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Abstract
The aim of this paper is comparative analysis of different posture status, recorded for 3D evaluation, in regards to a relatively hetero-
geneous group of children, with the trend projection of physical deformity development, estimated for n=699 children between the 
ages of  5 and 12, during the implementation of IPA SpineLab project, financed by European Commission. The samples of 17 variables 
are ‘’ Contemplas 3D posture compact’’ variables recorded following a precise protocol. According to the increasing deviation trend 
in correlation to vertical zero, an increase in the occurrence of the mean values for most variables is noticeable, which is making the 
situation in a researched groups much worse, except for the thoracic part of the spine in sagital plane, which according to the physi-
ological curve in this part indicates that from the fifth to the twelfth year of age number of children with kyphotic deviation is increasing. 
In addition to the status of the spine there is a significant increase in the shape deviation of legs in correlation to the zero value, which 
is a noticeable increase in children with compromised leg angle, thigh and lower part of leg with a noticeable incline towards valgus 
position, as well as the knee joint hyperextension.

Key words: Scoliosis screening, Prevalence rate, Spinal screening, Changing trend, Awareness, Human pose estimation

Introduction

Current civilisation is characterised by a specific lifestyle. 
From ecological and kinesiological perspective, living in 
cities is not a favourable circumstance. Deformities and 
the present illnesses- overweight and nervous tension are 
frequent occurrence among the children and youth, who 
use their free time for the activities which require little or 
no muscular effort (Prskalo and co-authors, 2010). It is 
a generally known fact that young people still at an early 
adolescent age start accepting contemporary lifestyle im-
posed upon them.  Computerisation and the growing im-
pact of internet have taken their toll on the health status 
of every individual. Childhood and adolescence has been 
recognised as the critical age for adopting and maintain-
ing the habits of performing physical exercise (Huddleston 
and co-authors, 2002).  Present generations live their lives 
in a virtual world which affects their health (mental and 
physical) negatively. Imagination and Virtual Reality is for-
mulated so as to respond to the needs of mass applica-
tion, it decreases the possibilities of personal creativity and 

separates an individual from real life and personal initiative 
by developing unified mentality stereotypes (Andrijašević, 
2009).
Contemporary life styles result in an increase of irregular 
body posture in children and youth. The problem of today 
is hypokinesia (decreased bodily movement) which leads 
to unbalanced development of certain muscle groups 
(Paušić, 2007). 
Posture is a descriptive term for the relative position of the 
body segments during rest or activity. The maintenance 
of good posture is a compromise between minimizing 
the load on the spine and minimizing the muscle work re-
quired. (Standring, 2007). Muscles of the leg, pelvis, ab-
domen and back along with bones, ankles and ligaments 
participate in maintaining proper posture.  In regards to the 
aforementioned, positive impact of any physical activity 
along with other healthy life habits, first and foremost ad-
equate nutrition should be promoted through the physical 
and health education classes in schools.  
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If one wants to significantly affect the anthropological 
dimensions of younger school-aged children it is neces-
sary to select physical exercising modes characterised 
as general, and their application should run with optimum 
intensity (Aleksić, 2009). The results of annual medical 
examinations indicate the unsatisfactory status, especially 
regarding the data attesting to the status of feet, spine, fre-
quent bad posture and increasing percentage of overweight 
children. At the same time, expert analysis and the results 
of numerous numbers of research papers demonstrate 
growing preferences in children practicing sedentary way 
of life and lacking the habit of performing regular physical 
exercise. Skeletal system in this age, especially spine and 
feet demand special attention during education: straight-
ening of the spine, insufficiently developed musculature, 
irregular sitting position in school benches, easily lead to 
premature deformations which should be treated on time 
(Ilić, 2009; Bogdanović te al., 2008).  

Human upright position is conditioned by maintaining con-
stant balance between paravertebal muscles and gravity’s 
centripetal force. This game in maintaining the upright po-
sition during the human evolution has contributed to the 
following physiological characteristics: lordosis of the 
cervical and lumbar region of the spine and kyphosis in 
thoracic spine section. If these curvatures appear within 
physiological norms, they are considered regular feature, 
however if their increase or decrease is noticed, that is 
regarded to be abnormal (Gajić, 2009). Postural deformi-
ties are frequent in children and adolescents. In preschool 
and early school-aged children functional postural disor-
ders are most common, while in adolescent age structural 
deformities of spinal column are a characteristic feature 
(Adzar, 2004; Demeši, 2007). Under the influence of in-
ternal and external factors the musculoskeletal system of 
children in development is susceptible to deformities. The 
most common deformities during children’s development 
are: kyphosis, scoliosis, lordosis, protuberant and sunken 
chest, flat feet, winged scapula, “x“ (genua valga) and “o“ 
(genua vara) legs.

During one’s lifetime there are three significant stages 
when different samples may lead to posture deformities: 
Pre-school stage – during the first year a child gradually 
takes the upright posture and forms physiological spinal 
curves. If this phase occurs earlier, postural deformity 
might occur. School stage – starting school a child under-
goes great changes, spending a lot of time sitting, carrying 
heavy school bags may lead to posture deformities. Some 
of the factors which can contribute to postural disorders 
are: school bag which weights more than 10 % of child’s 
body weight, carrying school bags over one shoulder, ir-
regularly placed schools bag, etc. 

Connection between growth and progression of the spinal 
curve is the most common starting point when describing 
the occurrence and development of spinal abnormality. Be-
tween the ages of 5 and 10 when the growth slows down 

there is a less occurrence of postural problems, but when 
they enter the puberty stage, a rapid deterioration of exist-
ing postural characteristics is to be expected, along with 
the detection of new cases.   

Therefore, it is very important to detect postural problems 
and keep them under control in early years (Kosinac and 
Banović, 2007).The aim of this work is to compare differ-
ent posture status, recorded for 3D analysis, in regards 
to a relatively heterogeneous group of children with trend 
projection of physical deformities development between 
the ages of five and twelve.

Methods

Sample
Sample consisted of children from 5 to 12 years of age 
selected from kindergartens and primary schools located 
in Sarajevo Canton and Zvornik. The sample group com-
prised of n=699 boys and girls divided into three age 
groups (first group: 5-7 years; second group: 8-9 years; 
third group: 10-12 years). 

Variable sample
Variables used for the purposes of this research provide 
information regarding the posture status, Contemplas 3D 
posture compact mode. Variable sample consists of 17 
variables acquired by ‘’3D posture compact’’ testing pro-
tocol. The parameters indicate possible offsets from the 
zero posture value for all three levels, in which case the 
deviations of the neutral axis are expressed in centimetres 
and degrees. Higher values of provided displacements, 
whether negative or positive, represent the higher level of 
deformities in subjects. Testing protocol
Mobile laboratory was assembled in those primary schools 
and kindergartens whose children were tested. In regards 
to the testing protocol the Contemplas testing equipment 
required and ideally flat surface. After acquiring an ad-
equate surface Contemplas testing instrument was posi-
tion on top of it (Image 1) and fixed to the surface so as 
to avoid displacement during children positioning and to 
avoid additional space calibration. 
Testing protocol
Mobile laboratory was assembled in those primary schools 
and kindergartens whose children were tested. In regards 
to the testing protocol the Contemplas testing equipment 
required and ideally flat surface. After acquiring an ad-
equate surface Contemplas testing instrument was posi-
tion on top of it (Image 1) and fixed to the surface so as 
to avoid displacement during children positioning and to 
avoid additional space calibration. 
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Shoulder displacement
Variable expressed in centimetres indicates elevation/depression of the left/right frontal plane. 
Results with the positive values are in regard to the right shoulder elevation, while the negative 
values indicate a left shoulder elevation. 

Pelvic obliquity
Variable expressed in centimetres displays elevated/lowered left/right pelvic side in frontal plane. 
Results with positive values indicate the elevation of right pelvic side, and results with negative 
value indicate the elevation of left pelvic side.

Shoulder rotation

Variable expressed in degrees indicates the rotation in longitudinal axis (transversal plane) of the 
left/right shoulder. If the results are positive it indicates a rotation of the upper body in which case 
the right shoulder is placed forward, while negative results indicate a rotation  of the upper body 
in which case the left shoulder is placed forward. 

Pelvic rotation

Variable expressed in degrees indicates rotation in longitudinal axis (transversal plane) of the left/
right pelvic side. If the results are positive it indicates the rotation in which case the right side of 
the pelvis is placed forward, while in negative results the rotation of the left side of the pelvis is 
placed forward.  

Trochanter rotation

Variable expressed in degrees indicates rotation of the left/right tronchanter in longitudinal axis 
(transversal plane). If the result is positive it indicates the rotation of the lower body in which 
case the right side of pelvis is rotated towards front, while the negative results indicate the front 
rotation of the left side of pelvis.

Condylus rotation
Variable expressed in degrees indicates the knee rotation in longitudinal axis (transversal plane). 
If the results are positive, it indicates the front rotation of lateral condylus of the right leg, while 
the negative results indicate the front rotation of the left lateral condylus.  

Malleolus rotation
Variable expressed in degrees indicates the rotation of the axis which runs through malleolus of 
ankle joint. If the result is positive it indicates the front rotation of the lateral malleoulus of the right 
foot, while the negative result indicates the opposite rotation.  

Sag. Distance cervical 
spine – sacrum*

Variable expressed in centimetres indicates the distance of the most protruded cervical (neck) 
vertebra in regards to the vertical line projection of the sacrum (bone at the bottom of the spine)  
in the sagittal plane. Positive result indicates the increased flexion of the cervical spine, while the 
negative results indicate the increased extension of the cervical spine. 

Sag. Distance thoracic 
spine – sacrum*

Variable expressed in centimetres indicates the distance of the thoracic spine in regards to verti-
cal line projections of the sacrum (bone at the bottom of the spine) in sagittal plane. Positive 
results indicate an increase of flexion in thoracic spine, while the negative results indicate an 
increase in other extension of the thoracic spine . 
*Higher values in the positive and negative offset do not apply for the variables “Sag. distance cervical, thoracic, 
lumbar – sacrum”

Sag. Distance lumbar 
spine – sacrum*

Variable expressed in centimetres indicates the distance of the lumbar (lower) spine in regards to 
the vertical line projection of sacrum (bone at the bottom of the spine) in sagittal plane. Positive 
result indicates an increase in lumbar spine flexion, while negative results indicate increase in the 
lumbar spine extension.

Varus/Valgus left
Variable expressed in degrees indicates the Varus-Valgus alignment angle of the left leg (medial/
lateral) at the knee joint. 

Varus/Valgus right
Variable expressed in degrees indicates the Varus/Valgus alignment angle of the right leg (medial/
lateral) at the knee joint. 

