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INTRODUCTION
Almost all athletes are subject to injuries of 

the connective, muscle and bone tissue, and one of the 
causes of these conditions may be the inadequately 
designed and implemented training process (the warm-
up and the major part of the training session). Poorly 
organized training sessions can be prolonged during 
longer period of time, to avoid the consequences like 
tendinosis and tendovaginitis e.g. forearm extensors  
and the Achilles tendon among the tennis players and 
sprinters, overstretching or rupturing of the muscle fibers, 
tendoperiostosis e.g. lateral epicondyle of the humerus 
among the tennis players and tibia among the sprinters, 
etc. However, in elite sport, despite the fact that training 
sessions are usually designed and organized in an 
appropriate manner and that athletes demonstrate proper 
athletic technique, due to excessive muscle tension and 
stress to which the spine is exposed, there is a higher 
incidence of postural deformities (Yoo et al., 2001.; 
Bubanj S. et al., 2010.a,b) and spinal cord injuries (Torg, 
Guille, & Jaffe, 2002.; Malzac and Barros-Filho, 2002.;  
Maroon and Bailes, 1996.) followed by pain (Lundin, 

Hellstrom, Nilsson, & Sward, 2001.) and even fractures 
(Gill and Boden, 2008.;  Alyas, Turner, and Connell, 
2007.; Cantu and Mueller, 2003.). The aforementioned 
postural deformities, caused by extensive training, 
i.e. the chronic degenerative changes in connective, 
muscle and bone tissue, are far more problematic in 
terms of prevention and treatment than serious sports 
injuries, e.g. muscle fiber tearing, bone fractures, etc. 
In addition to the research results, which indicate that 
engagement in various sports activities can cause even 
spine deformities (Meyer et al., 2008.; McMaster, Lee, 
and Burwell, 2004.; Tanchev, Dzherov, Parushev, Dikov, 
and Todorov, 2002.; Wojtys, Ashton-Miller, Huston, and 
Moga, 2000.; Sward, Eriksson, and Peterson, 1990.), 
the results of other studies suggest a non-correlation 
but also a correlation, respectively, between the genetic 
and environmental factors and the incidence of postural 
deformities (Potoupnis, Kenanidis, Papavasiliou, and 
Kapetanos, 2008.; Warren, Gunn, Hamilton, Warren, and 
Hamilton, 1986.) or the incidence of postural deformities 
in relation to the gender (Holschen, 2004).  Kenanidis, 
Potoupnis, Papavasiliou, Sayegh, and Kapetanos (2008.) 
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concluded that systematic exercise is not related to the 
development of idiopathic scoliosis in adolescents. The 
aim of this research was to determine and quantify the 
frontal and sagittal postural status in the two elite athletes 
and to determine whether different sporting activities are 
related to potential postural deformities.

