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At young ages the spinal column, which is the central support system of the human body, is susceptible to malformations, 

especially if the children are sitting in an incorrect position for long period. Our study examines the case of several 

elementary school students from a developed rural area. The aim of this study to analyze the impact of long sitting hours 

(5-6 hours) in incorrect position at on the normal standing up position at elementary school students. The study group for 

our study consisted of 80 elementary school students were recruited from a local rural elementary school. Each student was 

evaluated using a Kinect based system to determine their general standing up position. For 14 weeks, twice a week, each 

student has executed 5 type of Schroth exercises to improve their general body position. The first evaluation has shown that 

the students general standing up position is affected from the long sitting hours in the school benches. Most of them have 

shown misalignments at the shoulder and hip levels. In many cases one of the shoulders was higher than the other and the 

same is true for the hips as well. After 14 weeks of physiotherapy based on Schroth exercises the miss alignments were 

reduced to a bare minim. The results have shown that long sitting hours in incorrect positions can affect the spinal column 

and the standing up posture of the human body. In many cases malicious postures start to develop from childhood. If not 

treated they can transform in hyper-kyphotic and scoliotic postures which can induce other complications. If these malicious 

postures are observed in early stages of the children and with only 2 hours a week of physiotherapy based on Schroth 

exercise the postures can be corrected and the hyper-kyphotic and scoliotic postures can be avoided. 
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The spinal column represents the axial support element of the human body. The spinal column is made up of bones called 

vertebrae. The spinal column is made up of 31 segments: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral and 4-5 coccygeal [1]. 

The vertebrae from the cervical, thoracic and lumbar section are independent one from another providing better mobility 

for de spinal cord. The vertebrae from the sacral and coccygeal segments are fused having lower mobility. In general, the 

spinal cord has an average length of 63 cm at females and 73 cm for males. This length represents 40% of a person’s height.  

The spinal cord can develop two types of curvatures: one curvature on the sagittal plane and one curvature on the frontal 

plane. The sagittal curvatures are called lordosis and kyphosis. The lordosis is the normal inward curvature of lumbar and 

cervical region. The kyphosis is the normal outward curvature in the thoracic and sacral regions. If these normal curvatures 

are exaggerated hyper-scoliosis and hype-kyphosis can appear [2,3]. 

The spinal column in the human body has three important functional roles: 

-The protection of the spinal cord. This is achieved by the bone layer of the vertebral canal. This is formed by overlapping 

hollow interior structure of the vertebral bodies and spinal arches of the vertebrae. 

-The support of the upper body: In standing up position the spinal column has the function of supporting the head, trunk 

and upper limbs by channelling the whole weight of the upper body to the lower limbs. The amplification of the spinal 

cord’s natural curvatures can lead to pathological curvatures. The accentuation of the posterior convexity of the spinal cord 

is the characteristics of the hyper-kyphosis. The accentuation of the anterior convexity of the cord is the characteristics of 

the hyper-lordosis. These spinal pathological curvatures can be hereditary or developed over time. These pathological 

curvatures can affect the normal functions of the vital organs. 
-Biomechanical role: The third role of the spinal column is to ensure the mobility of the upper body. Because of its 

unique structure the trunk of the body can execute numerous and ample movements. 
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The spinal column can develop several type of abnormalities [4]: 

-Chondromas: These are benign cartilaginous tumors developed on congenital remains of the notochord [5]. 

-Spina bifida or posterior rachischisis is a malformation characterized by lack of spinal cord and incomplete closure of 

the neural tube in that region. It has an increased frequency in the lower lumbar region and the sacral region [6]. 

-Rachischisis anterior is the ventral longitudinal cleft of some vertebral bodies [7]. 

-Spondiloschizis is the lack of union or sinostosis of the vertebral arch with the vertebral body [8]. 

-Congenital platispondilia [9] occurs by stopping the growth of the vertebral body, and hemivertebra is the development 

of only half the vertebra. 

Scoliosis is a chronic, evolutionary disease over time characterized by one or more lateral curvature of the spinal column. 

These vertebral column curvatures are observable in the frontal plane, being associated with the rotation of the vertebrae. 