Flexion/Extension left
Variable expressed in degrees indicates the hyperextension and flexion of the left leg at the knee 
joint (sagittal plane). Positive result indicates the left leg flexion, while negative result indicates 
hyperextension of the left leg. 

Flexion/Extension right
Variable expressed in degrees indicates the hyperextension or the flexion of the right leg at knee 
joint (sagittal plane). Positive result indicates the right leg flexion, while the negative result indi-
cates the hyperextension of the right leg. 

Frontal Cervical spine 
Variable expressed in centimetres indicates the distance of the cervical spine in frontal plane in 
relation to the vertical line projection of the sacrum. If the result is positive it indicates the right 
displacement of the cervical spine, and the negative result indicates the left side displacement. 

Frontal Thoracic spine
Variable expressed in centimetres indicates the distance of the thoracic spine in frontal plane 
in relations to vertical line projection of the sacrum. If the result is positive it indicates the right 
displacement of the thoracic spine, while the negative result indicates the left side displacement. 

Frontal Lumbar spine
Variable expressed in centimetres indicates the distance of the lumbar spine in frontal plane in 
relation to vertical line projection of sacrum. If the result is positive it indicates the right displace-
ment of the lumbar spine, but if the result is negative it indicates the left side displacement. 

Table 1. Description of variables
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Testing protocol

Mobile laboratory was assembled in those primary schools 
and kindergartens whose children were tested. In regards 
to the testing protocol the Contemplas testing equipment 
required and ideally flat surface. After acquiring an ad-
equate surface Contemplas testing instrument was posi-
tion on top of it (Image 1) and fixed to the surface so as 
to avoid displacement during children positioning and to 
avoid additional space calibration. 

3D calibrator was placed on the surface with fluorescent 
markers attached to it. 3D Calibrator must be exactly 
placed in the centre of the measuring board (Image 2) and 
its upper and lower beams along with the vertical beam 
must be ideally aligned and levelled by the spirit level. The 
next step is to position a “V” frame supporting three cam-
eras enabling 3D analysis. The camera’s distance from the 
centre of the measuring board must be at least 2 metres 
and 15 centimetres (Image 3). The images taken by the 
camera needs to be sharpen in the software programming 
in order to start the space calibration. After the calibration 
has been concluded, the 3D Calibrator is packed away and 
the testing can be initiated.

Next is the preparation and placement of fluorescent mark-
ers on the subjects. Markers are placed on specific points 
of the subject’s body which only need to wear their under-
wear. Considering that this testing protocol was the one 
specified by the  „3D Posture Compact“, it was necessary 
to apply 14 markers for each subject (image 3). The fol-
lowing represent the body points of marker placement: 
acromion (left and right), cervical spine, thoracic spine 
(kyphosis), lumbar spine (lordosis), crista iliaca posterior 
superior (left and right), sacrum, trochanter major (left and 
right), condylus laterallis (left and right), malleolus laterallis 
(left and right). The subject is placed on the measurement 
board so as to have his/her back to the cameras, with feet 
placed parallel and in hip width apart, where the axis along 

the centre of the malleoulus must be paralleled with the 
horizontal line at the measuring board (frontal plane). The 
subject is then instructed to take an upright position, look 
straight, relax his/her arms along his/her body and then the 
screening takes place for 12 seconds but not after the 18th 

Image 1. Screening surface

Image 2. Calibration frame

Image 3. „V“ 
Camera Frame
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second of positioning. The comfort criterion adopts as-
sumptions in terms of pose equilibrium, while the shading 
criterion eliminates the ambiguities of postures taken into 
account the image illumination. One can emphasise that 
the removal of ambiguous 3D poses related to a single im-
age is the main focus of posture analyses (Dihl, Raupp and 
Musse 2014). After screening the markers are removed 
from the subjects and placed on the following subject to 
be tested. The process of assembly and testing instrument 
calibration is repeated every time the location is changed, 
specifically with each new schools and kindergarten where 
the testing is to take place.

Data analysis method 

Results were processed in IBM SPSS 22 software pack-
age. Descriptive indicators were calculated for the entire 
group and for the special age groups. Projection trends 
of physical deformity occurrence were established for all 
three age group subjects. In order to determine the signifi-
cant difference of each variable for the observed children 
groups, ANOVA test was applied.  

Results

Entire group of subjects was divided into three smaller 
groups. Each assigned with an individual mean value of re-
sults. The parameters indicate a posture image offset from 
zero value for which purposes the horizontal, vertical and 
rotational offsets represented in centimetres were valorised 

and illustrated in degrees as offsets from the neutral axes in 
the observed plane. Considering frontal plane only, analy-
sis reveals no differences between groups but ‘3D defor-
mity’. On the contrary, transversal plane analysis, which 
combines sagittal and frontal information, delivers more 
relevant information than only an analysis of sagittal plane 
(Steffen et al., 2010). Higher negative and positive offset 
values assume a higher degree of deformities in subjects. 
Three variables which offer data on spinal column from a 
sagittal point of view are following I group mean=2.1093; II 
group mean=2.5161; III group mean=3.2131 and for cer-
vical spine I group mean -0.9522; II group mean -0.5871; 
III group mean -0.3426 for thoracic spine I group mean 
1.9232; II group mean 2.5354; III group mean 2.9714, and 
for the lumbar spine the data observed are assumed to 
have “normal” offset values. The values are conditioned 
by the physiological curves of the cervical, thoracic and 
lumbar spine in regards to the distance from the most 
protruded part of the sacrum. Results for this posture are 
observed separately along with the designated criteria at-
testing to the spinal status in sagittal plane. According to 
the statistical result analysis, a trend of physical deformi-
ties development was projected for children between the 
ages of five and twelve. Concerning the identifiable indi-
cators (Table 2, Graph. 1) „0“offsets for all segments in 
regards to the frontal plane are I group mean -0.1261; II 
group mean -0.1905; III group mean -0.5521 for the cervi-
cal spine;  I group mean -0.3294; II group mean -0.4104; 
III group mean -0.6198; for thoracic spine; I group mean 
-0.1417; II group mean -0.1707; III group mean -0.2428 
for lumbar spine.

Descriptives

N Mean Std. Devi. Min. Max.

Shoulder displacement 1 235 .29190 .9731 -3.915 3.171

2 277 .38039 .8581 -2.109 2.825

3 187 .26484 .9035 -3.306 2.649

Total 699 .31973 .9103 -3.915 3.171

Trochanter rotation 1 235 -1.41462 6.5834 -22.127 18.108

2 277 -2.07751 6.4147 -26.224 15.489

3 187 -.57616 6.7412 -30.703 24.468

Total 699 -1.45300 6.5781 -30.703 24.468

Condylus rotation 1 235 -1.85237 4.7641 -17.489 8.865

2 277 -2.74005 4.6818 -19.671 11.308

3 187 -1.51936 6.7448 -17.829 28.474

Total 699 -2.11505 5.3546 -19.671 28.474

Distance cervical spine - sacrum 1 235 2.10928 1.9780 -2.798 13.243

2 277 2.51610 2.1175 -2.535 10.284

3 187 3.21313 2.713076 -2.510 10.657

Total 699 2.56580 2.2868 -2.798 13.243

Distance thoracic spine - sacrum 1 235 -.95225 1.6727 -6.227 7.263

2 277 -.58713 1.702029 -5.322 4.617

3 187 -.34262 2.145789 -5.114 5.129

Total 699 -.64447 1.835247 -6.227 7.263

Table 2. Descriptive data 3D variables
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Distance lumbar spine - sacrum 1 235 1.92322 .956412 -.440 4.640

2 277 2.53542 1.025566 -.176 5.964

3 187 2.97144 1.254706 -.497 7.065

Total 699 2.44625 1.145082 -.497 7.065

Varus/Valgus left 1 235 .70543 2.943345 -10.347 8.060

2 277 1.04376 3.047525 -6.639 19.527

3 187 1.31965 2.764389 -8.098 8.921

Total 699 1.00382 2.944553 -10.347 19.527

Varus/Valgus right 1 235 .37001 2.936426 -7.805 8.091

2 277 .44627 2.927892 -9.062 6.555

3 187 1.73250 2.958429 -6.339 8.865

Total 699 .76473 2.992705 -9.062 8.865

Flexion/Ext left 1 235 -2.97121 7.679945 -26.507 18.198

2 277 -1.25083 8.120360 -60.962 23.080

3 187 .12198 7.047340 -16.098 27.388

Total 699 -1.46195 7.780631 -60.962 27.388

Flexion/Ext right 1 235 1.03502 8.526294 -25.502 28.874

2 277 -1.60483 7.065437 -26.096 21.824

3 187 -1.97567 7.837679 -21.062 27.122

Total 699 -.81654 7.889290 -26.096 28.874

Cervical spine 1 235 -.12606 .980288 -2.268 3.203

2 277 -.19052 .989148 -3.233 2.659

3 187 -.55213 1.036711 -3.524 3.174

Total 699 -.26559 1.013028 -3.524 3.203

Thoracic spine 1 235 -.32937 .840363 -2.356 2.165

2 277 -.41037 .698497 -2.222 1.675

3 187 -.61979 .830848 -2.888 2.763

Total 699 -.43916 .791677 -2.888 2.763

Lumbar spine 1 235 -.14171 .370090 -1.160 1.299

2 277 -.17076 .366967 -1.721 1.098

3 187 -.24284 .441628 -1.666 1.882

Total 699 -.18028 .390798 -1.721 1.882

 Spine, front. Cervical

 Spine, sag.. Cervical

 Spine, front. Thoracic

 Spine, sag. Thoracic 

Spine, front. Lumbar

Spine, sag. Lumbar 

Graph 1. Graphical representation of mean value trends of spinal offsets for three age groups  (group 1: 5-7y; group 2: 8-9y; group 3: 10-12y)
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The application of ANOVA statistical method (table 2.) 
when different subject age groups are compared, indicates 
a significant difference from p≤ 0.00 to p≤0.026, in off-

set values in regards to the vertical position for the spinal 
column parameters and leg parameters. The result relates 
to the offsets of physiological curves in the sagittal plane.

ANOVA

Sum of Squares df Mean Square F Sig.

