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numerous chronic health problems ank /
injuries that affect their performance in

sports. The handball game is characterized by dysranand mobility, with constant and
rapid changes of body positions and technique eMsndue to certain characteristics of
handball as a sport (parts of the technique tha asymmetric due to playing with one hand)
there is a reasonable doubt that handball playems exposed to factors that can cause a
development of postural deformities. The aim ofstiuely is to investigate whether scoliotic
posture is a frequent occurrence in adolescents wéio handball, and whether there is a
correlation between the relevant indicators of ioyper body posture and the dominant hand
with scoliotic body posture in handball players.eT$tudy was conducted on a sample of 98
adolescents aged 13-18 who had been involved intréim@ing process for over three years
and were tested with clinical Adams forward berst.té& posterior examination was used to
determine the types of body posture. The samplamdbles for the assessment of body
posture contained numerical values of eight refeegpoints in the posterior examination. To
determine the differences between groups in vambdbf the questionnaire, and in
determining the difference between the respondentthe variables obtained from the
guestionnaire, the Chi-square test was used, amdrdingency table with frequencies and
percentages was determined. A significant diffeeem@s found between right-sided and
normal body posture, where right-sided posture actsj spent significantly more years
training a handball compared to those with normaldip posture, which suggests that this
sport can be associated with the occurrence ofoct@ posture.
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INTRODUCTION

The problem of today is hypokinesia (a state diioed motion) that leads to uneven
development of individual muscle groups. Neglegbadamorphisms, especially during the
developmental period, may lead to dysmorphisms tieguire long-term and painful
treatment. Incorrect body postures resulting frbmweakened structure of postural muscles
that have been identified during growth and develept, and especially those detected at an
early age, can be corrected by additional physeadrcise programs. Early, i.e. timely
diagnosis is the most important element of sucaésstatment (Pausi 2007). Although,
generally speaking, it is clear that physical agtihhas multiple positive effects on certain
organ systems and human organisms as a whole, bovamctors of sports medicine point to
an increased incidence of improper posture androhities in those who are actively involved
in sports activities (Kosinac, 2002). Professios@drt has its negativities, and most of these
negativities can be reflected on the health ofedtisl

Handball is a sport of complex polystructural mmeats in which there are a whole
range of different moves (a step, a cross stegunps (smash, block, shot ...), throws and
falls (dive, rolling ...) static planks in positisnhits (Jankovic, Maréliand Jankovic, 2003).
The technical elements of handball, which are asgtriocal due to one-handed performance,
point to the likelihood that handball players arpased to factors that may cause postural
deformities. The asymmetric load in combinationhvat large number of jumps and landings
on hard surfaces can have a very negative impathefocomotor apparatus. Rapid growth
in the adolescent growth momentum and the inabditythe musculoskeletal system to
overcome these sudden changes leads to irreguldy bostures (scoliosis, kyphosis,
lordosis). Since irregular body postures can takelifferent forms, these forms are defined
by various authors through the types of body pestyAagaard and Jgrgensen, 1996). The
literature does not offer a large number of papleas investigate the scoliotic posture and its
connection with sport, especially handball. Theiltssof this research aim to show the special
features of the handball and its connection withgboliotic posture. The aim of the study is
to investigate whether scoliosis is a frequent gence in adolescents who train handball,
and whether there is a correlation between theaateindicators of improper posture and the
dominant hand with scoliotic body posture in hardldtlayers.

METHODS

The research was carried out on a sample of 9& mdblescents who practice
handball in the handball club "Ml Izvidjac" LjubuslAll athletes aged 13-18, who had been
involved in the training process for over threergeavere tested with the clinical Adams
forward bend test (Theologis, Fairbank, Turner-8m@nd Pantayopoulos, 1997). After a
forward bend test, an estimate using a plummetpga®rmed to estimate spine deviations in
the frontal plane and anthropological measuremégtsvhich the data on the bilateral
difference was obtained. A posterior examinatiors waed to determine the types of body
postures. The sample of variables for the assedsafelmody posture contains numerical
values of eight reference points in the posten@manation (Pausic, 2007). Determination of
body posture types was made using a plummet wéhptiotographs of each respondent in
order to obtain the most objective result.
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Indicators of body posture in the posterior exanima

- PUHO - by placing markings on the upper edge ofléfieand right ear, one can
determine a deviation of the line connecting tworkimgs from the horizontal in
degrees and centimeters if the left side is lowéreil the left side is raised (+)

- PRAM - by setting markings to the highest top oé tleft and right shoulders:
acromion, it is possible to determine a deviatidbnhe line connecting two markings
from the horizontal in degrees and centimeterkdfleft side is lowered (-) if the left
side is raised (+)

— PLOPG - by setting markings on the left and righgwus of superior blades, it is
possible to determine a deviation of the line cating two markings from the
horizontal in degrees and centimeters if the lefé ss lowered (-), if the left side is
raised (+)

— PLOPD - by setting markings on the left and righgw@us of inferior blades, it is
possible to determine a deviation of the line cating two markings from the
horizontal in degrees and centimeters, if the defe is lowered (-), if the left side is
raised (+)

— PZDJ - by setting markings on the left and righthaplliacu superior posterior, it is
possible to determine a deviation of the line cating two markings from the
horizontal in degrees and centimeters, if the defe is lowered (-), if the left side is
raised (+)

— PKOL - by setting markings on the left and rightcepdylus medialis, it is possible to
determine a deviation of the line connecting tworkimgs from the horizontal in
degrees and centimeters, if the left side is lodiésk if the left side is raised (+)

— PNZG - by setting markings on the left and rightlesdus medialis, it is possible to
determine a deviation of the line that connectstwemarkings from the horizontal in
degrees and centimeters, if the left side is lodi¢k if the left side is raised (+).