This pathology (scoliosis) has a major impact on the morphology and functionality of the human body. Over time there are 

important repercussions for the whole organism [10]. It affects between 3% and 30% of the population. The incidence of 

scoliosis increases with the persons age [11]. Scoliosis does not have a well established etiology. In the last studies, a 

particular role of genetics is identified, it is assumed that the chromosomes 6, 9, 16, 17 are involved in the case of idiopathic 

scoliosis [11]. The appearance of scoliosis can also be determined by the following factors: growth hormone secretion, 

connective tissue structure, adrenal dysfunction, thyroid dysfunction, vestibular dysfunction, melatonin secretion, a 

microcittic platelets structure and a propioceptive mechanism failure of patients [12]. The Hueter-Volkmann principle points 

out that some compressive forces are involved in skeletal deformations, thus preventing it from increasing, and by reducing 

these forces an acceleration of skeletal growth occurs [13,14]. 

 

Scoliosis classification: 

-Non-structural / functional scoliosis includes the following types of scoliosis: postural, compensatory, professional, 

from hearing disorders, vision and from vertebral body tumors.\ 

-Transient scoliosis includes scoliosis types that are reduced by treatment of the underlying disease, sciatic scoliosis, 

antalgic, vertebral backbone carditis, scoliosis from hysteria and scoliosis of inflammatory nature [15] 

 

Structural scoliosis: 

Congenital Scoliosis:  

-It is an abnormal development of the spine, generated by incorrect formation of the vertebrae. This error occurs during 

embryo formation sometime very early in the first six weeks of the embryo. There are no specific studies to criminalize the 

fact that congenital scoliosis is transmitted within the family. Depending on the symptomatology generated by this 

congenital scoliosis, it can be discovered at birth, in childhood, and sometimes even in adolescence or at maturity [16] 

 Idiopathic scoliosis: 

-Infantile scoliosis: In this category are the scoliosis diagnosed after birth until the age of 3 years. Approximately 1% of 

the diagnosed idiotic scoliosis is included here, and 60% of the patients are male. This type of scoliosis involves two 

etiologies: the first to criminalize a bending of the spine from birth with a progressive worsening of it, and the second theory 

suggests that a child who slept in the dorsal decubitus will develop both plagiocephaly and scoliosis. There are more cases 

of progressive scoliosis in Europe than in the United States, suggesting genetic involvement in the appearance of scoliosis. 

Infantile scoliosis is associated with congenital hip dysplasia, mental deficiency, plagiocephaly and congenital heart defects 

[17] 

-Juvenile scoliosis: Juvenile scoliosis is diagnosed for the first time in children with age 3 to 10 years. This scoliosis 

comprises 10% -15% of idiopathic scoliosis diagnosed at children. At the beginning of this period, boys are mostly affected, 

and at the end of this decade the female population is more affected [18]. 

-Idiopathic scoliosis of the teenagers starts between 10-18 years. 

- Neuromuscular scoliosis is favored by the injury of the superior motor neuron in the following diseases: cerebral palsy, 

Friedreich's ataxia, Charcot-Marie-Tooth disease, spinal cord injuries, spinal cord tumors, siringomielia, Roussy-Levy 

syndrome, and lower motor neuron injury of the following diseases: poliomyelitis, viral meningitis, Riley-Day syndrome, 

muscle dystrophy [19] and in myotonic dystrophy, congenital hypotonia, myelomeningocelulus and spina bifida. 

- Musculoskeletal scoliosis may be caused by: lower limb symmetry, congenital hip dysplasia, imperfect osteogenesis, 

Klippel-Feil Syndrome. 

Favoring factors: Incorrect and prolonged time in sitting position of the children, inadequate weight of the schoolbag, 

wearing the backpack on a single shoulder, ophthalmic pathologies not having optic correction, lack of physical activity 

with high Body Mass Index (BMI) and decreased muscle tone 

The treatment of medical recovery is represented in children of physiotherapy. 
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The goals of medical recovery are: to reduce pain, increase mobility, increase flexibility, tonify the paravertebral and 

abdominal muscles, acquire a correct posture, maintain the right posture throughout the day, make daily activities easier 

and painless, adjust daily activities and the environment working on sickness, conducting the physiotherapy program at 

home [20]. 

 

Physiotherapy 

Through classical physiotherapy, the patient can [21]: Get rid of pain and functional limitations, prevent aggravation of 

spinal pathology during hormonal imbalances, stabilize spinal curvature, increase muscle tone and daily activity, improve 

proprioception, increase resistance to effort. 

Types of exercises used in scoliosis: 

-Symmetrical exercises, through which they try the stretching of the abdominal muscles, 

-Breathing exercises, they aim at increasing the lung capacity and increasing the mobility and flexibility of the chest, 

-Asymmetric exercises, they aim at elongation of the shortened and contracted muscles, 

Static exercises: these are tractions and hangs, they aim at reducing tension in the spine. 