Distance cervical spine - sacrum Between Groups 128.021 2 64.010 12.649 .000

Within Groups 3522.236 696 5.061

Total 3650.257 698

Distance thoracic spine - sacrum Between Groups 40.210 2 20.105 6.056 .002

Within Groups 2310.747 696 3.320

Total 2350.957 698

Distance lumbar spine - sacrum Between Groups 118.070 2 59.035 51.544 .000

Within Groups 797.156 696 1.145

Total 915.226 698

Varus/Valgus left Between Groups 40.018 2 20.009 2.316 .099

Within Groups 6011.915 696 8.638

Total 6051.933 698

Varus/Valgus right Between Groups 239.846 2 119.923 13.884 .000

Within Groups 6011.639 696 8.637

Total 6251.486 698

Flexion/Ext left Between Groups 1016.794 2 508.397 8.580 .000

Within Groups 41238.883 696 59.251

Total 42255.677 698

Flexion/Ext right Between Groups 1229.023 2 614.512 10.131 .000

Within Groups 42215.124 696 60.654

Total 43444.147 698

Cervical spine Between Groups 21.491 2 10.745 10.764 .000

Within Groups 694.815 696 .998

Total 716.306 698

Thoracic spine Between Groups 9.163 2 4.582 7.445 .001

Within Groups 428.310 696 .615

Total 437.473 698

Lumbar spine Between Groups 1.106 2 .553 3.650 .026

Within Groups 105.494 696 .152

Total 106.601 698

Table 3. ANOVA

Discussion

Analyses of offsets and rotations which are expressed in 
centimetres for offsets and degrees for rotations, did not 
reveal high degree result if compared to the physical height 
of the subjects. In the screening records all the segments 
include offsets, indicating that all the three age groups have 
offsets in relation to the proper posture status. 

Entire research was conducted focusing on the spinal 
column status of the subjects, for that reason the results 
emphasize the frontal and sagittal perception of the spine. 
If we follow the increase trend of zero vertical offset, the 
increase of mean values is noticeable for all the variables, 
apart from sagittal perspective of the thoracic spine, which 
according to physiological curve in that spinal section indi-

cates that the number of children with kyphotic offset be-
tween the ages of five and twelve is increasing. The Scolio-
sis Research Society has recommended annual screening 
of all children age 10–14 years; the American Academy of 
Orthopaedic Surgeons has recommended screening girls 
at the ages of 11 and 13 years and boys age 13 or 14; and 
the American Academy of Paediatrics has recommended 
routine screening at ages 10, 12, 14, and 16 years. The 
Bright Futures guidelines recommend noting the presence 
of scoliosis during the physical examination of adolescents 
and children who are at least 8-years-old ( Seung – Woo, 
at al. 2011). This research was conducted with children of 
younger age (5 – 12 years) since in their case it is possible 
to greatly affect the postural status corrections. 
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The calculated trend projection of postural deformities 
development increases as the subjects are older, regard-
less of the growth of negative or positive offset values in 
regards to zero values. The analysis results regarding the 
scoliosis of the spinal column are particularly important. 
Scoliosis is a complex three-dimensional (3D) deformation 
of the spine and rib cage that produces cosmetic asym-
metries of the trunk, which represent the main complaints 
of patients (Gignac at al., 2000).

Apart from the spinal column status, there is a significant 
offset increase in regards to zero value of leg shape, with 
an increase in the number of subjects with a disturbed re-
lationship angle between upper leg and lower leg, in which 
case there is an incline towards the valgus position, as well 
as hyperextension in the knee joint. Children with such di-
agnosis have potential difficulties when walking and that 
segment is very important for the overall postural analysis.  
Scoliosis patients and patients with valgus legs deformities 
showed significant but slight modifications in gait, even in 
cases of mild scoliosis. With the naked eye, one could not 
see any difference from controls, but with powerful gait 
analysis technology, the pelvic frontal motion (right–left 
tilting) was reduced, as was the motion in the hips and 
shoulder. (Mahaudens at al., 2009).

Once the matrix consisting of all research data was cre-
ated, it became evident that the applied testing protocol 
consisting of computer outputs if reversed for the pur-
poses of explaining someone’s posture status excluding 
specific physical deformities by data valorisation, would 
not produce a precise insight in all the deformities from the 
sagittal perspective. For that reason 3D result outputs con-
sisting of rotations and offsets were discussed along with 
necessary insight into the posture result imagery, clustered 
as numerical data.   

Conclusion

It is evident that the trend projection of physical deformities 
occurrence is statistically significant for the parameters of 
the spinal column results in relations to scoliosis, kyphosis 
and lordosis with an increase in an offset from the “proper” 
posture for children of the two older age groups in relation 
to children of the youngest age group (5-6 years). In addi-
tion, such trend was recorded for the angle status of upper 
leg in relation to the lower leg, reflecting in a significant 
increase in number of children with “x” legs. When a child 
starts attending first to fifth grade primary school his/her 
posture status worsens.    

Therefore, the scientific contribution of the research con-
ducted in Sarajevo schools and kindergartens made pos-
sible due to European Commission funding, is reflected in 
the possibility of clear and concise physical deformity valo-
risation, assisted by modern kinematic procedures with the 
purpose of designing the total results matrix indicating the 
postural status of the assigned population. The possibility 

of predicting the deformity occurrence trend, represent the 
baseline for gaining direct benefits in a form of potential, in-
dividual programmes for treating or decreasing registered 
physical deformities. Application of technological solution 
for assessing the posture status (“Contemplas 3D posture 
compact“),  for all three subject age groups is extremely 
adequate for obtaining the individual analysis results which 
will serve as a baseline for planning and programming cor-
rective procedures for the purpose of treating and decreas-
ing physical deformities.
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Summary
The aim of this research was to examine the effects of specific balance training on stability level of young basketball players (n=14; 
chronological age 14-15 years). Testing and SBT program was conducted during the competition season for young basketball players. 
For the purposes of this research, i.e. the assessment of stability level (Biodex Balance System), three variables were used in order 
to determine neuromuscular ability of maintaining dynamic bilateral and unilateral postural stability on a static and unstable surface. 
Difference between two measuring points and their correlation before and after the SBT program implementation was analysed by 
univariate parametric test determining differences – student t-test for dependable samples. Differences between initial and final status 
(sig.=.01 and .05) indicate that SBT program including specific content, training aids, load intensity and extensity, total volume, or-
ganisation and training method have effectively contributed to the stability level of young basketball players. 

Key words: stability index, specific program, basketball players

Introduction

Movement requirements in basketball depend on a range 
of internal and external factors. Basketball abounds in a 
number of complex motions, requiring the acquired move-
ment structure to be integrated into situational game re-
quirements which are unpredictable and variable. Apart 
from coordination, explosive strength, central stability and 
other factors, the prerequisite for changing directions after 
stopping and a safe landing after the jump, is achieved by 
stable leg positioning. Šimek, Milanović and Jukić (2007) 
determine the changes in the agility level and the type of 
explosive strength for jump performance after completing 
proprioceptive training program. During speed-explosive 
movements, the athlete is not always able to control his/
her own movement at a given time. Good physical stability 
affects the movement quality which can probably protect 
the athlete from possible injuries. Likewise, during the last 
couple of years due to unstable training and competition 
surfaces, balance training in basketball is gaining more 
popularity as an additional exercise for athletes (Panwar 
et al., 2014).

Maintaining balance has been made increasingly difficult 
when establishing contact with the opponent, along with 
air resistance, friction and gravity forces which likewise af-
fect maintaining stable posture (Retert, 2010). According 
to the previously mentioned author, if the training is more 
specific and extensive, an athlete will have better balance 
and stability during performance. 

Proprioceptive stimuli can assist athletes in performing ef-
ficient and safe movements on a subconscious level. Eils 
and Rosenbaum (2001) state that a multi-station proprio-
ceptive exercise program can be recommended for preven-
tion and rehabilitation in case of ankle joints injuries, and 
according to (Kraemer & Knobloch, 2009) specific balance 
training reduces the frequency of injuries regarding anterior 
cruciate ligament and ankle joints. Training consisting of 
proprioceptive exercise program can effectively stabilize an 
unstable joint using muscle and postural control (Zouita et 
al., 2013).

Proprioceptive exercises should be an integral part of con-
ditional training in sport games.  Alić (2012) states that ad-
ditional improvement was achieved in regards to the cur-
rent situation of the footballers U-18 balance level, based 
on a three month long specific proprioceptive training. 
Positive effects of proprioceptive training program on the 
stability level in students of sport and physical education 
were determined in research conducted by Kazazović and 
co-authors (2007), and Šebić et al. (2007).

Following the assumption (H) which states that the six 
month long training program will produce positive changes 
in the balance abilities of young basketball players, one 
can conclude that the aim of this research is to establish 
the effects of six week specific balance training program 
(SBT) on the level of stability in young basketball players. 
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Results of this paper might be used as additional segment 
and more inclusive integration of the balance training, if 
taking into account the general conditional preparation of 
young athletes. 

Methods

Subjects
Sample consisted of 14 young basketball players. Chrono-
logical age of the subjects was 14 – 15 years. Overall train-
ing process lasted for about 5 years. Subjects were clini-
cally healthy during the testing procedures. Testing proce-
dure and SBT program was conducted during competition 
season in which case subjects participated in regular train-
ing sessions six times per week for 60-90 minutes. 

Tests
For the purposes of this research 3 variables were used in 
order to assess the level of stability (Biodex Balance Sys-
tem SD, 2006.):
Overall Stability Index (OIS);
A/P Stability index (APIS) and
M/L Stability Index (MLIS).

Biodex Balance System SD application enabled determin-
ing individual neuromuscular control by quantifying the 
abilities of maintaining dynamic bilateral and unilateral 
postural stability on a static and unstable surface.  

Characteristics of a specific balance 
training (SBT)
Tables 1, 2, 3, 4 and 5 demonstrate the most significant 
SBT program information ( general notes, exercise descrip-
tion, load distributions, technical aids and a total number of 
performed activities), which was conducted on young bas-
ketball players categorised by age groups   U-14 and U-15.

Table 1. General Information on SBT

Period of the season Competition

Total duration of the program 6 weeks

Training frequency 4 trainings per week

Part of the training Introduction and
preparatory phase

Duration of balance stimulus 15-20 minutes

Table 2. Description of SBT exercises

1. SK, PS, Z on the: a) D-N leg;  b) PV D-N leg.

2. SK, PS, Z on the: a) D-N leg;  b) ZV D-N leg.

3. SK, PS, Z in small groups on the: a) D-N leg; b) the game “who’s faster”D-N leg; c) the game “tickling the palms” 
D-N leg.

4. SK, PS, Z in pairs on the: a) D-N leg; b) lean on the back of partners D-N leg; c) lean on the side of partners D-N 
leg.

5. SK, dribbling L, PS, Z on the: a) D-N leg; b) PV and ZV D-N leg; c) L rotation on the hand D-N leg.

6. RP, B D-N leg: a) keeping between the forehead; b) holding L between breasts of partners; passing L with two 
hands from the chest; d) passing L from behind.