METHODS
According to Kenanidis et al. (2008.), a standard 

criterion for the determination of an athlete was applied: 
“A child that actively, continuously, and systematically 
practice a sport for ≥ 2 years prior to his/her participation 
in a study is considered as an athlete. Furthermore he/
she has to: follow a professional training schedule of at 
least 10 hours per week and be a member of an athletic 
association/club.” The sample of subjects consisted of 
two healthy, elite, male athletes, who are practicing in 
for different sports activities, i.e., tennis and sprinting, 
both aged 18, whose body height was 179.3 vs. 180.5 
in cm, weight 76 vs. 61.5 in kg, respectively. By using 
the “Spinal Mouse” device, the values of the following 
variables of the frontal and sagittal postural status were 
determined: the angle between the neighboring vertebrae 
Th1/2, Th2/3, Th3/4, Th4/5, Th5/6, Th6/7, Th7/8, Th8/9, 
Th9/10, Th10/11, Th11/12, Th12/L1, L1/2, L2/3, L3/4, 
L4/5, L5/S1, the angle between the sacral bone and the 
hip joint Sac/HipJ, the inclination of the thoracic spine 
ThoSpi, the inclination of the lumbar spine LumSpi, 
the inclination of the pelvis Incl (all of the previously 
mentioned variables are expressed in deg) and the length 
of the spinal column Length (expressed in mm). The 
subjects were measured while in a standing position, 
and in addition, different protocols of the upright 
standing position were applied: standing position with 
one arm holding a load (dumbbell of 2 kg) and raised to 
the front at shoulder level (the left as well as the right 
hand, respectively), standing position with legs straight 
and a trunk flexion of approximately 90 degrees in 
relation to the legs, standing position with legs straight 
and trunk in extension (up to 60 degrees) and standing 
position with legs straight and trunk in the left and 
right lateral flexion (up to 75-85 degrees). The “Spinal 
Mouse” device (Quantum Health and Wellness Ltd, 
Wallasay, England) possesses a non-invasive ultrasound 
technology and methodology for assessing the postural 
status, i.e. the examination of the spinal column of the 
subjects (Zsidai and Koscis, 2001.). The research was 
carried out according to the Helsinki Declaration at the 
Faculty of Sport and Physical Education in Niš. The 
subjects were informed about the tasks they were given 
before the measuring, whereupon they gave their written 
agreement to participate in the project in accordance 
with the Helsinki Declaration. In order to process the 
given data, the “SPSS version 15” package was used.  
The Kolmogorov-Smirnov One-Sample test was used to 
test the postulate about the normal distribution of values 
in examined variables of the postural status, while the 
test for a two independent samples was implemented in 
order to determine any significant difference in the values 

of the postural status in different positions between the 
subjects. Obtained results were also presented by means 
of tables and graphs, descriptively (Pallant, 2007.).

RESULTS AND DISCUSSION
Statistical significances of Kolmogorov-

Smirnov test for normality of distribution in values of 
frontal and sagittal postural status measures showed 
that all measures were distributed normally (sig.>0.05). 
T-test results for differences in frontal postural status 
(table 1.) and in sagittal postural status (table 2.) between 
the tennis player and the sprinter showed no significant 
differences (sig.>0.05).
However, postural deformities were determined both 
within the tennis player and in sprinter.

Concerning the obtained values that have 
defined the static and dynamic frontal plane values of 
the tennis player (Table 3.), the discussion is as follows:

In the upright standing position, the position 
of the spinal column and the pelvis tilt were within the 
normal value range. The position of the spinal column 
was at the angle of 6 deg, while the angle between the 
sacral bone and the hip was 3 deg. Based on regional 
analysis, the existence of the right thoracic functional 
scoliosis and left lumbar functional scoliosis can be 
reported. Hence, the compensator duplex scoliosis 
can be determined. By analyzing the local individual 
segments of the spinal column, there was an obvious 
disproportion of certain segments, expressed by the 
aberration of at least 1 deg up to 3 deg. It’s been found 
that the thoracic and lumbar curves behaved identically 
in trunk movements in the frontal plane are encouraging. 
In the case of lateral flexion to the right and left side, the 
angle of the spinal column was identical and amounted 
to 25 deg in the thoracic spine and 8 deg in the lumbar 
spine, indicating the mobility of all individual segments 
of the spinal column, and confirming the fact that 
there was neither a serious damage to the locomotive 
apparatus, nor the appearance of segment ossification 
in the spinal column and the shortening of the ligament 
apparatus. The inclination of the pelvis in the upright 
standing position was shifted to the right (Incl. = 6 
deg), which explains the difference within the obtained 
inclination of the pelvis during the lateral flexion to the 
left and to the right side (Incl.L. = 27 deg vs Incl.R. = 
22 deg).

By using additional tests, while diagnosing 
posture and musculature during the standing position 
with one arm holding a load (dumbbell of 2 kg) raised 
to the front at the shoulder level (the left and right hand, 
respectively), some observations and conclusions are 
given as follows:

When the load of 2 kg was in the right hand 
raised to the front at the shoulder level, the inclination 
of the trunk and the position of the subject were almost 
identical to the inclination and position within the upright 
standing position (Upright = -3.6 deg), while when the 
load of 2 kg was in the left hand, it caused a shift and 
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Table 1. T-test results for differences in frontal postural status
 between the tennis player and the sprinter

Position sport N Mean Std. Deviation Sig.