 

Objective 

The aim of this study to analyze the impact of long sitting hours (5-6 hours) in incorrect position at elementary school 

students on their normal standing up position. The secondary aim is to find a solution to neutralize the affects of long sitting 

hours and to correct the malicious standing up posture by applying physiotherapy using Schroth type exercises applied twice 

a week. 

 

Experimental part 

Materials and methods 

To conduct our study a sample of 80 elementary school students were recruited from a local rural elementary school. 

The sex distribution of the students was the following: 30 male students and 50 female students between the ages of 11 and 

15.  

Each participant’s parent signed a written medical informatory consent and a written consent in accordance with the 

Romanian GDPR legislation [22] Form the original sample group 2 male students and 3 female students were excluded due 

to the fact that they come in black clothes that rendered the data accusation impossible. The leggings and shirts worn by the 

students were black colored, color which absorbs the infrared scanning light emitted by the 3D scanner rendering the 

scanning impossible. The final age and sex distribution of the study sample is presented in Table 1. 
Table 1 

THE AGE AND SEX DISTRIBUTION OF THE STUDY GROUP 

Sex 11 

years 

12 

years 

13 

years 

14 

years 

15 

years 

Male 1 6 10 8 3 

Female 1 16 17 11 2 

 

Because the selected group is consisted of elementary school students wee need to take in consideration several other 

factors as well. We have selected the height and body mas index of the students to identify the scale of obesity among the 

participants in the study. The sex and height distribution are presented in table 2 and the body mass index sex distribution 

is presented in table 3. 

 
Table 2 

THE SEX AND HEIGHT DISTRIBUTION OF THE STUDY GROUP 

Sex 1.40-150 

m 

1.51-

1.60m 

1.61-

1.70m 

1.70+ 

m 

Male 2 3 12 8 

Female 6 9 23 2 

 
Table 3 

THE SEX AND BODY MAS INDEX DISTRIBUTION OF THE STUDY GROUP 

Sex 12-

17(underweight) 

17.1-23(normal) 23.1+ 

(overweight) 

Male 2 19 7 

Female 9 32 6 
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Physiotherapy exercises 

For the physiotherapy exercises the Schroth [23] method has been chosen. This type of therapy divides the upper trunk 

in 3 separate blocks (cervical, thoracic and lumbar) that can be moved against one another [23]. This method can correct 

the kyphotic and scoliotic postures by mirror monitoring and proprioceptive and exteroceptive stimulation. The exercises 

are based on the self-elongation of the spinal column, corrective breathing and muscle memory re-education to improve the 

overall upper body posture. This is achieved by changing the breathing patterns. By using a mirror, the patient can view 

itself and monitor how the malicious posture changes into a normal posture. 

The exercises which were prescribed for the patients are described below. There are 5 type of exercises that focuses on 

the hyper-kyphotic and scoliotic postures. 

1) The patient is in squatting position on the wall bars: the feet are on the second bar of the wall bars and the hands are 

positioned apart on the bar at the shoulder level.  

-To correct the hyper-kyphosis: the patient must execute the following movements: extend the legs, lower the 

buttocks and rock it gently back and forth and back to the starting position. Repeat this type of movement at least 5 

to 10 times. It is recommended to move the hands to the lower bars and bring the buttocks as close to the ground as 

fast as possible with the legs extended.  

-To correct the scoliosis: in the position described above guide the hip below the rib hump laterally, backwards 

and downwards to move the trunk into an oblique position. Keep this position during the movements described 

above. This widens the concave side of the spinal column. 

2) In an abducted position on the wall bars with the hands holding the bars at shoulder height the pelvis is moved 

backwards with an extended back.  

-To correct the hyper-kyphosis: elongate the trunk during inhalation. During exhalation the elbows are flexed 

and moved to the sides. Meanwhile, the back is kept stretched and the neck does not show lordosis. The head must 

touch the bar on which the hands rest. A minimal of 10 repetitions are required. 

-To correct the scoliosis: while aligning the pelvis, raise the upper body and head towards the concave side. The 

hip on the convex side starts a counteraction and the narrow front moves forward and upwards. This has the effect 

of widening the concave side. A minimal of 10 repetitions are required. 