7. SBD On feet: a) ONN; b) OLD.

8. SBD, hands up: a) ON, ONN i OLD; b)  D-N leg ONN and OLD.

9. SBD D-N leg: a) ONN/ passing L from the chest; b) OLD/manipulation L. 

10. SBD ON: a) ONN touching of laterally spaced racks; b) OLD touching racks that are set forward and back. 

11. RP, SBD ONN i OLD: a) reception and passing L with two hands from the chest; b) passing L with two hands above 
the head with reception and L feint.

12. Jump with feet on balance board, B: a) ONN; b) OLD.

13. Standing on the ball: a) ON; b)  D-N leg.

14. Standing D-N leg / free leg simulating the skating step: a) eyes open; b) eyes closed. 

15. PV, from bent position touch the ground, and again stand up: a) D leg; b) N leg.

16. RP, touching and reception with medical ball (1kg): a) D leg; b) N leg.

D-N: dominant and non-dominant leg; SBD: standing on the balance board; SK: free movement; PS: change of direction; 
Z: stopping; L – ball; ONN: axle forward and backward; OLD: axle left and right; B: balance; PV: front balance; ZV: rear 

balance; RP: exercise in pairs; ON: both legs
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Table 3. Distribution of load SBT (modified according Alić, 2012)

                                                            
Table 4. Technical equipment

Balance boards NN Axles and lateral

Balls Basket and medical  (1kg)

Racks Vertical racks (1,5m)

Table 5. Total number of activities

Testing / Initial and final 2

Balance training - proprioception 24

Club training, regular training 30

Active rest, prepares for competition 6

Official games 6

Statistical analysis 
For the analysis of the results obtained during the initial and 
final measurements, following descriptive values were cal-
culated: arithmetic mean (m), standard deviation (SD) and 
variation coefficient (CV). Differences between two mea-
suring points and their correlation was analysed by uni-
variate parametric test determining differences – student 
t-test for dependable samples. The results were processed 
in statistical software package IBM SPSS 22 Statistic.

Results

Once we compare descriptive parameters of tests for bal-
ance assessment in their initial and final status (table 6 
and 7), differences in m values become noticeable. Lower 
values in final measurement stages indicate better results 
after the completion of SBT program. The highest range of 

Type and
order of execution

the exercises

Extensity

Intensity 

Rest Character
of exercise

Duration
(s)

The total 
number of series

Time rest
(s)

Rest 
mode

1a; 1b 10 15 N 20 Ak Ad

2a; 2b 10 15 N 20 Ak Ad

3a; 3b; 3c 10 15 N 20 Ak Ad

4a; 4b; 4c 10 15 N 20 Ak Ad

5a; 5b; 5c 15 15 N/S 25 Ak Ad + rzv

6a; 6b; 6c; 6d 15 15 N/S 25 Ak Ad + rzv

7a; 7b 15 15 N/S 25 Ak Ad + rzv

8a; 8b 15 15 N/S 25 Ak Ad + rzv

9a; 9b 20 15 S 30 Ak Rzv

10a; 10b 20 15 S 30 Ak Rzv

11a; 11b 20-30 15 S 30 Ak Rzv

8a; 8b; 9a; 9b 20-30 15 S 30 Ak Rzv

10a; 10b; 11a; 11b 30 12 S 30 Ak Rzv

12a; 12b; 16a; 16b 30 12 S 30 Ak Rzv

15a; 15b 30-40 12 S/V 40 Ak Rzv

10a; 10b; 11a 30-40 12 S/V 40 Ak Rzv

13a; 13b; 15a: 15b 40 10 S/V 50 Pa Rzv

6a; 6b; 12a; 12b 40 10 S/V 50 Pa Rzv

7a; 7b; 10a; 10b 40-50 10 S/V 50-60 Pa Rzv

12a; 12b; 14a; 14b 40-50 10 S/V 50-60 Pa Rzv

1a; 1b; 16a; 16b 30 10-15 N/S 20-30 Ak Od

2a; 2b; 15a; 15b 30 10-15 N/S 20-30 Ak Od

3a; 3b; 13a; 13b 30 10-15 N/S 20-30 Ak Od

4a; 4b; 12a; 12b 30 10-15 N/S 20-30 Ak Od

Ak: Active; Pa: Pasive; Ad: Adaptation; Rzv: Development; Od: Maintenance; N: Low; S: Middle; V: High.
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m values for all the variables was noticed in OIS test, so 
one can assume that SBT has contributed the most to the 
development of overall stability. However such assump-
tions need to be verified by t-test. The analysis of cen-
tral tendency and variability results in their initial and final 
status, and based on subsequent calculation of CV value, 
revealed heterogenic results in tested subjects. Coefficient 
of variation is a relative measure of deviation which repre-
sents the correlation between arithmetic mean and stan-
dard deviation expressed in percentages. In order to sat-
isfy the homogeneity requirements, this parameter should 
not exceed the threshold limit value of 30%, which is a 
conventional threshold limit value specific for homoge-
neous properties in kinesiological research. For both mea-
surements, the CV value of all treated variables is above 
the acceptance limit (55%-75%). Results demonstrated in 
table 8 indicate statistically significant differences for all 
the treated variables with 1% and 5%  conclusion error. 

Graph 1. Relations of arithmetic means between initial and final 
states (lower M represent better values)

Table 6. Descriptive indicators of the initial state

Varijabla M SD

OIS 7.45 5.60

APIS 4.80 3.15

MLIS 3.75 2.46

Table 7. Descriptive indicators of the final state

Variable M SD

OIS 2.89 1.79

APIS 2.21 1.22

MLIS 2.01 1.19

Table 8. Student T - test for paired samples

Pair Var iable t df Sig. 

Pair 1 OIS1 - OIS2 2.923 13 .012

Pair 2 APIS1 - APIS2 2.967 13 .011

Pair 3 MLIS1 - MLIS2 2.228 13 .044

Discussion

Factors based on nerve processes, space and balance 
ability of a human are still insufficiently explained. Variabil-
ity of tests for the purposes of balance assessment has 
been noticed even in this research. Information received 
by outside surrounding and registered by receptors of ves-
tibular and proprioceptive apparatus, and visual and hear-
ing analysers can influence in different ways the regulation 
and coordination of muscle tonus responsible for balance 
in athletes. Proprioceptive feedback is significant in both 
conscious and subconscious control of common physical 
activities during movement (Ergen & Ulkar, 2008). Posture 
correction at the most urgent moment probably depends 
on the control and contraction intensity regulation as well 
as muscle relaxation. 

With certainty higher than 99 %, that is 95 % one can claim 
that the SBT program conducted during the competition 
season with specific content, training aids, intensive and 
extensive load, overall volume, training methods and or-
ganisation resulted in effective impact on the level of sta-
bility in young basketball players. Assumption is that the 
designed program with all its specificities in movement 
structure affects the anticipation quality, change and pos-
ture correction. All the above stated contributes to achiev-
ing a more stable position. Proprioception is transferred to 
all levels of central nervous system (Riemann & Lephart, 
2002). Implemented content focusing on rapid establish-
ment of balanced posture after previously inducing general 
instability can affect the contractions for a certain group of 
muscles which maintain the projection of the body’s centre 
of gravity above the support surface. Process of achieving 
stability is related to mutual work between ligaments and 
muscles along with a complex network of neural connec-
tions which link all the elements above (Salva-Coll et al., 
2013).  

Establishing balance when the support surface is of a 
smaller size and with constant variations of pelvic height 
changes conditioned by unpredictive circumstances, 
resulted in progressive increase of load intensity. A well 
established balance enables the players to control their 
body in static and dynamic positions while at the same 
time protecting them from falling and injuries which might 
occur during fast movements (Panwar etal., 2014). It is a 
generally known fact that the difficulty of maintaining stable 
posture is mostly conditioned by the size of the support 
surface, height of the body’s centre gravity and the posi-
tion of unrestrained body parts. In basketball the balance is 
a very important ability for young players, especially due to 
its application during one-to-one defensive actions, which 
requires ability to control one’s own body in order to re-
duce errors (Mahmoud, 2011). In complex circumstances 
establishing and maintaining position while at the same 
time manipulating a basketball (dribbling, passing the ball 
from different positions), the body needs additional correc-
tions and adjustments at the given situations, which makes 
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it much more difficult to maintain stability. The balance is a 
very delicate ability which requires good kinesthetic sense, 
good evaluation of aim parameters and kinesthetic move-
ment control on a specific path, as well as concentration 
time (Malacko and Rađo, 2004).

SBT program should not be regarded as an isolated unit, 
but as an integral segment of the overall athlete sport 
preparation. One can assume that the SBT program can ef-
ficiently influence the movement coordination, body’s cen-
tral stability and the strength of ankle ligaments and muscle 
tendons. Apart from the effects SBT program has on the 
stability level, positive effects can be achieved at a motor 
coordination level (Šebić et al., 2007). Zemková & Hamar 
(2010) conclude that the combination of agility - balance 
training one can improve dynamic balance, not only by vi-
sual control but even in closed-eyes circumstances. For 
the coaches it is very important to plan training programs, 
which will combine balance exercises with specific reac-
tive tasks, in order to apply them as means for neuromus-
cular athlete performance.   

Conclusion 

Results of this paper indicate that the designed SBT pro-
gram produced positive effects on the stability level in 
young basketball players. The most probable conclusion is 
that the efficient transfer of the sense of ankle positioning 
and a fast reply of the muscle-ankle connectors – effec-
tors is induced by the specific content.  Optimum content 
for the stability development of ankles are most prob-
ably those which are formed in accordance to structural, 
biomechanical and functional analysis of the basketball 
game. However, in this research it was difficult to conclude 
whether the maximum of SBT program was achieved. 
Rapid growth and development of the treated age category 
U-14 and U-15 can in addition worsen the coordination 
and balance abilities. The flaw of this research is the lack of 
experimental group which would probably offer much clear 
explanation to the problem at hand.  Benefits of this SBT 
program are the possibilities of simple organisation; it can 
be conducted in different locations with the help of cheap 
and available equipment. For the future research it would 
interesting to examine the effects of combined strength 
SBT training at a level of stability and agility, along with 
experimental and control group testing, for the purpose of 
contributing to time-effective training procedures. 
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Summary 
The aim of this paper is to classify the levels and structures of motor and morphological specifics, which affect the overall stability 
index coefficient (OSI) using Biodex Balance System. A sample of 31 boys aged 12, 05 ± 1, 51 were classified into three qualitative 
groups by the OSI mean and standard deviation (SD) results. Multivariate analysis of variance (MANOVA) revealed the existence of 
differences and statistical significance in morphological and motor abilities between groups. Based on the results of MANOVA there is 
a highest level of significance when classifying into the groups. Univariate F test found the greatest difference between the groups in 
variable of body mass (AMAS, p – 0,003). Leven’s test for heterogeneity of variance determined differences between groups in: body 
height (AVIS, p - 0,01); lengthwise standing on the balance bench with left foot (MRUUL,  p – 0,037); lengthwise standing on the bal-
ance bench with right foot (MRUUD, p – 0,003); lengthwise standing on the balance bench with both feet (MRUB,  p – 0). LSD post 
hoc test found differences between two groups in three ball slalom with feet (MKP3N, p – 0,045) and agility assessing test (MTTEST, 
p – 0,034). The results of the research can be used for selecting and choosing talented boys for complex sports, in which dominates 
agility, coordination and balance, while using the stability index coefficient, height and weight. 