LLF* 1,00 12 2,42 2,875 0.3482,00 12 3,42 2,193
Up† 1,00 12 1,25 ,965 0.7872,00 12 1,42 1,881

RLF‡ 1,00 12 2,50 1,883 0.6372,00 12 2,08 2,353
N (Th1/2, Th2/3, Th3/4, Th4/5, Th5/6, Th6/7, Th7/8, Th8/9, Th9/10, Th10/11, 

Th11/12, Th12/L1, in deg)
LLF* 1,00 5 3,00 1,871 0.2642,00 5 4,40 1,817
Up† 1,00 5 1,40 1,140 0.5452,00 5 1,80 ,837

RLF‡ 1,00 5 1,20 1,095 0.8032,00 5 1,40 1,342
N (L1/2, L2/3, L3/4, L4/5, L5/S1, in deg)

LLF* 1,00 4 18,75 8,884 0.1752,00 4 30,25 12,038
Up† 1,00 4 4,75 1,258 1.0002,00 4 4,75 3,775

RLF‡ 1,00 4 16,75 8,057 0.3092,00 4 25,00 12,490
N (Sac/HipJ, ThoSpi, LumSpi, Incl, in deg)

*Left Lateral Flexion of the Trunk  (LLF); †Upright Position (Up); 

‡Right Lateral Flexion of the Trunk (RLF) 1,00 (tennis player); 2,00 (sprinter)

Table 2. T-test results for differences in sagittal postural status
 between the tennis player and the sprinter

Position sport N Mean Std. Deviation Sig.
Up* 1,00 12 4,4167 2,42930 0.0862,00 12 1,8333 4,34497
Fl† 1,00 12 4,6667 3,25669 0.5002,00 12 3,5833 4,39955
Ex‡ 1,00 12 4,0000 2,66288 0.0762,00 12 1,2500 4,37191

N (Th1/2, Th2/3, Th3/4, Th4/5, Th5/6, Th6/7, Th7/8, Th8/9, Th9/10, Th10/11, 
Th11/12, Th12/L1, in deg)

Up* 1,00 5 -4,0000 3,93700 1.0002,00 5 -4,0000 3,16228
Fl† 1,00 5 5,0000 1,87083 0.8832,00 5 5,2000 2,28035
Ex‡ 1,00 5 -5,0000 3,08221 0.5442,00 5 -6,6000 4,72229

N (L1/2, L2/3, L3/4, L4/5, L5/S1, in deg)
Up* 1,00 4 7,5000 30,85990 0.7972,00 4 2,7500 17,07581
Fl† 1,00 4 64,7500 34,02328 0.8882,00 4 68,7500 42,42935
Ex‡ 1,00 4 -5,2500 34,28678 0.4212,00 4 -24,0000 26,57066

N (Sac/HipJ, ThoSpi, LumSpi, Incl, in deg)
* Upright Position (Up); †Flexion of the Trunk (Fl);

‡ Extension of the Trunk (Ex) 1,00 (tennis player); 2,00 (sprinter)
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Table 3. Comparative descriptive statistics of the frontal 
postural status

