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I Abstract

Introduction. Year after year, we spend an increasing amount of time in a sitting position. Often, we sit with poor posture, as
indicated by numerous pain syndromes within the musculoskeletal system. Several reports confirm that body posture and
the amount of time spent in a seated position have extensive implications for our health. Previous studies and a literature
review suggest there is limited knowledge regarding an ergonomic sitting position.

Objective. The aim of the study was to analyze the research relating to a proper sitting position and the consequences of
incorrect sitting posture. A database search was conducted in Science Direct, Scopus, PubMed, Medline, and Google Scholar.
Selection was made on the basis of titles, then abstracts and full texts of the studies. No limits were applied to the date of
publication.

Conclusions. Incorrect sitting posture contributes to many disorders, especially in the cervical and lumbar spine. It also
determines the work of the respiratory system. Most authors suggest that maintenance of the physiological curvature
of the spine is crucial for the biomechanics of the sitting position, as well as the location of the head and position of the
pelvis. It raises awareness of work-related hazards and the introduction of education on the principles of proper seating.
It is necessary to draw attention to the risks associated with work performed in a sitting posture, and education on the

principles of ergonomical sitting.
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INTRODUCTION

Many of us now spend the majority of our waking time in a
sitting position: at school, driving a car, watching TV, and
above all, working at a desk and with a computer. Often, our
sitting position is

incorrect, as evidenced by the presence of numerous
musculoskeletal pain syndromes. Such problems are mostly
prevalent among people who spend many hours working with
a computer [1]. According to the National Statistical Office,
there is constant growth of people owning a computer, and
an extensive Internet network favours a drastic increase
in time spent in a sitting position. In 1997, the number of
hours per week spent in front of a monitor was 5.9 hours,
and in 2003 - 14.6 hours [2]. According to research from
2012, 51-68% of young people prefer a sedentary life style,
27-44% include a small physical activity in their free time,
and only 5% have a high physical activity during the day. The
sitting position requires only minimal energy expenditure,
in an amount of 1.0-1.5 METs [3]. Several reports confirm
that the manner and the time spent in a sitting position has
extensive implications for our health. Previous research
suggests a paucity of knowledge regarding an ergonomic
sitting position.
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OBJECTIVES

1. Literature review and summary of results relating to a
sitting position.

2. Analysis of the consequences of incorrect sitting.

3. Characteristics of the correct sitting position.

MATERIALS AND METHOD

For the purposes of this study, database searches conducted
in Science Direct, Scopus, PubMed, Medline, and Google
Scholar. The key words used were: sitting posture, chair
design, chest wall during sitting, ergonomic sitting, office
work. The selection was made on the basis of titles and
abstracts and full texts of works. No limits were applied to
the date of publication.

The total number of examined people in the analyzed
publications amounted to 438 people. Due to the different
nature of the research, the age range of the examined
participants was very wide, from 18 - 74 years of age.

Measurement methods that were used in the included
articles: 3D electromagnetic cracking system, ultrasound-
ULTRASONIX-ES500, EMG, plethysmograph, pneumo-
tahograf, spirometer, palpation, VAS, X-ray examination,
posturography, and range of motion in the joints.

Effects of sitting position on the cervical spine. Office
staff are a professional group characterized by sedentary
working conditions. Spending many hours in a ‘supposedly’
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comfortable position working at the computer with minimal
physical exertion, predisposes to the formation of complaints
on the part of the musculoskeletal system. This occupational
group became the inspiration for the design and construction
of seats, favouring the adoption of physiological posture and
movement while ensuring static ‘activity’ [2, 3, 4].

Some of the most common symptoms reported by office
workers are headache and neck pain with referred pain to
the upper limb [5, 6]. Szeto indicates the causes of these
symptoms as long-term muscle tension of the neck and
shoulder muscles, which stabilize the head during excessive
neck bending. This is not only a burden for soft-tissue
structures, but also for the joints of the spine, especially in
the cervical-thoracic junction [4].