3) Sitting cross legged with the back towards to the wall bars. They are grasping high and far apart, the elbows are 

slightly bent. In this position the lumbar and cervical lordosis are extended. The head can rest against a small board 

(optional). 

-To correct the hyper-kyphosis: During inhalation the hands pull strongly downwards while the head is pushed 

upwards and the sides must be stretched. During exhalation the head pushes backwards while the upper back moves 

away from the wall bars and the chest moves forwards. 

-To correct the scoliosis: the pelvis shifts towards the side of the rib hump, if is necessary corrective cushions 

can be put under and behind of the hip on the concave side. The upper body must be moved towards the concave 

side. Breathing: the convex side is pushed forward and upwards. The posterior concavities are pushed to the side, 

upwards and backwards. Maintain the resulting position and move the thorax away from the bars during exhalation. 

4) Sitting upright in front of a mirror, one pole is held in each hand in upright position with the elbows spread wide 

above the shoulder height. 

-To correct the hyper-kyphosis: the spine is moved upwards in a small serpentine movement and the is pulled 

upwards. The trunk is lifted out of the pelvis. Once the best possible height is achieved the flowing 

movements are executed: on inhalation the sides are pushed laterally and upwards, the lumber are 

backwards and upwards and the clavicles are pushed forwards and upwards. During exhalation the 

position should be stabilized and should be improved with each breath. 

-To correct the scoliosis: bodyweight must be shifted to the concave side and the pelvis and shoulder 

gridle derotated. Incline the head towards the concave side and turn chin to the convex side combined 

with an occipital push. Before tensioning the all muscles to form a muscle mantle the concave side must 

be arched as far as possible across the hip and rotated backwards. Contraction during exhalation must be 

strong enough to lift the body from the floor. 

5) Sitting upright on the floor in front of the mirror the hands are folded behind the head pulling it forwards to 

stretch the neck.  

-To correct the scoliosis: the head pushes against the hands. The elbows are spread as far apart as 

possible to permit optimal widening of the chest. When the hands are removed the head can be tilted 

backwards. 
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These exercises were executed by the elementary school students two times a week for one school semesters 

(14 weeks) at the physical education courses with 3 weeks of school break. The goal was to determine how much 

the students posture improves during this period. 

 
Data acquisition  

To represent using a digital model the orthostatic posture of the high school students we have chosen to scan 

the students using the Microsoft Kinect scanner. This scanner can create a digital skeleton of the scanned person 

without attaching any markers on the scanned subject. To detect if the scanned student may have a malicious 

posture the height and depth of each shoulder and hips were measured individually and a difference between these 

measurements were computed. These values were recorded in two steps: first step was to record the values while 

the patient was facing the scanner and in the second step the patient was standing with his back facing the scanner. 

The Kinect is a system complementary to those existing and known [24] using expensive medical equipment 

and radiant.This is an optical system that can identify the major joints of the human body using an infrared laser. 

Each major joint in the body has assigned numeric values assigned three position in space. Using these spatial 

data the system generates a virtual skeleton of the patient and using the data above we can achieve a graphical 

representation of posture. This graphical representation and major joints recognized by Kinect are shown in figure 

1. 

                                           
Fig. 1.  Virtual skeleton made by Kinect and the recognized major joints 

Previous studies show that even if the sensor Kinect has an optimal price, it is able to determine the postural 

position of a patient [25], [26]. 

Kinect-based recovery systems have been developed for analyzing rehabilitation exercises done by the patient. 

One such system simply compares the exercises made by the patient with a videotape of a physical therapist who 

perform these exercises [27]. This system is totally inflexebil because they can not achieve changes to the exercise 

plan. 

By using the Kinect system, applications were developed to assess Up and Go test which requires getting up 

from a chair and normal walking, 10 meter walk test and finally measuring the angles of movement of the upper 

limbs [28]. 

In the field of motor recovery there are multiple complex applications based on Kinect [29-32]. These systems 

are used to help the patient to rehabilitate his upper limbs in terms of neuromotor point of view. Also in this field 

of neurological recovery, a set of recreational games "Kinect Adventures" conducted by Microsoft has given very 

good results in the rehabilitation of patients with Parkinson's disease [33]. 

To analyze the patient posture from these spatial data of the joints we have to extract data about the angles at 

certain joints  that are of interest and height from the ground of these joints.  