Segment
Tennis player Sprinter

LLF* Up† RLF‡ LLF* Up† RLF‡
Th1/2 (in deg) 1 2 5 8 1 1
Th2/3 (in deg) 10 3 1 1 2 2
Th3/4 (in deg) 1 1 2 2 0 7
Th4/5 (in deg) 6 2 3 5 1 6
Th5/6 (in deg) 1 1 2 2 1 0
Th6/7 (in deg) 1 0 6 1 0 2
Th7/8 (in deg) 1 0 1 2 0 0
Th8/9 (in deg) 3 2 4 5 1 4
Th9/10 (in deg) 0 1 1 4 1 0
Th10/1 (in deg) 1 0 0 2 1 1
Th11/12 (in deg) 3 2 1 3 2 1
Th12/L1 (in deg) 1 1 4 6 7 1
L1/2 (in deg) 6 1 2 5 2 0
L2/3 (in deg) 1 1 2 7 2 2
L3/4 (in deg) 2 0 2 4 1 3
L4/5 (in deg) 3 3 0 4 3 0
L5/S  (in deg) 3 2 0 2 1 2
Sac/Hip J (in deg) 15 3 12 17 4 28
Thoracic spine (in deg) 25 5 25 31 1 22
Lumbar spine (in deg) 8 5 8 27 10 10
Incl. (in deg) 27 6 22 46 4 40
Length (in mm) 432 456 468 461 483 472

 *Left Lateral Flexion of the Trunk  

inclination of the trunk backward (Upright = - 6.2 deg). 
Undoubtedly, the right side of the subject’s body (trunk, 
right side of the shoulder girdle and the right arm) was 
stronger than the left side, which is quite expected, given 
the fact that the subject is a professional tennis player 
and is right-handed.

By considering the postural status regionally, 
when the load of 2 kg was in the right hand raised to 
the front at the shoulder level, there were no negative 
changes, and all of the obtained results were within 
the expected range. The same can be said toward the 
individual segments relation to the spinal column. When 
the load of 2 kg was in the left hand raised to the front at 
shoulder level, a regional changes toward the spine were 
determined, with registered increment in the thoracic 
curve (Thoracic spine = 43 deg) and a decrement 
(reduction) of the lumbar curvature (Lumbar spine = -16 
deg). In local terms, the changes were recorded on the 
high thoracic vertebrae within the thoracic region of the 
spinal column (Th2/3 = 9 deg, Th3/4 = 2 deg).

Concerning the obtained values that have 
defined the static and dynamic frontal plane values of 
the sprinter (Table 3.), the discussion is as follows:

By analyzing the values of the spine, hips and 
pelvis positions, observed in the frontal plane, one can 
see large aberrations from the normal values and this 
discrepancy is evident not only regionally, but also 
locally, with clear critical points in certain regions of 
the spinal column. In the upright standing position, 

asymmetrical posture is registered, with the body’s 
centre of gravity (CG) shifted to the left (Incl. = 4 
deg). In addition to the completely shifted CG, double 
scoliosis of the spinal column was registered (duplex-
compensatory scoliosis), with the curvature to the left 
in the high thoracic region and a fixed curvature to the 
right in the low thoracic-lumbar region. In the upright 
standing position, the pelvis tilt was 4 deg, and the 
angle between the sacral bone and hip was also 4 deg. 
By observing all the segments of the spinal column 
individually, it can be concluded that the values of the 
angles of the analyzed individual vertebrae were in the 
range of normal to extremely bad (Th12/L1 = 7 deg). In 
the upright standing position, the results indicated the 
left thoracic spinal curve (Thoracic spine = 1 deg) and 
the right lumbar curve (Lumbar spine = 10 deg), while 
the values obtained in the case of the lateral flexion of 
the trunk to the left indicated the right thoracic spinal 
curve (Thoracic spine = 31 deg) and the right lumbar 
curve (Lumbar spine = 27 deg). The subject performed 
the Bending test, and while maintaining the position 
of the maximum trunk bend, in the level of the lower 
thoracic and upper lumbar vertebrae, a rib hump was 
determined. The aforementioned observation definitely 
indicated a serious problem that was affecting not only 
the muscular region, but also the ligament apparatus of 
that part of the body, which definitely was in the stage of 
a strong rotation. On the other hand, the obtained results 
indicated a trend of movement among certain segments 



48RIK, (1), 2013

Milenković, S.Bubanj, M.Živković, D.Živković, R.Bubanj, Ćirić-Mladenović, and Stojiljković

in the thoracic and lumbar region of the spinal column. 
Our observations were confirmed by the results obtained 
after lateral flexion of the trunk to the left and the right 
side, when a different degree of spinal column curvature 
was determined, and convexity was directly caused by 
the side of the lateral flexion of the trunk.