Both Jung-Ho [2] and Groszek [4] claim that a constant
position with excessive neck bending causes upper cross
syndrome, characterized by weakening of the deep muscles
of the neck, rhomboids and serratus anterior muscles, and
hypertension in the pectorales and upper trapezius muscles.
According to Janda’s Classification of Muscle Imbalance
Patterns, weakness from muscle imbalance results from
reciprocal inhibition of the tight antagonist [8]. The degree
of soft tissue tension, emphasized by Caneiro [9], is largely
dependent on the sitting posture. The researcher described
three types of standardized thoraco-lumbar sitting postures:
lumbo-pelvic, thoracic upright and slump. He estimated
the correlation between the most commonly used sitting
positions and muscle activity, and concluded that sitting in
a slump position significantly increases tension in the neck
extensors, as well as the pectoral muscles, as a result of anterior
head translation. Furthermore, this position increases neck
flexion, thereby reducing lower cervical lordosis, causing an
increase in thoracic kyphosis. The combination of increased
tension in neck extensors and flexion of the cervical spine
creates regions of stress in the neck, resulting in postural pain
syndromes [9]. Adopting this sitting posture during office
tasks causes contraction of the chest muscles, limiting their
mobility and thus disturbing humeroscapular rhythm [4].

Itis worth noting that the head accounts for approximately
one-seventh of the total body weight, and that the typical
location of computer display units contributes to anterior
head translation, causing an additional challenge for the
muscles of the neck, shoulders and upper limbs.

This may result in increased muscle tension, soft tissue
shortening, weakness of the ligamentous structures,
tendonitis, degenerative changes, and pressure on the nerves
originating from the cervical spine [10, 11].

Ming [10] cites additional reasons for the development
of neck pain syndromes and shoulder pain in people
performing office tasks: repetition of movements, awkward
or uncomfortably positioned upper limbs associated with an
increased flexion or deviation of the hand, lack of workplace
adjustments (no seat height adjustment, poor lighting) and
individual predispositions arising from gender, age, weight,
habits, the existence of possible deformation [10, 11, 12, 13].

The research of Jung-Ho complements these studies,
emphasizing the correlation of forward head posture and
balance disturbances in office workers [2].

Effects of sitting posture on the lumbar spine. A sedentary
lifestyle is widely recognized as one of the risk factors for
low back pain and many authors see long-term effects of
overloading these anatomical structures [4, 14].

Table 1. Consequences of disturbed head position while sitting

Author Group size Type of study Consequences
20 people
Fernandes- with chronic . Active trigger points in the area of
Palpation, L2 N
de-Las- headaches 20 scales VAS sub occipital muscles contributing
Penans[6] peoplein the to headache
control group
Upper cross syndrome
73 office characterized by deep cervical
Szeto [7] EMG flexors weakness and increased
workers [
tension in the pectoral and upper
trapezius muscles
Increases tension in neck extensors
20 people and flexion of the cervical spine
Caneiro [9]  without EMG creates regions of stress in the
symptoms neck, resulting in postural pain
syndroms
i%?lz::and Computerized
Jung-Ho [2] dynamic balance disturbances
30 control osturoaranh
subjects p grapny

Slump posture eliminates the correct curvature of the spine
and increases pressure on the intervertebral discs, in which
the front portion is compressed and the back stretched. This
situation leads to a backward shift of the nucleus pulposus,
which over time can lead to the development of disc
herniation. Typically, selected seats are those with a backrest.
Morla and Bradl showed significant differences between seats
with and without backrests. Their results confirm that the
seat without back support preserves lumbar lordosis and is
accompanied by reduced muscle tension in the lumbar region.
In contrast, a seatback predisposes to kyphotic position,
flattening the lumbar lordosis and contributes to posterior
pelvic tilt. [15]. The consequence of increased posterior pelvis
tilt are decreased activation of the multifidius and erector
spinae (longissimus) muscles, as well as a weakness of the
abdominal and buttock muscles [15]. Rasouli [16] confirms
the relationship between the slump postion and low activity
of the transversus abdominis muscle [16]. This position
also has consequences for the diaphragm, as it reduces
the amplitude of its movement and activates the accessory
inspiratory muscles of the upper-thoracic respiratory tract
[4]. Sitting in a slump position with decreased lumbar lordosis
increases the risk of reduced mobility in the shoulder girdle.
This was confirmed by the research of Kanalayanaphotporna
[17]. Comparing the most common sitting positions, he
showed that the greatest range of motion limitation in the
shoulder joint occurs when there is complete loss of lumbar
lordosis. A change in the setting of the lumbar spine position
in a sitting position is significantly related to changes in the
shoulder joint mobility in all directions [17].

The research by Lewis [18] supported this notion while
examining changes in thoracic kyphosis. He demonstrated
that a reduction of even a few degrees of thoracic kyphosis
can increase the painless range of motion in the shoulder.
Burnet, however, studying the effect of lumbar flexion on the
cervical-thoracic spine, concluded that there is no correlation
between lumbar spine flexion and tension in the cervico-
thoracic musculature [19].

