5) 1 (25.0) 2 (5.1) 9 (7.9) 18 (8.4)
Total 40 (100.0) 7 (100.0) 53 (100.0) 100 (100.0) 70 (100.0) 4 (100.0) 39 (100.0) 113 (100) 213 (100)

Table 1. Changes in bone density in 213 smoker and non-smoker examinees according to age

Bišćević-Tokić et al. Sitting position and bone changes
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Colombia also showed a high prevalence of osteo-
porosis, as many as 97.3% of women had at least 
one risk factor for osteoporosis (19). A US study 
has shown the prevalence of osteoporosis of 10.3% 
(20). So far, it has been a practice for women youn-
ger than 45 years old not to measure bone density. 
This study has shown that even younger women 
should be included in the screening. If bone loss is 
not noticed in time, osteoporosis may arise, which 
can lead to disability, which disturbs the overall qu-
ality of life of the affected person (21).
In conclusion, osteoporosis becomes a public health 
problem. Prevention should include a regular annu-
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