By the application of additional tests, while 
diagnosing the posture and musculature in a standing 
position, when the load of 2 kg was in the left and right 
hand (respectively) raised to the front at shoulder level, 
we came to the following observations and conclusions: 
the subject, while holding the load in his right hand, 

Table 4. Comparative descriptive statistics of the sagittal
 postural status

Segment
Tennis player Sprinter

Up* Fl† Ex‡ Up* Fl† Ex‡
Th1/2 (in deg) 7 2 2 -5 -6 -4
Th2/3 (in deg) 6 8 8 -1 13 -3
Th3/4 (in deg) 5 7 7 13 3 11
Th4/5 (in deg) 4 4 2 4 5 2
Th5/6 (in deg) 4 7 5 0 1 -1
Th6/7 (in deg) 1 -1 3 -1 1 -2
Th7/8 (in deg) 2 1 -1 0 4 6
Th8/9 (in deg) 7 8 3 4 4 6
Th9/10 (in deg) 7 6 4 3 7 -1
Th10/1 (in deg) 7 3 6 3 5 0
Th11/12 (in deg) 2 9 7 1 4 0
Th12/L1 (in deg) 1 2 2 1 2 1
L1/2 (in deg) 0 5 0 -1 3 -12
L2/3 (in deg) -1 8 -5 -2 5 1
L3/4 (in deg) -4 4 -5 -3 7 -8
L4/5 (in deg) -5 5 -8 -5 3 -7
L5/S  (in deg) -10 3 -7 -9 8 -7
Sac/Hip J (in deg) 1 71 -19 12 85 -27
Thoracic spine (in deg) 52 53 46 19 40 13
Lumbar spine (in deg) -19 27 -22 -20 29 -32
Incl. (in deg) -4 108 -26 0 121 -50
Length (in mm) 473 528 459 475 541 394

  *Upright Position (Up); †Flexion of the Trunk (Fl); 
                     ‡ Extension of the Trunk (Ex)

Figure 1. Frontal postural status in the standing position with lateral flexion of trunk to the left, 
the upright standing position and standing position with lateral flexion of trunk to the right

*Red color represents abnormality in the posture
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Figure 2. Sagittal postural status in the upright standing position
*Red color represents abnormality in the posture

Figure 3. Sagittal postural status in the standing position with flexion of the trunk.
*Red color represents abnormality in the posture

Figure 4. Sagittal postural status in the standing position with the trunk extension
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Table 5. The comparative general discussion of regional postural changes

Tennis player Sprinter

Determined regional existence of hiperkyphosis Determined regional existence of thoracic flat back

Determined regional existence of lumbar flat back Determined regional existence of lumbar flat back

Hip tilt not within normative values (dorsal) Hip tilt within normative values (dorsal)

Inclination within normative values (dorsal) Inclination not within normative values (dorsal)

Table 6. The comparative general discussion of local postural changes

Tennis player Sprinter

Determined non-harmonic distribution of curve between 
segments during trunk flexion

Determined dissolved kyphosis in some thoracic 
segments in upright standing position

Determined dissolved lordosis in some segments during 
trunk extension

Determined non-harmonic distribution of curve between 
segments within the thoracic spine in upright standing 
position

Determined local hyperkyphosis in some segments Determined dissolved kyphosis in some segments during 
trunk flexion
Determined non-harmonic distribution of curve between 
segments during trunk flexion
Determined local hypercyphosis in some segments

Determined harmonically distributed lordosis between 
segments in lumbar spine

Table 7. The comparative general discussion of changes in the mobility and flexibility of musculature

Tennis player Sprinter
Determined hypomobility of the thoracic spine during 
trunk flexion

Determined normal mobility (ROM) of thoracic spine 
during the movement from upright standing position to 
trunk flexion

Determined hypomobility of lumbar spine during trunk 
flexion

Determined hypomobility of lumbar spine during the 
movement from upright standing position to trunk 
flexion

