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Correct body posture is a balanced musculoskeletal body position;
however, today many people face severe posture defects, and
their body posture may be far from normal, causing progressive
musculoskeletal deformities and pain, as well as affecting the
functionality and appearance of the body. Human daily habits, lack
of physical activities and overall a sedentary lifestyle cause such
phenomena. The research focuses on studies of human body
measurements and body characteristics while wearing posture-
corrective equipment for the assessment of the effectiveness of
different posture correctors (PoC). Four test-persons were
selected and scanned using 3D anthropometrical scanner in
relaxed stand position wearing five different posture correctors for
a prolonged period of time in order to determine the effectiveness
and functionality of each PoC. Four distance (linear) human body
measurements were gained to quantify postural changes -
scapula position depth, upper torso position, shoulder projection
height and hip-waist depth. General feedbacks on each subject
impression of wearing PoCs were also received. Correction of
posture could serve as a preventive or treatment for spine-related
problems; though, commercially available correctors could
negatively affect wearer’s health due to non-conformity of the
design and/or used material. Therefore, PoC selection and
wearing procedures should be solved with more personalized and
customized approaches.
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1 Introduction

Almost every person faces posture defects. The main reason that leads to the wrong posture and
resulting health problems is back muscle weakness caused by lack of body movements or physical
activities (unless postural defects are congenital or caused by disease). The human body movement
system is strengthened insufficiently due to the lack of physical activities. One of the symptoms is back
pain, though discovering the cause of it is not always easy. Normalization of posture could serve as a
preventive measure or treatment for back pain or sprains [1-3]. The main functions of posture correctors
(PoCs) are to correct body posture, as well as to relieve back and neck pain [1]. Mostly such PoCs are
intended to help a person maintain a correct body posture and, if necessary, for spinal support. The most
obvious method for determination of posture garment effects on wearer's posture is the assessment of
postural changes [4-7].

There are various types of belts, bandages, back supports and posture correctors available on the
market that could help with correcting posture defects. However, the use of such commercially available
products daily could be cumbersome due to unsuitable choice of textiles and design deficiencies;
moreover, they could cause skin irritation and limited mobility [6]. To evaluate the effects of different PoC
products, four test-persons were selected to test and analyze five posture correctors.

2 Posture disorders and means of their correction

Posture is defined as the relative position of body parts to a physical position, such as standing, lying,
and sitting. Correct posture — a straight spine in relation to the medial plane that supports the natural
curve of the spine, maintaining the balance of muscles and skeleton [4]. This balanced musculoskeletal
position protects the supporting structures of the body and prevents damage or progressive deformation
in all positions, including standing, lying, and sitting [2,4].

The importance of the right body posture and particularly emphasizing the right posture while sitting
should be promoted. In most cases, the occurrence of poor posture is affected by human habits, such as
back bending or leg crossing, sedentary work, use of smart devices, and generally sessile lifestyle
without proper physical activities. If taking a poor posture becomes a habit at an early age, a person who
maintains this posture becomes accustomed to it and even feels comfortable, thus causing tension in the
spine, pelvis, muscles, tendons, joints, bones and discs, leading to fatigue and spine deformations [8].
Spinal injuries mostly occur in young and actively working people (as a result of high traumatic energies),
relatively less often in older people with osteoporosis (as a result of minimal influencing energies).

2.1 Posture disorders

The spine of an adult has the shape of the letter “S”: in the neck and lumbar region the spine is curved
forward (lordosis), while in the chest and sacrum the spine forms two curves backwards (kyphosis). Due
to its curved shape, the spine can absorb pushes and convulsions, and therefore it oscillates flexibly as a
person walks, jumps and runs. From a physical medicine point of view, a posture is a balance of muscles
and skeleton that protects the body’s supporting structures from damage or progressive deformation
regardless of its position (lying, sitting on a squat or leaning), in which these structures work or rest [8].
Posture asymmetries can be progressive and affect functional activities, as maintaining the wrong
posture for a prolonged period of time causes significant strain on the spine [9-12]. Postural disorders
can be caused by a variety of reasons:

spinal asymmetries (scoliosis, kyphosis, lordosis)
injuries/traumas (clavicle injury, axial skeleton injury, et al.)

diseases (Scheuermann’s disease, osteoporosis, et at.).
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2.2 Posture correctors

Various methods are used to treat diseases of the spine and joints, including orthopedic products called
orthoses. Orthoses are functional orthopedic aids to change the structural and functional properties of
the musculoskeletal system, to immobilize, relieve or correct a diseased spine or limb, including various
medical bandages, collars, corsets, belts, etc. The main task of orthoses is to ensure temporary and
secure immobilization of certain muscles and skeletal system segments, as well as to compensate
functionally deficient limbs and body parts. The period of wearing the orthoses is regulated by a doctor,
and they can be produced individually or in series [9,13]. Orthoses (belts/corsets/vests) are used to
reduce pain, protect against further damage, help weak muscles, and prevent or help to correct the
deformity by maintaining torso alignment through passive force [13,14].