Key words: stability index, morphological characteristics, balance, coordination, agility

Introduction

Motor skills foundations are based on the mechanisms of 
neural excitation. Manifestation of higher level of nerve – 
motor control while at kid’s age, may suggest the existence 
of top prepositions for achieving high sports accomplish-
ment. For a toddler to walk, it is necessary to stand first, 
and by analogy, immobilization of the elderly occurs for the 
same reason as the beginning of walking - balance. Bal-
ance is the basis for performing dynamic movements of the 
whole body, such as throwing, jumping and running. Move-
ments in structure of dynamic chains are based on the sta-
bilization of the joints, which are located closer to the body. 
Balance is largely dependent on the capabilities of the ner-
vous system to react to the slightest stimuli as well as the 
vestibular apparatus, which detects the slightest changes 
in the disruption of stability – sensory integration (Ayres 
et al., 1980; Latash et al., 2010). To maintain balance, in 
addition to detection, intramuscular coordination of stabi-
lizer muscles is also needed. Coordination and balance, as 
motor abilities, are closely related. Coordination and agility 
are classified as a mechanism for structuring movements, 

while balance participates in work of the mechanism for 
synergistic regulation and tone regulation (Gredelj, 1975). 
These three aforementioned motor abilities are the leading 
abilities in previously mentioned mechanisms for move-
ment regulation. It can be said that an individual has a good 
coordination if he moves easily and if time and order of his 
actions are well controlled. Coordination represents motor 
intelligence (Fleishman, 1955.). According to (Malacko & 
Rađo, 2004), coordination abilities are structured in sev-
eral subspaces of which balance represents main. Sensi-
tive period for coordination development among boys, by 
majority of authors, is from ages 7 to 14, while sensitive 
period for balance development among boys is from ages 
10 to 11 (Bompa, 1999). As motor abilities, coordination 
and balance in sports selection take a very important role. 
Coordination and balance are highly innate motor abilities 
and expressing qualities of these abilities may suggest a 
great genetic potential for sports. Successful perform-
ing of complex agile movements, which can be found in 
sports, may be associated with frequent changes of posi-
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tions of center of body’s gravity (OCCT) which disrupts 
body balance. Agile movement ability largely depends of 
the equilibrium position of the body, apropos balance as a 
motor ability (Francis, 1997). This paper will contribute to a 
better understanding of the relationship between agility and 
coordination of children, as a selective value for complex 
sports. The research goal is the comparative analysis of 
the levels and structures of balance, coordination and agile 
qualities of boys with different levels of stability index. 

Results of this research may offer a set of field balance, 
coordination and agility tests that describe overall stability 
index, which may suggest latent characteristics of coordi-
nation abilities system. 

Methods

Sample 
A sample of 31 boys aged 12,05 ± 1,51 were classified 
into three qualitative groups on the score of the overall sta-
bility index (OSI) results. All subjects were healthy with-
out knee or ankle injuries, or any neurological conditions, 
which could influence results while measuring OSI. All 
respondents are engaged in football training from 1 to 3 
years. 

Postural stability assessment protocol
Stability index coefficient was measured by Biodex Balance 
System (BBS Model 945 – 300, Biodex Medical Systems; 
Shirely, New York) at the level 4 (range from 1 to 8 – most 
difficult, least difficult) protocol stability, and based on level 
tilting, the overall stability index coefficient was expressed 
in numerical character (OSI) (Arnold, 2005.). Protocol for 
general postural stability - dynamic bilateral stance 
assessment, means a dual test of 20 seconds (Biodex 
Medical System, 2006; Nevitt et al., 1991). For each sub-
ject identical protocol of 3 trials of 20 seconds and 30 sec-
onds rest period at level 4 difficulties were implemented for 
determining overall balance index (OSI) (Arnold & Schmitz, 
1998). For each repeated attempt, the exact foot position 
was re-entered. Lower score value means better result. 
Group classification (GC) was made on the results of mean 
values and standard deviation (SD) of the overall stabil-
ity index (OSI) for whole sample of subjects tested. First 
group consist boys with results within –2 SD of mean val-
ues – group above average results (AA) n = 5, or 16,1% of 
respondents. The second group summarizes results within 
±1 SD of mean values – average results (A) n = 20, or 
64,5% of respondents. Third group included results within 
+2 SD of mean values – group below average results (BA) 
n = 6, or 19,3%. In this sample of subjects were not found 
any extreme result - ±3 SD. 

Morphological characteristics
Morphological – anthropometric characteristics were rep-
resented by two variables: standing body height (AVIS), 
measured with anthrop meter by Martin and body mass 

(AMAS), measured with calibrated scale Tanita BC420SMA 
(Tanita Corp; Tokyo, Japan) with a precision of ±0,1 kg. 

Motor abilities
Motor – balance abilities were estimate with stopwatch, 
three times measured, where time starts when subject es-
tablishes balance and ends by falling off the balance bench. 
Maximum score achieved may be 60 seconds. Measured 
variables (n = 6) were:

a. MRPUL – transverse standing on the balance bench 
with left foot; 

b. MRPUD – transverse standing on the balance bench 
with right foot; 

c. MRUUL – lengthwise standing on the balance bench 
with left foot; 

d. MRUUD – lengthwise standing on the balance bench 
with right foot; 

e. MRUB – lengthwise standing on the balance bench 
with both feet; 

f. MRPB – transverse standing on the balance bench with 
both feet. 

Motor coordination – agility abilities were measured by 
stopwatch, with three repetitions for each, expressed by 
test variables (n=3):

a. MKP3R – three ball slalom with hands between the 
cones; 

b. MKP3N – three ball slalom with feet between the cones; 
c. MTTEST – T test for assessing agility by Bloomfield et 

al. (1994.). 

Statistical analysis
All data are featured as a Means and SD. Data analysis 
was conducted with help of software package SPSS 22.0 
(IBM corp.) and Excel (Microsoft corp.). For all variables, 
measures of central tendencies and data distribution were 
calculated and Kolmogorov – Smirnov test for normality 
of distribution. Multivariate analysis of variance (MANOVA) 
was used to determine the existence of differences in re-
sults, between groups of boys, classified according to the 
stability index (OSI). Multivariate tests validated statistical 
significance of classification into the groups and result dif-
ferences. Fisher’s LSD post – hoc test was used to de-
termine statistically significant differences between groups 
within each of the variables, at statistical level of p < 0,05. 
Obtained results were standardized and displayed in Z val-
ues chart. 

Results

Based on the results of the measures of central tenden-
cies and data distribution, as well as the K-S test, it was 
found that all data were within limits of normal distribu-
tion. MANOVA of groups formed according to the overall 
stability index (OSI) within variables of the morphological 
characteristics and motor abilities obtained mean values 
for each group (Table 1).
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Table 2 represents results of the multivariate tests for clas-
sifying into groups based on the overall stability index, 
within the space of morphological characteristic and motor 
abilities variables. All tests show the highest level of statis-
tical significance (p<0,01) for classification into groups 
by overall stability index. 

Table 2 Multivariate tests for determining the statistical 
significance of differences between groups

Test Value F Error df Sig.

Pillai’s Trace 1,312 2,857 36,000 ,000

Wilks’ Lambda ,064 4,164 34,000 ,000

Hotelling’s Trace 8,683 5,789 32,000 ,000

Roy’s Largest 7,949 11,924 18,000 ,000

Table 3 represents the results of univariate F – test which 
determined the statistical significances of differences be-
tween groups within the morphological characteristics and 
motor abilities variables. Based on the test results, it can 
be concluded that within the morphological characteristics 
space, statistically significant differences exist in variable 
body mass AMAS p – 0,003 for at least between two 
groups. 

Within the area of motor abilities manifest variables, there 
were no differences found between the groups at statisti-
cally significant level. Other variables showed no statisti-
cally significant differences when classifying into groups, 
but results were close to limit values.

Table 3  Univarite F test for differences between classified 
groups

F Sig.

AVIS 2,24 ,126

AMAS 7,20 ,003

MRPUL 1,53 ,234

MRPUD 1,49 ,243

MRUUL 1,36 ,273

MRUUD 2,38 ,111

MRUB 2,89 ,072

MRPB 2,82 ,077

MKP3R ,19 ,822

MKP3N 2,92 ,070

MTTEST 3,01 ,066

Leven’s test for heterogeneity of variance (Table 4) was 
further used to find statistically significant differences 
among groups, in the area of manifest variables. Vari-
ables AVIS, MRUUL, MRUUD and MRUB show that the 
presumption of variance equality of their changeable was 
disturbed, and also present a higher level of statistically 
significant heterogeneity of variance of p – 0,05. Based 
on this, it can be concluded that the groups classified by 
the level of OSI, differ statistically significant precisely in 
these variables. 

Table 1 Average value   of morphological characteristics and motor skills by groups classified by the score value of the overall 
stability index (OSI)

GC Mean SD Mean SD Mean SD

OSI

AA 1,28 ,11

AVIS

158,20 9,90

AMAS

50,64 18,95

A 2,35 ,6 164,10 11,94 50,97 12,15

BA 4,63 ,23 171,66 4,18 73,90 12,11

Sample 2,62 1,18 164,61 11,10 55,35 15,85

MRPUL

AA 9,44 4,47

MRPUD

12,38 12,62

MRUUL

23,75 24,57

A 7,32 4,18 11,45 7,93 23,28 19,50

BA 5,23 2,58 5,24 3,43 7,37 6,94

Sample 7,26 4,06 10,4 8,36 20,5 21,99

MRUUD

AA 24,65 23,02

MRUB

17,62 12,86

MRPB

14,89 12,38

A 16,72 15,12 10,87 6,01 14,29 5,81

BA 5,03 2,63 6,08 2,42 3,51 1,24

Sample 15,74 15,92 14,3 11,55 12,59 11,06

MKP3R

AA 29,03 5,80

MKP3N

39,83 11,46

MTTEST

9,34 ,67

A 29,56 5,76 48,06 8,66 9,85 ,65

BA 30,74 3,85 51,32 10,84 10,05 ,79

Sample 29,41 5,33 43,28 11,60 9,56 ,73
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Table 4 Levene’s Test for heterogeneity of group variance within 
the space of morphological and motor manifest variables

 F Sig.
AVIS 5,46 0,01

AMAS 0,58 0,564
MRPUL 1,04 0,366
MRPUD 1,99 0,156
MRUUL 3,71 0,037
MRUUD 7,02 0,003
MRUB 10,1 0
MRPB 3,27 0,053

MKP3R 0,11 0,894
MKP3N 0,2 0,816
MTTEST 0,24 0,791

Post – hoc LSD test determined statistically significant 
difference between groups, and separately within each of 
the variable. Table 5 presents statistically significant differ-
ences of groups based on stability index (OSI) within area 
of morphological and motor variables. In addition to the 
previously determined differences, LSD test showed sta-
tistically significant differences between the two groups in 
variables MKP3N and MTTEST, which were not determined 
on higher levels of multivariate analysis by F – test and 
Leven’s test of variance heterogeneity. 