Determined hypomobility of lumbar spine during trunk 
extension

Determined normal mobility (ROM) of lumbar spine 
during the movement from upright standing position to 
trunk extension

Determined hypermobility of  hip ROM during trunk 
flexion

Determined hypermobility of  hip (ROM) during the 
movement from upright standing position to trunk 
flexion

Determined hypermobility of  hip ROM during the trunk 
extension

Determined hypermobility of  hip (ROM) during the 
movement from upright standing position to trunk 
extension

Determined normal ROM of  total spine during the 
movement from upright standing position to trunk 
flexion

Determined hypermobility of  total spine during the 
movement from upright standing position to trunk 
flexion

Determined normal ROM of  total spine during the 
movement from upright standing position to trunk 
extension

Determined hypermobility of  total spine during the 
movement from upright standing position to trunk 
extension

Milenković, S.Bubanj, M.Živković, D.Živković, R.Bubanj, Ćirić-Mladenović, and Stojiljković
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Table 8. The comparative general discussion of local changes in mobility and flexibility

Tennis player Sprinter
Determined non-harmonic distribution of ROM between 
segments

Determined non-harmonic distribution of ROM between 
segments during the movement from the upright standing 
position to trunk flexion

Determined paradox motion of some segments during 
trunk flexion

Determined paradox motion of some segments during 
the movement from the upright standing position to 
trunk flexion

Determined relatively even distribution of ROM 
segments

Determined non-harmonic distribution of ROM between 
segments during the movement from the upright standing 
position to trunk extension

Determined paradox motion of some segments during 
trunk extension

Determined paradox motion of some segments during 
the movement from the upright standing position to 
trunk extension

moved the CG backward (Incl. = -8 deg). While holding 
the load in his left hand, the subject moved the CG 
backward somewhat with a smaller extent (Incl. = -7 
deg). It is doubtlessly a significant shift backward of the 
whole body in relation to the balanced position of the 
CG in an upright standing position, when the inclination 
of the body was 0 deg. The aforementioned observation 
was confirmed by the value of the determined kyphotic 
(thoracic) and lordotic (lumbar) curve. When the load of 
2 kg was in the right hand, the thoracic curve increased 
from 19 deg to 20 deg, while the lumbar curve increased 
from -20 deg to -26 deg.

It seems that the right side of the paravertebral 
musculature, due to the presence of severe right thoraco-
lumbar scoliosis, was weakened and the subject was 
trying to overcome the resistance, by changing the 
position of the CG and the weight of certain body parts. 
In a standing position, when the load of 2 kg was in 
the left hand raised to the front at shoulder level, the 
backward displacement of the CG was determined, as 
well as a slight difference in the kyphotic and lordotic 
curvature, indicating a preservation of musculature on 
the left (concave) side of the spinal column, the left 
arm as well as the shoulder area. The obtained results 
of this research on scoliosis are in agreement with the 
results of the research conducted by Sward (1992.), 
who found scoliosis in up to 80% of athletes with an 
asymmetric loading on the trunk and shoulders, such as 
javelin throwers and tennis players. On the other hand, 
the results of the research conducted by Kenanidis et al. 
(2008.) demonstrated that systematic exercise probably 
is not associated with the development of adolescent 
idiopathic scoliosis (AIS). Active participation in sports 
activities did not affect the degree of the main scoliotic 
curve either.

Concerning the obtained values that have 
defined the postural status of the tennis player in relation 
to the sagittal plane (Table 4.), it can be concluded 
that the inclination of the body was moved backward 
(Upright = -3.7 deg). This was caused by the negative 

inclination of the pelvis (Incl. = -4 deg), and not due 
to the increased lumbar curvature (Lumbar spine = -19 
deg). The determined reduction of the curvature in the 
lumbar spine (Lumbar Flat Back) was confirmed by the 
individual values of the lumbar vertebrae. Segmental 
relationships of the entire spinal column were within the 
normal (allowed) values, so there was no critical point 
during the upright standing position in the sagittal plane.