Various means are used to correct posture and relieve back pain:
sitting support devices (cushions, Swiss ball chairs, et al.)
kinesiology tape

Posture braces/Orthosis (full spine brace/reclinator, upper back brace/cross-back elastic brace,
electronic posture reminder, et al.).

The variety of patents includes various posture correction solutions from textiles or partial use of textiles
— such as posture correction girdles [15], spinal orthoses [16,17], posture vests [18], therapeutic
garment systems [19] and other posture support devices [20,21,22].

In this study five posture correctors — three upper back brace and two full spine brace — were analyzed,
see Fig. 1:

PoC # 1 cross-back elastic brace with wide straps

PoC # 2 cross-back elastic brace with narrow straps

PoC # 4 reclinator with half waist belt

PoC # 4 reclinator with full waist belt.

PoC # 3 cross-back elastic brace with wide hemmed straps and narrowing of the straps in the area of the
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Fig. 1 (a-c) Upper back brace; (d,e) full spine brace.
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3 Testing of posture correctors
31 Method

Test subjects were scanned using 3D human body scanning device Vitus Smart XXL ®. The scanning
was performed six times in a time frame of one work-day for each posture corrector: at the beginning of
the day without posture corrector and with posture corrector, three times every two hours while wearing
posture corrector, the last time — after wearing period of six hours — without posture corrector. Each
scanning set was conducted as follows: one set consisted of three scans; after each scan the test
subject was asked to step off the scanner platform and step again back on it. All participants were
scanned while wearing their underwear and standing in a natural/relaxed posture.
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Fig. 2 Measurements determining the change of posture.

Four linear human body measurements were selected to determine postural changes — scapula position
depth (LVdz), upper torso position (Ks), shoulder projection height (Psh) and hip-waist depth (GVdz),
see Fig. 2. The obtained measurements were summarized, and the median value was selected (from all
three scans of each test set). The use of an arithmetic mean value was not appropriate due to the
uniformity of the human body. Selecting values that did not correspond in any of the cases was not in
accordance with the methodology; therefore a scan with medial measurements from all three
measurements was accepted as the calculation model.

The analysis of the data took into account both — the effect of each posture corrector on the test subject
and the effect on individual measurements.

3.2 Test-persons

To determine the effects of each PoC on wearer’s posture, four test subjects were selected — women
aged 25 to 35 years (each was assigned a letter designation: A to D). All test subjects have a slender
body structure (see Table 1) and moderately developed musculature. The test-person A has no posture
or spine defects, is physically well developed, but not trained. As for other test subjects, this person has
mild back problems — the prominence of the scapula, scoliotic and/or kyphotic changes.

Test-person A was a reference test-person without back problems and with the best trained (but not
athlete’s) body; respectively, posture certainty and repeatability for this person was the highest, while
test-person C had the most uncertain physical fitness and could be the most easily influenced, and
posture correctors are expected to give the best result to test-person C.
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Table 1. Characteristics of test-persons.

Person: A B C D
Body height (cm) 173 159 167 164
Horizontal bust girth (cm) 97 88 93 90
Hip girth (cm) 95 93 93 93
Weight (kg) 64 51 58 51

3.3  Analysis of data

After testing the posture correctors, graphs were drawn up for each test subject, including all stages
(scanning sets) of the experiment, showing the changes of the four previously selected human body
measurements (LVdz, Ks, Psh, GVdz) (see Fig. 3).

Test-person A, PoC#1
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without PoC 1. 2. 3. 4. without PoC
—LVdz A 4,5 4,1 2,9 33 2,6 33
—Ks A 5,3 6.4 5,9 5,9 5,9 4,6
= Psh A 6,7 5,3 5,4 5,8 5,1 5,8
GVdz A 4.5 4.4 3,7 4,1 3,8 4,3

Fig. 3 Effect of PoC#1 to the test-person A.

