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Abstract
Introduction. Developments in modern technology in occupational settings have resulted in prolonged sitting at the workplace.
Prolonged sedentarism may cause musculoskeletal complications and impaired balance. The present study aimed to evaluate
balance in employees working in a seated position for more than half of their working day compared with employees working
in a non-seated position.
Methods. Overall, 100 employees entered the study and were divided into the seated (n = 50) and non-seated (n = 50) groups.
The star excursion balance test was used to measure dynamic balance in the lower extremities. Independent t-tests were
applied for between-group comparisons.
Results. The star excursion balance test scores were significantly lower in the seated position group compared with the non-
-seated position group.
Conclusions. We conclude that dynamic stability is lower in employees working in a seated position compared with their non-

-seated counterparts.
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Introduction

Currently, developments in modern technology and the
use of computers and automated systems in occupational
settings have resulted in workers remaining in a seated po-
sition for prolonged periods, with reduced physical activity
and increased workplace sedentarism [1, 2]. The musculo-
skeletal system requires functional movements such as weight-
bearing activity and muscle contractions to maintain body
position within physiological limits [3]. Hence, prolonged
sedentary postures, such as sitting, significantly influence
the mechanical properties of biological tissues, leading to
musculoskeletal complications and impaired body function
[4, 5]. In addition, it is believed that in the sitting position,
core muscle activity is reduced [6]. One of the main roles of
core muscles is to maintain balance, which is a major com-
ponent of the neuromuscular system [7]. Thus, impaired core
muscle function as a result of prolonged sitting may lead to
dysfunctions in general stability and subsequently musculo-
skeletal disorders [8].

Many occupations require employees to work in a seated
position, and most available studies have investigated mus-
culoskeletal dysfunction during sitting [9-11]. Few, if any,
studies have focused on the effect of sitting on balance. The
present study was conducted to evaluate balance in em-
ployees working in a seated position for more than half of
their working day compared with employees working in a non-
seated position.

Subjects and methods

Assuming 80% power, = 0.2, and o = 0.05, a total of 100
employees entered this descriptive study via convenience
sampling. The participants were divided into 2 groups: seated
position (n = 50) and non-seated position (n = 50). The seated
group spent more than half of their working day seated, while
the non-seated group worked in a sitting position for less
than half of their working day. The subjects in both groups
were matched for age, height, weight, sex, and body mass
index. The demographic characteristics of both groups are pre-
sented in Table 1. The star excursion balance test (SEBT) was
used to measure the dynamic balance in the lower extremities.

The inclusion criteria were as follows:

— employees aged 25-50 years;

— work experience of more than 5 years;

— no signs of back pain or a maximum visual analogue
scale score of 2 out of 10;

— no history of rehabilitation exercise including back stabi-
lization or balance exercises during the previous year;

— absence of systemic disorders such as diabetes and
rheumatoid arthritis;

— absence of neurologic or neuromuscular diseases;

— no prior history of bone fractures or lower limb or spinal
cord surgery;

— absence of uncorrected vision impairments;

— no prior history of head trauma;

— absence of self-reported middle ear or balance disorders;

— use of a computer at work for at least 1 hour a day;

— in the seated group: working in a seated position for
more than half of the working day;
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Table 1. Demographic characteristics of the study population

Group

Characteristics Seated (1 = 50) Non-seated (n = 50) Total (n = 100)

mean + SD mean = SD mean + SD
Gender (male/female) 21/29 21/29 42/58
Age (years) 37.94 + 6.08 37.54 + 5.86 37.74 £ 5.94
Weight (kg) 68.00 + 13.21 68.34 + 12.59 68.17 + 12.84
Height (cm) 164.74 + 8.62 166.10 + 7.76 165.42 + 8.19
Body mass index (kg/m?) 24.93 + 3.62 166.10 + 7.76 24.78 + 3.41
Work experience (years) 13.98 + 6.24 13.36 + 6.14 13.67 £ 6.161

—in the non-seated group: working in a seated position
for less than half of the working day.

The exclusion criteria were:

— pregnancy;

— refusal to continue participating or to complete the tests.

Procedure

The inclusion and exclusion criteria were verified by ob-
servation and data collection forms. Then the participants were
informed about the study aim and procedures. Balance was
established with the SEBT, which has been shown to be a reli-
able measure and is used as an index of dynamic postural
control, with strong within-tester and between-tester reli-
ability [12-14].

During the test, the subject stood barefoot on one leg and
reached with the other leg in 8 different directions (anterior,
anterolateral, lateral, posterolateral, posterior, posteromedial,
medial, and anteromedial) while pushing the indicator box
as far away as possible.

All participants performed right leg trials first, followed by
left leg trials. The rest intervals between same-leg trials and
between trials with different legs were 15 seconds and 1 min-
ute, respectively. The examiner recorded the reach distance
values for each direction in centimetres. Each participant per-
formed enough trials to provide at least 3 valid results, which
were used to obtain composite scores. The trials were nor-

malized to limb length (% limb length in cm) by measuring the
distance from the anterior superior iliac spine to the medial
malleolus.

Statistical analysis

Statistical analyses were done with SPSS software ver-
sion 21 (SPSS, Chicago, USA). The Kolmogorov-Smirnov test
confirmed the normal distribution of the data. Independent
t-tests were used for between-group comparison.