Trunk bending (flexion) in the subjects led to 
the appearance of critical values in some segments of 
the spinal column. The problems were registered in the 
thoracic region of the spinal column i.e. in the mid and 
the lower thoracic region (Th5/6-Th6/7, Th7/8-Th8/9, 
Th11/12-Th12/L1). In the case of trunk extension, the 
intersegment relation of the spine was within the normal 
limits. Generally, it can be concluded that the status of 
the spine, pelvis and hips, as seen in the sagittal plane, 
was satisfactory, that there were no structural changes 
in the segments of the spinal column, and we found no 
relevant indications of ossification of the aforementioned 
segments. Annotation may be imposed on the mobility 
and flexibility of the muscle regions, which primarily 
indicated reduced mobility in the thoracic and lumbar 
region (hypomobility of the thoracic and lumbar spine).

Concerning the obtained values that have 
defined the postural status of the sprinter in relation to 
the sagittal plane (Table 4.), a backward displacement 
of the CG was noted in the upright standing position 
(Upright = -0.4 deg). What is interesting is that the 
cause was not the angle of the pelvis, but the relation 
of the lumbar curve (Lumbar spine = - 20 deg) and the 
decreased kyphotic curve (Thoracic spine = 19 deg). 
This was confirmed by the regional status i.e. thoracic 
and lumbar flat back. Overall, the subjects lacked 
normal physiological curvatures of the thoracic and 
lumbar spine. Trunk bending (flexion) in the subjects 
generally did not lead to an increment in the degree of 
kyphotic curvature outside the normal range; however, 
it was higher than the curvature in the upright standing 
position (Thoracic spine Flex. = 40 deg). Nonetheless, 
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an individual (between segments) increased value was 
determined, which can be defined as segmental hyper 
kyphosis.

As for the mobility and flexibility of the 
musculature, it was at satisfactory level in the case of 
the movement of trunk flexion, as well as the trunk 
extension. Reduced mobility and flexibility in the 
lumbar region was determined during the trunk flexion. 
Excessive mobility was determined in the hip joint during 
the movements of trunk flexion and trunk extension. 
Observed locally (partially, between segments), not 
synchronized and paradoxical muscle activity was noted 
between some vertebrae, during movements of the trunk 
in the sagittal plane. Finally, it was noted that the subject 
had a correct body position viewed in the sagittal plane. 
And although it cannot be confirmed by the previously 
stated allegations that the sport in which a subject is 
engaged on a daily physical activity that results, should 
be taken into account as years of permanent training. 
The obtained results concerning the sagittal postural 
status of the sprinter are in accordance with the results 
of the research conducted by López-Miñarro and 
Cárceles (2010.) who reported, based on a sample of 
140 adolescent paddlers, that 63% of the subjects had a 
normal thoracic curve in a standing position and 91.2% 
subjects with a moderate or slight kyphotic posture 
in maximal trunk flexion. Also, the aforementioned 
results are in accordance with the research conducted by 
Ashton-Miller (2004.) who reviewed the biomechanical 
scenarios that could lead to an increase in kyphosis in 
the immature athlete via excessive mechanical loading.

CONCLUSION
We can conclude, as seen from the frontal 

plane, that there are discrepancies in the proper posture 
in both subjects in the upright position. The obtained 
results confirmed the existence of bad scoliotic 
posture, both in the tennis player and the sprinter. But 
the essential difference was reflected in the degree 
of damage and the location. For the tennis player we 
determined a functional scoliosis with a convexity to 
the left, i.e. a deformity determined by the angle of 
the spine and pelvis, which was 5.6 deg to the left. In 
this subject, there was no severe partial scoliosis with 
evident changes in the ligamentous apparatus, and the 
muscles within the concave side of the spinal column. 
Confirmation of this conclusion was obtained by using 
the ‘’Bending’’ test and taking an active stance, as well 
by using the position of the hang on the high bar by the 
tennis player, where the spinal curvatures, viewed in the 
frontal plane, were corrected. The aforementioned hang 
on the high bar had a positive impact on the complete 
symmetry of the so-called ‘’Lawrence’s’’ triangles, as 
well as on the muscle tone of the paravertebral muscles. 
Unfortunately, this is not true for the subject engaged in 
sprinting, i.e. for his appearance and position of the spine 
viewed in the frontal plane, as well as for the condition 
of the muscular-ligamentous apparatus in the thoracic 