According to the change in the measurement visible from the graph, the effect of PoC was evaluated in
comparison to the first scan without PoC. If the value is greater than or equal to the original (a positive
value indicates a bent posture, a negative value indicates that no change was observed), then the stage
was marked with O, if less, then with 1. The obtained binary scores were summed to describe the extent
to which the PoC affects the particular measurement. The last column “without PoC” determines how the
test-subject’s posture as a whole was affected by evaluating it without posture corrector at the end of the
experiment — positively or negatively according to the same comparison method (see Table 2).

Table 2. Analysis of effect of PoC#1 to the test-person A

Test# 1. 2. 3. 4. > without
Measuremen PoC

LVdz 1 1 1 1 4 1
Ks 0 0 0 0 0 1
Psh 1 1 1 1 4 1
GVdz 1 1 1 1 4 1

Such comparison method was used for all measurements and the overall impact of PoC. After a binary
comparison which is to assess all properties in pairs — if one is evaluated as better than other, it is
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marked as 1, if properties (PoCs) are with equal impact, both are marked as 0.5 (see Table 3), it was
concluded that regardless of whether or not there is a narrowing of the straps in the area of shoulders
and armpits, PoC # 1 and PoC # 2 affected the test subjects in the same way and that the result for each
test-person was more dependent on their physiological features.

To support the data, a posture test was performed on test subjects A and C without PoC. The
experimental procedure was the same as using PoC. These tests showed only insignificant changes in
stature (also posture), which confirms the effect of PoC on test subjects.

Table 3. Binary comparison of the effect of PoC on the test-person.

Effect on the test-person  PoC#1 PoC#2 PoC#3 PoC#4 PoC#5 >
PoC#1 person A 1 4
PoC#2 person A 0

PoC#3 person A
PoC#4 person A
PoC#5 person A
PoC#1 person B
PoC#2 personB
PoC#3 person B
PoC#4 person B
PoC#5 personB
PoC#1 person C
PoC#2 person C
PoC#3 personC
PoC#4 person C
PoC#5 person C
PoC#1 personD
PoC#2 personD
PoC#3 personD
PoC#4 personD
PoC#5 personD

According to the binary comparison and its summary results, it could be concluded that there were no
favorites among posture correctors — each PoC reacts to each test-person differently.

Similar conclusions could be drawn from listening to test subjects, for example, test subject A had a
good impression of the effects of PoC # 1 on posture and well-being, while test subject C immediately
felt uncomfortable when putting on PoC # 1. The same could be said for all PoCs.

4 Conclusions

Based on the medical literature and research on posture improvement, it has been concluded that an
ideal or correct posture requires a balanced body position and proportion. Today, on the other hand,
people’s social and private lives are dominated by bad habits, such as bending over while studying and
working, using computers and smart devices too often, carrying heavy bags, using desks and stools that
are not appropriate in height for a person’s body, lack of health education and physical activity. All these
factors affect muscle shape, deform skeleton and cause malformations that prevent proper posture. A
good, correct posture helps a person to participate in active and healthy life, as well as to achieve a good
body appearance.

Compression of soft tissues while wearing a posture corrector negatively affects certain aspects of the
normal psychological balance of the human body and can also become a health risk factor. When
choosing PoC, the patient must pay attention to the design aspects of PoC that could determine wearing
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comfort — narrowing of the straps in the area of shoulders and armpits. To avoid skin irritation, PoC is
recommended to be worn on tight-fitting garments.

Measurements confirm that the proportional relationships of human lordosis and kyphosis do not change
correlatively; therefore, spinal change analysis is a task with a lot of room for data interpretation.
Regardless of the design (pattern) and type of PoC, the back muscles relax after just a few hours, which
rapidly reduces the product’s effectiveness and functional properties, meaning that not only the PoC
itself must be personalized, but also the wearing time, regularity and intensity must be coordinated for
each individual.

Future studies should include a method to correlate test-persons’ views with the effects of the tested
PoC on a person’s posture. The trend of the currently analyzed statements suggests that if the test
subject has psychological and physiological objections, this results in a worse effect of PoC on the test
subject’s posture corrections. To refine the experimental data, the measurements should be repeated
under the same conditions for several days to exclude the effects of a particular mood. Such
measurements are very time consuming and place limitations on test subjects to perform their casual
routine duties.
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