Table 5 Post hoc LSD test for identifying size of differences

Mean 

D.

Sig. 95% CI

AVIS AA BA -13,47 ,046 -26,7 -,23

AMAS
AA BA -23,26 ,008 -39,8 -6,7
A BA -22,94 ,001 -35,6 -10,2

MRUUD AA BA 19,62 ,042 ,72 38,5
MRUB AA BA 11,54 ,031 1,2 21,9
MRPB AA BA 11,38 ,027 1,4 21,3
MKP3N AA BA -11,48 ,045 ,29 22,7
MTTEST AA BA -,71 ,034 -1,4 -,06

Mean values results of all manifest variables were record-
ed to a matrix, and calculated standard Z values for each 
group. Based on the Z matrix values, a Z graph was formed 
(Figure 1.), which presents differences between groups 
classified on the basis of stability index, in the areas of 
morphological and motor manifest variables. According to 
the Z graph of achieved results for groups, there are easily 
noticeable qualitative differences between groups formed 
by the stability index. Based on the chart, it can be con-
cluded that the respondents with a higher level of overall 
stability index (OSI) have better results in agility and coor-
dination tasks. It is important to note that lower values for 
coordination and agility tests represent better achievement 
in abilities (inversion results). In the space of balance abili-
ties, a higher value represents better results. 

On the basis of mean values, it was determined that in 
the area of morphological variables, body height (AVIS) 
variable showed that the above average (AA) group was 
13,47cm shorter than the below average group (BA), 
which was statistically significant. 

Compared to the average group (A), subjects were shorter 
on average 6,1cm, without any statistical significance. In 
the space of the morphological variables, body mass vari-
able (AMAS) within above average group (AA) showed 
less body mass for average of 23,26kg than the below 
average group (BA), with statistical significance. Group of 
average respondents (A) had a lower body mass for aver-
age of 22,94 kg than the below average group (BA). 

In the space of motor balance abilities, for lengthwise 
standing on the balance bench with left foot – MRUUL, the 
above average group scored for average of 16,33sec bet-
ter than the below average group (BA). The above average 
group (AA), also scored a better result than the below aver-
age group within variable MRUUD – lengthwise standing on 
the balance bench with right foot. The above average group 
(AA) scored for average of 7,63sec less than the average 

Figure 1. Graph of Z group values within morphological and 
motor manifest variables
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group (A), on average of 19,62sec less than the below av-
erage group (BA). There are noticeable differences within 
all three groups for variable MRUB - lengthwise standing 
on the balance bench with both feet. Statistically significant 
difference between the above average (AA) and below av-
erage (BA) groups, with a difference of average 11,54 sec. 
Statistically significant differences were detected within 
variable MRPB – between groups above average (AA) and 
below average (BA) for average score of 11,38sec. Within 
coordination abilities, a significant difference between the 
above average (AA) and below average (BA) groups was 
determined for variable MKP3N - three-ball slalom with 
hands, or 11,48 sec in favor of the above average group 
(AA). Significant difference was found in MTTEST – T test 
for assessing agility, where the above average group (AA) 
achieved better score on average of 0,71 sec than the be-
low average (BA) group. 

Discussion

In a sample of 59 men, 17,4 to 63,8 kg/m2, Hue (Hue et 
al., 2007.) determined, using regression analysis that a 
larger body mass has a negative effect on overall stabil-
ity index. Similar results found Goulding (Goulding et al., 
2003.), on a sample of 93 men aged 10 – 21 years. Most 
authors and studies results revile that excess of body mass 
– high BMI negatively affects the mechanisms responsible 
for maintaining a high level of postural stability (McGraw 
et al., 2000.). Results of this study also show differences 
in total body mass between groups, where above average 
results (AA) have a much lower total body mass than the 
below average (BA) group of respondents, based on the 
overall stability index, so that higher body weight directly 
contributes to worse postural balance, resulting a worse 
expression of motor skills. 

Body height highly correlates with lateral stability of the 
knee joint and postural balance (Kejonen et al., 2003.). The 
results were obtained using tensiometric platform, on a 
sample of 100 respondents (50 male, 50 female), through 
regression analysis of anthropological measures of lower 
extremities, height and weight of subjects. Results of this 
study show that respondents of above average group (AA) 
have a lower body heights and have a better quantitative 
score of overall stability index (OSI) than the below average 
group (BA) who are taller. 

In a sample of 21 amateur soccer players, aged 26 ± 3,3 
years, with weight of 74,6 ± 8,5kg and height of 176,8 ± 
6,1cm, Gstöttner (Gstöttner et al., 2009) investigated the 
differences between the levels of stability between domi-
nant and non-dominant legs. Stability level was determined 
using Byodex balance system (BB) and Terax System. Dif-
ferences were determined using student T test. Lack of 
significant differences between the scores of legs stability 
was found, with a slight tendency to greater stability in the 
non – dominant leg. Statistical differences were not found in 
the medial – lateral stability, p - ,23. Results of this research 

have actually found biggest differences between above av-
erage and below average groups, within tests of unilateral 
character for medial – lateral stability. Guided by previous 
research and the results gain in this, it can be concluded 
that there are individually small differences of unilateral sta-
bility, but they are significantly expressed between subjects 
with different levels of overall stability index (OSI).

Complexity of the management mechanism of the central 
nervous system issues for coordinating movements was 
research subject for many scientists (Sahan, 2009.). The 
largest research contribution for exploring the impact of 
CNS to establishment of the movement, gave Bernstein 
who formed the so – called „Bernstein problem“ (Latash, 
2004.). Hatzitaki (Hatzitaki et al., 2002.) determined rela-
tions between balance and coordination and visual infor-
mation processing, on a sample of respondents aged 11 
– 13 years. Test consisted of balancing on one foot on the 
platform, which measures deviations and changes when in 
balanced position, while subjects were performing differ-
ent tasks. Research results show high correlation between 
static balancing on one leg with receiving and processing 
information, which is essential for establishing basic sta-
bility control. Influence and relation of coordination with 
postural stability, studied by Wong (Wong et al., 2001.) 
using a sample engaged in Thai Chi, aged 2 – 35 years (n 
= 35) and control group (n = 14). Using tests for dynamic 
and static balance, he established the existence of differ-
ences in levels of postural balance between those engaged 
in Thai Chi and control groups, especially when performing 
complex balance tests. There was no high influence of age 
duration in sport to a postural balance. Author concludes 
that complex coordination training, as found in Thai Chi, 
helps maintaining the level of balance abilities, and that co-
ordination training has acute effects on increasing postural 
stability. Given that coordination is closely related to body 
stability and agility, which depend on processing visual in-
formation, results of this research confirmed former find-
ings. In fact, the largest group results differentiation, above 
average (AA) and below average (BA), by the quality of the 
overall stability index (OSI), have been found within test for 
legs coordination – MKP3N and legs agility (MTTEST), in 
the area of coordination and agility. 

It is obvious that a higher level (lower overall stability in-
dex coefficient) of steady quality, positively affects situ-
ational manifestation of balance, coordination and agility. 
Boys classified into average and above average groups, 
based on OSI, state better results in solving complex motor 
coordination tests in continuity and better proprioceptive 
abilities also. These groups of boys also have a lower body 
weight and height, which is associated with researches of 
other authors who have proved with scientific methods that 
those with lower body mass and height have better coor-
dination – balance abilities. Result were also confirmed by 
multivariate test for significance of classifying into groups 
(Table 2), showing the greatest statistical differences be-
tween groups. 
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Conclusion

The results obtained by measuring the stability index using 
Byodex Balance System (BBI), morphological characteris-
tics and motor abilities: balance, coordination and agility, 
have valid and usable value, considering respect of protocol 
for measuring and using valid measuring methods. Boys 
aged 10 – 14 years, divided into groups depending on their 
level of overall stability index, significantly differ in morpho-
logical characteristics and balance and coordination abili-
ties. Boys classified as above average (AA) are smaller in 
height with lower body mass, and score better results in 
field test for unilateral medial – lateral balance, legs coordi-
nation and legs agility. Considering the high level of differ-
entiation potential of boys with high overall stability index, 
set of variables for assessing morphological characteristic 
and motor abilities applied in this research, can be a partial 
contribution for forming models of selecting boys for sports 
(almost all sports) dominated by neuro muscular apparatus 
abilities and movement regulation mechanisms. It should 
be noted that all tests are field feasible. Stability index is a 
great indicator for selecting boys into complex sports. 
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Summary 
Children in their motional activities have more and more contents of static nature, or even contents od dynamical nature that are not of 
sufficient quality to cause the appropriate transformation of the anthropological status. Because of a lifestyle like that, feet deformities 
occur, and they can cause pain in the lower extremities, disrupt the normal structure in relations of the lower extremities (X or O legs) 
and even cut back the child’s desire for further excercising of motional/sports activities. The goal of this research is to determine the 
effects of deformity removal program on samples of boys and girls at the age of 10 and 11. The analysis of determining the deformities 
was performed by Mayer’s method for valuation of feet posture at a total sample of 85 examinees, and the statistical verification of the 
reaction to the program was performed with the use of T – test for the dependent samples. The results obtained during the research 
have shown that the corresponding program may affect the reduction or removal of the analysed deformity. The program applied to this 
research can be recommended for further work and use on populations similar or identical anthropological features.