and lumbar regions of the trunk. In his case, testing has 
revealed a serious change in the partial regions of the 
spinal column. The ‘’Bending’’ test has revealed the 
existence of a rib hump, which confirms the existence 
of serious changes in the muscular-ligamentous-skeletal 
apparatus. In the case of the sprinter, right thoraco-
lumbar scoliosis was determined, which cannot be 
corrected by bringing the body either into the position 
of the hang on the high bar, or by active muscle tension 
of the whole body. Based on the obtained information 
and the data from both subjects, it is necessary to 
be very careful with making any conclusions, i.e. 
the possible causes that have contributed toward the 
changes in posture (scoliotic bad posture), or the extent 
to which the general and specific physical activities 
used in training process of both subjects contributed 
toward these changes. According to many authors, it 
has already become an axiom, that tennis and sprinting 
are sport disciplines which have a direct impact on the 
anthropological transformation of athletes, but are not 
classified within the same group of sports. Sprint is a 
mono-structural sport discipline, dominated by cyclic 
movements, unlike the tennis, which is a poly-structural 
sport dominated by the complex movements of both 
types, i.e., cyclic and acyclic. According to the structure 
and nature of the movements in the training process of 
the two subjects, particularly according to the specific 
techniques in performing the elements of the straight 
run and tennis stroke, more pronounced changes were 
expected in the muscle tone, the ligamentous apparatus 
in the thoracic and lumbar region of the trunk, as well as 
the position of the spine in the frontal plane of the tennis 
player. However, the obtained results were exactly the 
opposite. Based on the results, we can assume that 
the changes in the locomotor apparatus of the tennis 
player, i.e. functional changes that were reflected by 
the increased muscle tone of the dominant forearm 
and dominant upper arm, as well by the differences in 
longitudinal dimensionality of the upper extremities, are 
a direct consequence of years of continuous involvement 
in sport. Changes in the locomotor apparatus in the 
sprinter were, unfortunately, caused by a rapid and 
sudden growth. Namely, the aforementioned subject, 
while providing basic information and family case-
history, indicated a growth of over 18 cm during one 
calendar year. So, the changes in the spinal column 
and muscular-ligamentous apparatus were caused by 
the unbalanced and uneven growth and development of 
skeletal and muscular-ligamentous systems, and not by 
the training process, i.e., sprinting and specific athletic 
exercise.
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Apstrakt
Целта на истражувањето беше да се утврди и квантификува фронталниот и сагиталниот 

постурален статус На двајца врвни спортисти. Тие беа од машки пол и со добра здравствена состојба. 
Едниот се занимавал со тенис, а другиот со спринтерско трчање. Со употребата на  апаратот “Spinal 
Mouse” се утврдени вредностите на одделн варијабли на фронталниот и сагиталниот постурален 
статус во текот на различни протоколи на исправениот став на телото на спортистите. Со примена 
на Колмогоров-Смирновиот тест, проверена е хипотезата за нормалната дистрибуција на вредностите 
за анализираните варијабли на постуралниот статус на испитаниците. За утврдување на статистички 
значајните разлики на тие вредности во различни положби на исправениот став на испитаниците, 
применет е  t-тест за независни примероци. Добиените резултати од примената на овој тест и 
соодветните дескриптивни статистички параметри, укажаана егзистенцијата на различни  постурални 
нарушувања на испитаниците. 

Klu~ni zborovi: ‘rbetni deformiteti, “Spinal Mouse”, komparativna analiza, teniser, 
sprinter, motorno testirawe, Kolmogorov-Smirnov test, t-test
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