For analysis of lateral axial deviation of the spine we have to analyze spatial position of the shoulders and hips 

which are key indicators of the spine axial deviation. To determine the height at which the hips and shoulders are 

it is enough to extract data related to the height from raw spatial data. To determine the asymmetry between the 

joints of the shoulders or hips we can analyze the angle made by the two extremities, specifically the angle made 

by the right shoulder with the left shoulder. This angle is calculated using the two vectors method. Using this 

algorithm from the neck joint we represent two vectors, one for the right shoulder and one for the left shoulder 

and we obtain the angle made by the two vectors at the origin point. In the same way we can achive the 
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asymmetries identification at the hips. In this case the point of origin for the two vectors will be the middle of the 

basin. The algorithm that implements this method is shown using the mathematical formulas below: 

      )( ByAyBxAxBA                                                           (1) 

           AyAyAxAxA                                                                    (2) 

              )(cos 1

BA

BA
theta


 

                                                              (3) 

Where A and B are the two joints of interest, Ax,Bx,Ay,By are the cartesian coordinates of the joints and theta. 

Correlating these angles with spatial data we can identify if axial deviation is on the right or on the left side. 

Using the equations above we can achieve dynamic measurements to determine the chest movement degrees on 

different axes. 

The raw measurements are saved into a digital CSV type file which contains following: unique anonymized 

identifier, age, sex, weight, height, BMI (body mass index), height of the shoulders and the difference between 

the two shoulders, the angle of the shoulders at the neck, rotation of the shoulders and the same properties for the 

hips. 
 

Results and discussions 

To analyze the collected data and detect if the elementary school students may have a malicious standing 

posture like hyper-kyphosis and scoliosis the difference of the height and rotation of the shoulders and hips were 

compared. It has been found from our measurements that these are the best indicator of the mentioned malicious 

postures.  

From the first measurements at the beginning of the study it has been found that almost all of the participants 

in the study presents the symptoms of malicious posture by having some kind of asymmetry at the shoulder and 

hip levels. The most affected are the children between the ages of 12 and 14. The lack of physical exercises and 

long sitting hours in a non-ergonomic siting position has caused severe differences between the heights of the 

shoulder. The difference of height at the shoulder level can be a clear indication that the students wear their 

backpacks on one shoulder or an abnormal sitting position where the student is leaning to the right or to the left  

 

side because it does not have a clear line of sight to the board. The rotation difference can be an indication of a 

rotated sitting position during classes.  

These asymmetries can be observed on the figures below on series 1 which shows a clear presence of some 

kind of malicious posture. 

 

 

 

 
 

 

Fig. 2.  Shoulder Height Difference Distribution By Age 
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Fig. 3. Shoulder Rotation Difference Distribution By Age 

 

 

 
 

Fig. 4. Hip Hight Difference Distribution By Age 
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Fig. 5.  Hip Rotation Difference Distribution By Age 

 

After two teaching semester the study group was reevaluated using the same scanning method. The results are 

shown on the same figures in series 2. The results show that the treatment based on Schroth exercises were 

effective. The differences were reduced to a bare minimum.  

One of the major factors for these results were the young age of the study group and the early stage of the 

malicious posture. At this young age the children have a higher healing capacity then the adults. In early stage of 

development of the malicious postures only the muscle memory is affected without any impact on the vertebrae. 

By correcting the posture and reeducating the muscle memory the posture of the young children can be 

significantly improved.  

 

Conclusions 

The spinal column is the axial support for the human body and influences it’s posture. Several external factors, 

mostly incorrect siting positions for long hours can modify the correct anatomical curvatures of the spinal column. 

If these curvatures are modified hyper kyphosis, hyper lordosis and scoliosis can appear. On a long-term basis 

these modifications can impact in a negative way the spinal column and a person’s general health. One indication 

of these modified curvatures is an incorrect standing up position. These incorrect standing up positions can be 

observed even from young ages, by analyzing the postures using the presented method. Our findings show that 

long sitting hours in the school benches in incorrect positions is affecting the overall standing up position of the 

children and can cause hyper kyphosis and scoliosis.  

Our results have shown that at children due to their increase healing capacity early recognition combined with 

physiotherapy applied twice a week for 14 weeks can significantly reduce the negative affect of the long sitting 

hours to a bare minimum. This can be achieved due to the fact that at this age the vertebrae did not suffer any 

permanent damage and by reeducating the muscle memory from the upper body the forming of malicious posture 

is stopped and the body posture is corrected.  This reduces the chances of the development of malicious body 

postures to a bare minimum..  

The prevention and early correction.  
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