Key words: Hypokinesia, Programmed excercise, Transformation processes

Introduction

The trend of reduced movement of children is causing the 
increase of obesity in children’s and adolescent age, result-
ing in overweight and occurence of different disorders in 
body posture (Yosinaga et al., 2002). One of the disorders 
that also appears as a result of reduced movement of chil-
dren is feet deformity (Cousins et al., 2013). Child’s foot is 
made of many muscles, tendons, neurovascular elements, 
ligaments and 26 and 32 articular surfaces (Mauch, 2007). 
The functions of feet are the function of passive-static load 
by standing and the active elastic-dynamic function by 
moving in space (Mađarević and Mustafičić, 2010). These 
two seemingly opposite functions (stability and elasticity) 
are achieved thanks to vaulting that are determined accord-
ing to the points that are most exposed to the pressure. 
Those are: heel, the head of the first and the fifth metatar-
sus. When the points between these bones are connected, 
three vaults are obtained: longitudinal inner vault, longitudi-
nal outer vault and transverse vault. The height of the longi-
tudinal vaults is determined by the bone shape, the muscle 
strength and the resistance of the ligaments (Morrison et 
al., 2007). A baby is born with flat feet, and the feet vaults 
are not formed until the baby’s first steps (Hadžikadunić 
and Balta, 2000; Hadžikadunić and Mađarević, 2004). The 
feet vaults should be fully formed until the age of three. A 

well developed feet vault is characterised by: pear-shaped 
form of the heel, the front part of the feet connected to 
the heel with a narrow connector, noticeable angle at the 
transition from the connector to the front part of the feet 
and clear prints of all five fingers. Deformities in the struc-
ture or the shape of one foot bone are causing disorder in 
the function of the foot. These malformations are progres-
sively increasing during the growth and cause secondary 
changes (Antropova and Koljcova, 1986) on the contigu-
ous and distant segments (knee, hip, spine). The circle of 
the occurrence of feet deformity starts with the change of 
shape and position of the feet, because of the load oftenly 
cause by walking, and so the feet shape changes function-
ally, aesthetically and structurally (Kovač and Smajlović, 
2006; Jovičić, 2007). Functionally disturbed feet that do 
not carry any load, have a regular shape and all the vaults 
can clearly be seen. Only in the support the lowering of the 
vaults occurs. In this research the feet deformity is deter-
mined by taking the plantogram – a barefoot footprint, after 
which there has been an evaluation of the deviation of foot 
posture, done with Mayer’s method. After determining the 
deformity, a program for reducing on removing it has been 
used, which showed the effects of the conducted excer-
cise program, which was the goal of this research.



HOMO SPORTICUS ISSUE 2 2014 27

Methods

Examinee sample
The analysis of children’s feet posture is conducted on a 
sample of (n=40) boys and (n=45) girls at the age of 10 
and 11. All the examinees have approached the same foot-
print measurement – plantogram. The parents have been 
introduced to the purpose and the method of the testing 
and they have aggreed to the realisation of this research. 

Sample of variables
The variable used for determining the feet deformity was 
obtained measuring the deviation of the middle part of 
the foot from the drawn Mayer’s line (Cvjetičanin, 1993, 
pg.23). The result is registered in milimeters (mm). The 
measuring is done before (initially) and after (finally) the 
conducted excercise program.

The decription of the measuring 
technique
One of the method for feet deformity diagnosis is taking 
colour footprints and transferring it to the paper. In that 
way, the shape of the foot is coppied at full support and we 
get a two-dimensional print (the examinees step with their 
dominant foot on a provided paint-soaked pad and they 
performe the appropriate pressure, and they do the same 
thing on a blank paper). Based on the print, the degree of 
the lowered foot is being determined. Mayer’s method for 
determining the feet deformity is used to determine the de-
formity (Cvjetičanin, 1993, pg.23). The valuation is done as 
follows: the measurer draws a line from the middle of the 
heel print to the medial edge of the forth toe (AB line) and 
then the measuring of the deviation of the foot vault is done 
which is recorded in milimeters (Picture 1). In case that the 
width of the middle narrow part of the footprint exceedes 
Mayer’s line on the medial side, the examinee has a lowered 
foot. If the part of the foot is set before Mayer’s line, then 
we have a enlarged foot vault. Because of the simplicity 
and possibility of discovering the deformation in the early 
phase, this method is most easily acceptable for routine 
determining of lowered feet (Trošt et al., 2005). The results 
of the measurement are necessarily told to the examinee. 

A program for removing or reducing feet 
deformity
Excercises for removing or reducing feet deformity were 
applied every day, in a period of one hundred (100) days. 
Excercises were divided into two periods of day: forenoon, 
when first to seventh excercise are applied for a period of 
three minutes each (21 minutes in total) and afternoon 
when eight to fourteenth excercise are applied for a period 
of three minutes each (21 minutes in total). Therefore, to-
tal daily excercising lasted for forty-two (42) minutes. To 
avoid the monotony of the excercising, different excercises 
before noon and after noon are deliberately applied (Nemec 
and Nemec, 2009; Malešević and Milijević, 1983). Con-
sidering that only strong enough and regularly performed 
excercises can give satisfactory results (Karaiković, 1986) 
and in order to avoid  the formal approach to the realization 
of excercises, children and their parents are introduced to 
the regular way of performing the excercises (Findak and 
Stella, 1985). To parents who previously approved con-
ducting the excercise program, the importance of the su-
pervision that they have to conduct during the realization of 
excercising was specifically emphasized. All the students, 
no matter their degree of deformity, were provided with the 
same excercise program (Table 1).

Picture 1. Schematic 
overview of the 

evaluation – Mayer’s 
method

                          EXCERCISE DESCRIPTION                                DURATION                          APPOINTMENT

1.
The excercise begins with the flexion of the toes, 
and then fan-shaped expansion. Toes are inter-
mittently expanded and shrunken.

3 min 07:15 to 07:36

2.

A rope that has 1 cm diameter and is 1 m long 
is placed on the ground. Toes are lifted and ex-
panded ansd the rope is reached that then goes 
under the feet. This motion is repeated until the 
whole rope is pulled over. It is excercised with 
both legs at the same time.

3 min 07:15 to 07:36

3.
The excerciser walks on the front part of his feet, 
while his heels are lifted above ground.

3 min 07:15 to 07:36

Table 1. The excercise program for removing or reducing feet deformity
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Data processing methods
For determining the effects of program for removing chil-
dren’s feet deformity, T – test was used for dependent 
samples on a level of statis significance on a level of 
p<,05. The results were processed in a program package 
IBM SPSS 22 for Windows.

Results

The results of T-test for dependent samples – boys (Ta-
ble 2), that was realized as an extracurricular activity, 
have shown positive effects of the conducted program in 
a duration of 100 days. The results clearly show that the 
deviation from Mayer’s line in the final measurement had 
decreased by 2 mm, which shows statistically significant 
changes on the level p< 0,001.

Table 2. T test for dependent samples, Boys/Boys before and 
after programs

Mean S. D                S.E.D                             t df Sig.

Initial measuring ,06 0,53 ,004 3,50 36 ,00

Final measuring ,04 ,029 ,004 3,50 36

Mean - average value, SD - standard deviation,  SED - Std. Error 
Difference,  t-Degrees of liberty, df – Difference, Sig- Significance of 

differences between the groups

The results of the T-test for dependent samples – girls 
(Table 3) have also shown positive effects of the conduct-
ed program. The duration of the proram realization is 100 
days and it was realized as an extracurricular activity. It is 
noticeable that the deviation from Mayer’s line in the final 

4.
The excerciser bends his toes and feet (convuls-
es them) and he moves back and forth that way.

3 min 07:15 to 07:36

5.

Sitting on the ground, resting hands behind the 
back and legs bended in the knee. Feet are on the 
ground. We lift one leg and intermittently touch 
the knee of the other bended leg first with toes 
and then heel.

3 min 07:15 to 07:36

6.

The excerciser grabs the rope of 1 cm diameter 
and 1 m long using the toes of one foot and lifts 
it up. While holding it up, he tries to take the rope 
with the toes of his other foot.

3 min 07:15 to 07:36

7.
A paper tissue is fixated with one foot, while it is 
being ripped in many small pieces by the other 
foot. 

3 min 07:15 to 07:36

8.
We grab a pencil with each of our feet and act like 
we are knitting. 3 min 16:00 to 16:21

9.
We scatter popcorns, marbles, small toys around 
the ground. They are lifted from the ground with 
toes. Right leg to the left arm and conversely.

3 min 16:00 to 16:21

10.

While standing, intermittently, we place foot by 
foot on a tennis ball, we transfer the weight of our 
body on the ball, rubb it on the ground, squeeze it 
and roll it. First one foot, and than the other.

3 min 16:00 to 16:21

While holding small toys with his toes, the excer-
ciser walks on his heels. It is important that the 
toys don’t fall on the ground.

3 min 16:00 do 16:21

12.
The pencil is placed between the big toe and the 
toe next to it. We fixate the paper with the other 
leg.  The task is to draw an optional object.

3 min 16:00 to 16:21

13.
On the ground we place a rope of 1 cm diameter 
and 1 m long. The excerciser walk on it on the 
front part of his foot. 

3 min 16:00 to 16:21

14.
Place a hoop on the ground (standard shape and 
size). While walking on it, the excerciser is bal-
ancing like he is walking on a rope.

3 min 16:00 to 16:21
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measuring has decreased in 3 mm, which shows the sta-
tistically signicifant changes in feet posture, on a statical 
level of p< 0,001. 

Table 3. T – test for the dependent samples Girls/Girls before 
and after programs

Mean S. D                S.E.D                                   t df Sig.
Initial 
measuring ,05 ,047 ,004 2,90 32 ,00
Final 
measuring ,02 ,023 ,004 2,90 32

Mean - average value, SD - standard deviation,  SED - Std. Error 
Difference, t-Degrees of liberty, df – Difference, Sig- Significance of 
differences between the groups

Discussion

The defined goal of this research by which the effect of feet 
deformity removal program was supposed to determine is 
confirmed. Before the excercising it is found that feet de-
formity is present with boys so that, out of 40 examinees, 
37 of them have a deformity, while in the population of 
girls, out of 45 examinees, 33 of them have a registered 
disorder in feet posture. These feet deformity relations, 
related to gender and age, are also defined in a research 
conducted by Bokan and Borković (2006) and also in a 
research conducted by Mihajlović et al. (2008) where it 
was found that a slightly higher number of male examinees 
have a conspicuous disorder in feet posture. After deter-
mining that both populations have changes on their feet, 
the practice of feet deformity removal program has been 
approached. Both with boys and girls, no matterwhat de-
gree of deformity they were specified, same activities have 
been used. After the realization of the progeam, which was 
supported by their parents in a way that they have given 
a written consent that they will and have actively super-
vised everyday excercising, and after the expiration of the 
100 days period, we approached re-taking the footprints. 
Statistical indicators have confirmed that there has been a 
decrease both the magnitude and the number of deformi-
ties, which is in accordance with the results of a research 
by Kendović et al. (2007) which also confirmed that the 
number of deformities is decreasing  with the passing of 
excercise time and children’s growth. In the conducted re-
search, the effects of the program are successful for both 
populations. The program is applyable also for a sample 
that Medojević and Jakšić (2007) treated in their research, 
by which the differences between the number and the kind 
of deformities with male and female population were es-
tablished, and where it had to be reacted in a right way 
of removing or reducing them. Reducing or removing feet 
deformity, which occurs as a result of this program will 
positively affect also the development of children’s motor 
skills because De Toia et al.  (2009) have found that there 
is a connection between violated anthropometry and motor 
skills of preschool children population. Positive effect was 
created with the applied program equally with boys and 

girls, and the same one can be used to remove or reduce 
feet deformity with both genders, which is similar to the 
conclusions in the research by Mihajlović et al. (2010). 
Pfeiffer et al. (2006) have concluded in their research that 
the program for reducing and removing feet deformity can 
be preventively used, therefore in this research too the 
conducted program can be recommended for preventive 
action.