Effect of sitting posture on the respiratory system and
mobility of the chest and diaphragm.

Body posture has been shown to affect respiratory function
and mobility of the chest and diaphragm [7, 20, 21]. Many
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reports indicate that the synchronized interaction of the
muscles of the neck, trunk, abdomen, shoulder and pelvic
girdle may be crucial for breathing activity.

Lee estimated the impact of different sitting positions,
such as: neutral, slump, with side-shift of the chest and with
the rotation and half-rotation of multi-directional changes
in the chest during breathing [20]. The results suggest that
even subtle differences in sitting posture influence both
the 3-dimensional mobility of the chest and tidal volume.
Lee concluded that a slumped position has the greatest
impact on the variables characterizing respiration. Lee
further confirmed the flexibility of the respiratory system
which enables adaptation to changes in body position and
stimulation of the appropriate muscles to work in order to
maintain the normal function of the respiratory system. This
relationship was most clearly observed with healthy subjects
without restrictions on the mobility of the chest. This is
possible because of advanced mechanisms which adjust the
respiratory apparatus to various conditions in which the
body exists [20].

Kaneko and Horie measured the 3-dimensional breathing
movement distances of the thorax and abdomen in healthy
subjects in a sitting position. They observed that, compared
to a standing position, sitting decreases the mobility of both
the chestand abdomen [21]. The existence of such interactions
was confirmed by Wang who evaluated the relationship
between movements of the chest wall and diaphragm in
healthy young people in a sitting position [22]. Similarly,
Romei confirmed that body posture has a significant impact
on the engagement of the chest and diaphragm during
breathing [23]. He used an optoelectronic plethysmograph
in a study with 34 participants. Each individual was tested
in 5 positions: sitting without a backrest, with the backrest
inclined at a sitting angle of about 80°, 2 reclining positions
with the backrest at an angle of approximately 65° and 40°,
and lying down. The participants were asked to breathe
naturally for 3 minutes in each position. Analysis of the
results confirmed the principle that amplitude of respiratory
movements on the thoracic tract decreased with a decreasing
backrest angle. Respiratory rate, tidal volume and minute
ventilation showed higher values in the sitting position
without support [23]. Lin showed that the slump position
when sitting results in a decrease in spirometric variables,
compared to a position maintaining the physiological spine
curvature [24].

The maintaining of spine curvature is also a condition
for correct diaphragm activity. The slump posture impairs
diaphragm breathing and increases upper respiratory tract
breathing [4,25]. Whitelaw and Rimmer demonstrated that
trunk rotation alters the activity of the intercostal, abdominal
and paraspinal muscles. They observed that competition
between respiratory and postural muscles depends on
the sitting position (slump, rotated) and determines the
breathing pattern [26,27].

Correct sitting posture. Analysis of the literature on sitting
posture demonstrates that it is the subject of regular and
ongoing research. Most authors focus their attention on
parts of the body which are at greatest risk of syndromes
emerging from incorrect sitting positions, among others, pain
syndromes of the lower or upper part of the spine, limitation
of chest mobility, abnormal activity and overtension of soft-
tissue structures, etc. Analysis has tended to be segmental

with no holistic assessment of sitting posture, serving to
underline the complexity of the problem. Research has not
yetyielded a useful guide to choosing the right chair, or chairs
suitable for specific occupations. There is also no widely
agreed methodology for assessing seat quality.