Ethical approval

The research related to human use has been complied
with all the relevant national regulations and institutional poli-
cies, has followed the tenets of the Declaration of Helsinki,
and has been approved by the Research Ethics Committee
of Shiraz University of Medical Sciences.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results
The results of independent t-tests showed that SEBT

scores were significantly lower in the seated group com-
pared with the non-seated group. The individuals in the seated

Table 2. Results of independent t-tests for star excursion balance test scores

Group
Test direction Seated (n = 50) Non-seated (n = 50) Significance (2-tailed test)
Right Left Right Left Right leg as the Left leg as the
(mean + SD) (mean £ SD) (mean + SD) (mean £ SD) stance limb stance limb
Anterior 107.69 + 14.18 | 108.03 + 13.41 126.64 + 11.21 130.46 + 11.88 <0.01 < 0.01
Anterolateral 100.06 + 10.72 101.05 £ 13.67 120.96 + 20.55 119.82 + 18.70 < 0.01 <0.01
Lateral 73.86 + 14.16 72.34 + 13.88 96.43 + 18.37 98.77 + 17.66 <0.01 <0.01
Posterolateral 78.39 + 16.30 76.43 + 12.51 106.53 + 16.60 | 105.57 + 19.40 <0.01 < 0.01
Posterior 81.49 + 13.34 80.62 + 14.28 | 108.19 + 15.50 | 110.64 + 23.60 <0.01 <0.01
Posteromedial 164.98 + 43.47 | 153.83 +40.29 | 139.22 +54.40 | 139.52 + 40.88 < 0.01 <0.01
Medial 103.51 +11.66 | 103.91 +23.37 | 127.23+17.25 | 127.58 +20.15 <0.01 <0.01
Anteromedial 112.04 +12.84 | 110.68 +15.40 | 132.53 +15.28 | 138.72 + 18.24 <0.01 <0.01
Composite Score 11525+ 11.36 | 113.36 £ 11.23 | 144.72 + 14.51 146.38 + 16.50 <0.01 <0.01

All scores are given in cm.
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group had significantly shorter reach distances than those
in the non-seated group for all directions in the SEBT, and
for both the left and right leg as the stance limb (Table 2).

Discussion

The findings of this study show that sitting for prolonged
periods at work was associated with reduced balance. To
our knowledge, there are no similar studies designed to
compare dynamic balance in employees who work while
seated vs. those who work mostly in a non-seated position,
which precludes comparisons of our results with previous
research. However, findings consistent with our results were
reported by Sendergaard et al. [15]. The authors investigated
postural control during sitting and observed increased stan-
dard deviations for the centre of pressure and decreased
complexity of sitting posture after prolonged sitting. These can
be considered possible factors that contribute to impaired
balance in persons who remain seated for long periods while
at work.

The supporting surface is increased while sitting, and core
muscle activity is reduced. Instead, passive lumbopelvic
structures maintain posture against gravity [16]. Core mus-
cles such as the lumbopelvic and hip muscles are located
in the centre of the movement chain, and produce, transport,
and control energy throughout the full functional kinetic chain
[17, 18]. Thus, a prolonged decrease in core muscle activity
may cause maladaptation in the motor control system and
lead to dysfunctions in overall stability along with musculo-
skeletal disorders [19]. Therefore, the reduced balance in our
seated position group may be related to the lowered core
muscle activity due to prolonged sitting.

Another possible reason for the impaired core muscle
function and lower balance in our seated position group com-
pared with the non-seated position group may be the devel-
opment of creep phenomena during prolonged sitting. These
phenomena occur after a continuous load due to collagen
matrix disruption and interstitial fluid compression. The in-
duced load can change the mechanical properties of visco-
elastic materials, resulting in muscle fatigue [20, 21]. Moreover,
there is evidence that creep and prolonged tension may
change mechanoreceptor thresholds in viscoelastic paraspinal
tissues, which may in turn lead to delayed muscle reflexes
[22]. Therefore, the impaired balance in our seated position
group may have also been a result of delayed core muscle
reflexes.

A further factor to consider is that prolonged sitting places
a greater load on lumbar viscoelastic structures, especially on
the intervertebral discs. This can be another reason for im-
paired core muscle function and impaired balance in sitting
positions compared with standing positions. It has been re-
ported that pressures within the intervertebral disc during
sitting are approximately twice as high as in the standing
position [23].

Solomonow et al. [21] proposed that the creep in visco-
elastic tissues recovered during a subsequent 7-hour rest.
However, spasms and acute soft tissue inflammation were
observed early in the recovery period, and 48 hours were
required for full recovery [20, 21]. It is possible that full re-
covery did not occur in employees who worked while seated
for prolonged periods, leading to spasms and accumulated
inflammation, which caused musculoskeletal disorders and
balance deficiency.

The SEBT is considered a measure of neuromuscular
control; thus, individuals with lower scores are assumed to
have lower levels of neuromuscular integration, which in turn

may constitute a risk factor for injuries [13]. Accordingly, lower
performance on the SEBT in our seated position group sug-
gests that prolonged occupational sitting is associated not
only with decreased core muscle function, but also with some
degree of neuromuscular control impairment. Although most
participants in the present study were right-footed, the SEBT
results were the same for the left and right limbs. This is con-
sistent with findings reported by Demura and Yamada [24],
but contrasts with a previous study in which neuromuscular
function was found to be lower in the non-dominant leg
than in the dominant limb [25].

Limitations and strengths

Our study is the first to evaluate dynamic balance with
the SEBT in employees working in a seated compared with
a non-seated position. However, an unequal proportion of
male and female participants in our 2 groups and the use of
a relatively young and healthy sample are the main limita-
tions of our study. In addition, we did not evaluate the mag-
nitude of physical activity or physical fitness in either group.
Because these factors may affect the SEBT results, future
studies based on similar methods should assess physical
activity and physical fitness.

Conclusions

The findings of the present study show that dynamic stabil-
ity was lower in employees who worked for prolonged peri-
ods in a seated position than in their counterparts working
mostly in a non-seated position.
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