Conclusion

There is a continuated need to educate parents, but also 
the teachers, in the field of noticing and recognizing body 
deformities. If both of them notice their presence on time 
(while they are in the phase of funktional disorder) the po-
sibility of rehabilitation is bigger and the entire procedure 
is more efficiant. It is good if the deformity is noticed dur-
ing the teaching process, and the teacher recommends 
a program that would bi realized during the curricular or 
extracurricular activities. It is also possible that the parent 
is the first one to notice the deformity and signalized it to 
the teacher in time. Then a certain program can be made, 
that is, like in this research, realized under the control of 
the parents in the form of an extracurricular activity. In both 
cases, the principal of unified action is fulfilled, which be-
sides the preventive nature also has an effect of increasing 
the whole motional activity of the children.
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Embedding Quality Assurance in Doctoral Education 
(EQADE)

In an attempt to bridge the gap between the current state of affairs in Bosnian- Herzegovinian (BiH) higher education 
(HE) and research and European good practice, the project Embedding Quality Assurance in Doctoral Education (EQADE) 
is primarily targeted at installing more effective quality assurance (QA) structures by designing and offering doctoral 
programs at all public universities in BiH. The project specifically focuses on quality management and administration of 
doctoral education at the level of universities. A priority was aimed at the development of consistent quality standards in 
doctoral education on a university-wide basis and on the level of BiH. In order to introduce and establish a new system of 
III cycle study programs, aligned with Bologna Principles, ENQA Standards in QA and, most importantly, Salzburg Princi-
ples, the project methodology relies on the following three phases which roughly correspond to respective project years:

Phase I – the first project year was largely dedicated to building institutional capacities of eight BiH universities for (a) 
enhanced promotion of doctoral education and research and (b) accepting and installing new modes of developing and 
delivering doctoral education. This phase entailed maximum engagement of university stakeholders, both internal (admin-
istrative staff, teaching staff, management and students) and external (ministries of education, BiH Agency for Develop-
ment of Higher Education and Quality Assurance (HEA), etc.).

Phase II – the second project year mostly focused on the conceptualization, formulation and acceptance of quality stan-
dards and procedures in doctoral education within the BiH academic community. This project phase presupposed active 
participation of HEA and involved ministries of education for the purpose of assuring wider acceptance of standards and 
their official adoptions by relevant public authorities. Furthermore, dissemination of project results, or more concretely, 
promotion of standards played a significant role in this project phase with an aim to better prepare the overall BiH aca-
demic community for external program evaluations and accreditations in doctoral education.

Phase III – the final project year is devoted to “testing” the previously developed
methodologies and structures through the preparation and external evaluation of eight
new PhD programs.

Wider Objective:

Promotion and support to development of state-of-the-art doctoral education at public
universities in Bosnia and Herzegovina in line with Bologna Process action lines and
Strategy for Development of Science in BiH 2010-2015.

Specific Project Objectives:

1. Integration and more Efficient Management of Doctoral education at eight public BiH universities by the end of 
2013

2. Formulation and adoption of Quality Standards in Doctoral Education at university and state level by the end of 
2013

3. Development of one doctoral program per university (eight pilot projects) aligned with adopted procedures and 
quality standards by the end of 2014

Criteria and Indicators for Internal and External Quality 
Assurance in Doctoral Education

In the last 14 years the Higher Education (HE) sector has been in a continuous period of reform, especially since 2003 
when BiH signed the Bologna Declaration. A multitude of structural modifications have taken place: curricular develop-
ment in line with Bologna action lines, introduction of internal quality assurance (QA) systems and processes, and so 
forth. One large segment which remains to be confronted in the upcoming period is the restructuring of the third study 
cycle education, such as doctoral education. 
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Doctoral education was formally incorporated as the third cycle in the Bologna discussions in 2003, following an EUA 
project that identified the need to bring changes to Doctoral education, and the EUA Bologna Seminar in Salzburg that 
identified common principles for that level (EUA 2005), the results of which were included in the 2005 Bergen Commu-
niqué1.

The Bologna process promotes and recognizes autonomous integrated universities. On the other hand, BiH universities 
carry a legacy from the preceding Socialist system in which university administration was highly decentralized.  Although 
the process of institutional integration was completed at eight public universities, until today PhD education remains 
fragmented and centered solely on faculties and departments, rather than universities. Such disintegrated educational 
structures lead to dissolution of researchers and mentors, as well as to a lack of systematic and strategic approach to 
institutional research. PhD education is typically implemented by small groups of professors from the same scientific dis-
cipline and such programs are largely based exclusively on mentorship schemes rather than multidisciplinary programs. 
Hence, the BiH Higher Education Institutions (HEIs) fail to meet the needs of their fast-changing labor market and society. 
Universities as institutions need to take responsibility and ensure that the doctoral programs and research trainings they 
offer become designed to meet contemporary demands and include appropriate professional career development op-
portunities. 

A proper strategy with a clear vision and mission, which incorporates the international dimension, will be of significant 
support to all universities in pursuance of reaching common European Higher Education Area (EHEA) initiative. Rich 
diversity of doctoral programs in Europe – including joint doctorates - is strength which has to be underpinned by quality 
and sound practice2. 

In order to be accountable for the quality of doctoral programs, EQADE project served as a powerful instrument in the 
support of Higher Education institutions in BiH who contributed to the development of  Criteria and Indicators based on in-
stitutional priorities such as individual progression, net research time, completion rate, transferable skills, career tracking 
and dissemination of research results for early stage researchers, taking into consideration the professional development 
of the researcher as well as the progress of the research project3. 

These criteria and indicators are the result of all above mentioned need. Doctoral education and research in general, 
have lost their appeal. Lack of attractive doctoral programs negatively affects internal fluctuations of qualified staff from 
knowledge production into public administration and international organizations in effect causing a long-term deficit in 
high-potential research personnel. 

Criteria for Quality Assurance of PhD studies in BH

1. Institutional strategies and policies
2. Organization and structure
3. Resources and funding
4. Educational objectives and competences
5. Admission policy
6. Curriculum
7. Mentoring
8. PhD thesis and original research
9. Student assessment
10. Internationalization
11. Evaluation of the program

More deteailed information : http://eqade.com/

1 Sursock, A. & Smidt, H.(2010). Trends 2010: a decade of change in European Higher
Education, EUA 

2 Bologna Seminar On “Doctoral Programs for the European Knowledge Society” (2005) , Conclusions and Recommendations (Salzburg Principles), 
Salzburg.  
3 Salzburg II Recommendations, European Universities’ Achievements since 2005 in Implementing The Salzburg Principles (2010), EUA, Berlin. 
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HOMO SPORTICUS is the official publication of the Faculty 
of sport and physical education in Sarajevo. It publishes 
original scientific papers, review papers and professional 
papers relating to: physical education, recreation, sports, 
sport games, sport medicine, sport physiology, sport psy-
chology, sport sociology, sport philosophy, sport history, 
sport coaching, biomechanics, kinesitherapy, and dance. 
All material is assumed to be submitted exclusively unless 
otherwise stated, and must not have been published pre-
viously except in abstract form. Each author should have 
participated sufficiently in the work to take public respon-
sibility for the content and authenticity. 

Material should be written in MS WORD text editor, font 
Times Roman, 12. Paper should not exceed 16 pages with 
double spacing including tables, illustrations and referenc-
es. It should then be printed on one side with large margins 
(2,5 cm).
The order of the text should be as follows:

Cover page: Title page providing details for all authors in-
cluding surname, first name, degrees, complete address, 
telephone number and e-mail.

Second page: Provide on a separate page an abstract of 
not more than 200 words. Abstract is brief, comprehensive 
summary of the contents of the article which should clear-
ly describe the problem, purpose, participants, method, 
the findings, conclusions and the implications. Abstract 
should be written in English and Bosnian. 

Key words: not more than 5, characterizing the content of 
the pa per, should be written in English and Bosnian.

Text: Text should be divided in following sections - head-
lines: Introduction, Methods (including participants, ap-
paratus and procedures), Results, Discussion, Conclusion 
and References. All pages should be numbered consecu-
tively commencing with the title page. Do not import tables 
or figures in text.

Introduction: state the problem, subject, and aim of their 
research as well as the relevant findings of prior research.

Method section includes detailed description of research. 
It precisely states the: participants, phenomena or objects 
under observation - research as well as the apparatus and 
procedure. Any statistical method must be stated, and any 
not in common use sh o uld be fully described or supported 
by references. 

Results: state the results of research.

Discussion: Compare results of the work with previous 
published references. It is necessary to connect the con-
clusions with the aims of the work, but avoid statements 
and conclusions that do not follow from work. When the 
discussion is relatively brief it is preferred to combine it 
with the previous Result section, yielding Results and Con-
clusion section.

Tables: Tables must be typed on separate pages and 
should be followed by the reference list. All tables must 
be numbered consecutively and each must have a brief 
heading describing its contents. Tables must be referred to 
in the main text. All tables must be simple and should not 
duplicate information given in the text.

Ilustrations: Any illustration must be amrked with number 
according to their  location in tekst, has to be of high qual-
ity, resolution and clear for further editing. Size of illustra-
tions should be larger than it will be in final printed form.

References: The references in the text should be cited ac-
cording to the APA system (see: Publication Manual of the 
American Psychological Association. 4th Edition; see also: 
http://www.apa.org).

Paper
Send one printed copy of manuscript on paper. Editorial 
board has the final decision on publishin of the articles.
Manuscripts will not be returned.

Manuscripts that have not been written according to the 
instructions will be returned to the author for editing.

Submitted materials will be evaluated through blind review 
by at least two referees. Assessments by the referees will 
be presented anonymously to the author and, in the case of 
substantial reservations, the article will be returned to the 
author for correction. 

Send all materials to the folowing adrress by mail or per-
sonally:
Fakultet sporta i tjelesnog odgoja, 71000 Sarajevo, 
Patriotske lige 41 or to
e-mail: homosporticus@fasto.unsa.ba 
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