The sitting position requires less energy than standing.
Hence, we often sit to work and to rest, and sitting is often
the privilege of rulers. Sitting posture changed into various
forms, and with it developed the shape of the chairs and also
the different types of backrest, seat, upholstery and chair
sizes. New designs competed with each other in the aspects
of size, price and attractive appearance. In the nineteenth
century, Staffel, a German orthopedist, constructed a chair
recognized as the precursor of modern designs. Although
he emphasized the importance of lumbar support, he could
not explain the reason for it [14, 28]. in the 1980s, Majeske
and Buchanan argued the need for a roll supporting the
lumbar spine. They demonstrated that its use changes sitting
posture and helps maintain lumbar lordosis, thus preventing
lower back pain. Lumbar roll influences the anterial pelvis
tilt and affects the physiological curvature of the cervical,
thoracic and lumbar spine [29]. Lengsfeld also agreed with
the need to support the lower part of the spine. Additionally,
he highlighted the importance of the slope of the seat relative
to the floor. In his study, he observed changes in lumbar
lordosis in upright (vertical) and reclining positions. Chairs
with adjustable backrest were shown to affect intersegment
angles, particularly the L1-L2 and L4-L5, and were better able
to maintain lumbar lordosis than chairs without a backrest
[30]. Claus [31] and Scannell [32] found that sitting with the
so-called ‘long’ lordosis in the lower section of the spine is the
most correct, as it sets the spine in a physiological position. De
Cervalho’s research suggests that sitting with low back support
maintains the correct angle between the vertebrae L5/S1,
reducing tension and stretch of soft tissue, thereby preventing
overloading of the intervertebral disc at L4/L5. According to
De Cervalho, the natural position (physiological) reduces the
risk of overloading and discomfort, while increased lumbar
flexion predisposes the sitter to back pain syndrome [33,
34]. O’Sullivan, in collaboration with physiotherapists from
Germany, England, the Netherlands and Ireland, looked at
prevention of lumbar-sacral spine overloading while sitting.
As a result, 2 main sitting postures were distinguished: 1)
characterised by an extension in the lumbar and thoracic
spine, and 2) by maintaining physiological lumbar lordosis
and relaxation in the thoracic spine. The study showed that
both positions influence the reduction of discomfort in the
lower part of the spine [35, 36]. Numerous other authors have
recognized the need to maintain physiological lordosis while
sitting [31, 32, 33, 34, 37, 38, 39]. Claus [31] and Scannell [32]
showed that arterial pelvis tilt provides the least loading of
the spine. This position of the pelvis ensures physiological
curvature of the lower spine, since this reduces pressure
on the intervertebral discs, and also tension in soft-tissue
structures within the lower part of the body. It is not only
the pelvis which determines the quality of sitting posture.

Many authors point out the unique role of head position
[4, 40, 41, 42]. Corlett emphasizes the role of setting the
computer screen at eye level, as a condition for avoiding
overloading the muscles of the neck and shoulder girdle
[43, 44]. Burgess-Limerick studied cervical flexion when
setting the monitor at eye level and inclined at an angle of 30°
degrees. This setting was shown to reduce hyperextension in
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the C0-Cl and C1-C2 joints, which has a positive effect on the
cervical spine [40]. The afore-mentioned monitor angle has
also been documented in the literature review by Harrison
[41]. In turn, Ming indicates optimal the screen position to
be 15° degrees below the horizontal line of the eye (angle
between ear and eye) [10, 11]. Maintaining physiological
thoracic kyphosis while sitting can reduce global flexion of
the cervical spine, and thus the forward translation of the
head. The relationship is confirmed by a reduction of tension
in neck extensor muscles [9].

The setting of the upper limbs during the performance of
tasks such as typing, handling the mouse, manually filing
notes, etc., is also important. During the performance of these
activities, the hands should have full freedom of movement,
while the forearms and elbows should be supported by
armrests [4, 43, 44]. The location of the upper limbs during
different activities is as important as the position of the head.
The angle between the arm and forearm during typing,
for example, should be 100° (obtuse angle) [4, 10]. These
recommendations are important even in the prevention of
carpal tunnel syndrome and disorders of the shoulder girdle.

During long hours of work in a sitting position, the correct
positioning of the joints of the lower extremities is a further
important consideration. Leavitt recommended placement
of the feet in a slight flexion (0-15°) and support for the
props or the floor [14]. Other authors have emphasized
the potential for dorsi and plantar flexion movement to
activate the muscle pump and improve circulation [4, 43,
44]. Maintaining a small knee flexion and hip joint flexion
of 95-100°is recommended. This position provides anterior
pelvis tilt, which can be further magnified by sliding one
foot further forward [14, 43, 45].

In addition to correct body posture when working with
display equipment, both Ming [10] and Morl [15] highlight
the need for short breaks to enlarge the neck muscles,
together with relaxation techniques and regular exercise
to prevent increased muscle tension and overloading of the
musculoskeletal system.

CONCLUSIONS

The majority of the authors cited above agree that:

1) incorrect sitting posture contributes to many disorders,
especially in the cervical and lumbar spine; it also
determines respiratory system functioning;

2) maintaining physiological spine curvature when sitting
is crucial in the biomechanics of the sitting position;
head posture and position of the pelvis are particularly
important;

3)it is necessary to raise awareness of work-related hazards
and to introduce education regarding proper sitting
posture.
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