— PKRALJ - by setting markings to processus spinogeidebrae, it is possible to
determine a deviation of the line linking the veree markings with the line of the
plummet, if the spine deviation is to the left (f)the spine deviation is to the right

(+).
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Figure 1 - Reference points in po%terior examimatibbody posture (17)

Processing of data that was collected by the sgéranental procedure was done for each
class separately (by age), and all data was predesigh Statistica 7 statistical set (StatSoft,
USA), and SPSS 16 (USA).
K-means method of cluster (taxonomic) analysis {igan, 1978) was used to determine the
types of body postures, which is used to deterntinee number of groups of maximally
different subjects, and by means of which usingahalysis of the variance the differences
between the groups in each indicator can be detedniThis method allows defining a
number of groups independently.The following pareere are used in this method:
descriptive parameters: arithmetic mean (AS) aaddsird deviation (SD), variance analysis
indicators (F - value, p - level of significance)umber of respondents in each group,
membership of the respondents to a particular group

To determine the differences between groups irabées of the questionnaires, and in
determining the difference between the respondentthe variables obtained from the
guestionnaire, a Chi-square test was used, andn@ingency table with frequencies and
percentages was determined.

RESULTS

In this chapter, the results of research work tt@mtrespond to the set goals are
presented. Below is the data obtained by statlspoacessing. By means of analyzes, the
respondents were divided into three groups basatieotype of body posture that statistically
significantly differed.

Table 2 - Bgabsture type

Type of body posture Number of responderPercentage %
Left-sided scoliotic posture 16 16,3
Normal body posture 34 34,7
Right-sided scoliotic posture 48 49,0
Total 98 100
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In the examined sample, respondents with rightesgb®liotic posture were the most present
( test=15,755; df=2; P<0,001).

Table 3 - Overview of right-handed and left-hangedsons in relation to type of body

posture
Dominant hand Type of body posture
Left-sided | Normal | Right-sided| Total
Right _ Count 12 31 46 89
% within Type of posture| 75,0% 91,2% 95,8% 90,8%
Left Count 4 3 2 9
% within Type of posture| 25,0% 8,8% 4,2% 9,2%
Count 16 34 48 98
Total % within Type of posture| 100,0% | 100,0%| 100,0% | 100,0%

Respondents with the dominant right hand had sogmtly more often a right-handed
scoliotic posture than those with dominant left dhdgf test=6,253; df=2; P=0,044). Left-
sided scoliotic posture was determined in 16 redpots, of which 12 (75.0%) were right-
handed, 4 (25.0%) were left-handed. Normal bodytyreswas shown by 34 subjects, of
whom 31 (91.2%) had a dominant right hand, and.8%3 were left-handed respondents.
Right-sided scoliotic posture was demonstrated8mrrespondents, consisting of 46 (95.8%)
right-handed and 2 (4.2%) left-handed.

Table 11 - Overview of positions of players andtype of body posture

Type of posture
Player position Right-
Left-sided | Normal sided |Total
Right back |[Count % within|2 2 4 8
Type of posturg12,6% 5,9% 8,4% 8,2%
Right wing |Count % within|5 3 3 11
Type of posturg31,3% 8,8% 6,3% 10,2%
Goalkeeper |Count% within |0 6 9 15
Type of posturg0,0% 17,6% |18,8% 15,3%
Left back Count % within|1 5 4 10
Type of postur{6,3% 14,7% |8,3% 10,2%
Left wing Count % within |3 4 16 23
Type of posturg18,8% 11,8% |33,3% 23,5%
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Line player / |Count % within |4 9 8 21
Pivot Type of posture25,0% 26,5% |16,7%  |22,4%
Centre back |Count % within|1 5 4 10
Type of posturg6,3% 14,7% |8,3% 10,2%
Total Count % within |16 34 48 98
Type of posture100,0% 100,0% |100,0% |100,0%

There was no significant difference in the ratidhaf player position relative to the type of
posture (Monte Carlo method, P = 0.192).

Table 13 - Overview of respondents' postures aadsyef handball training

Std.
N Mean Deviation Minimum |[Maximumj
Left-sided |16 4,44 1,36 1 6
Normal 34 4,24 1,39 1 7
Right-sided |48 5,15 1,68 1 9
Total 98 4,71 1,58 1 9

The number of years of training differed signifidgrbetween the types of scoliotic
posture (F(2,97)=3,775; P=0,026). Posthoc testsvatioa significant difference between
right-sided and normal posture (Posthoc Tukey test, 0,026), where subjects with right-
sided scoliotic posture had spent significantly engears training handball compared to
normal posture.

The mean value of training years was 4,71 + 1,%sydehe minimum number of years
of training was 3, and the maximum number of yedtsaining was 9 years.
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Figure 2 - Overview of respondents by type of psand years of training
DISCUSSION

Dominant right-handed respondents had a signifigdmgher incidence of right-sided
scoliotic posture than those with dominant left dhdgf test=6,253; df=2; P=0,044). Left-
sided scoliotic posture was found in 16 subjects,ad which 12 (75,00%) right-handed, 4
(25,0%) were left-handed. 34 respondents show robbody posture, of whom 31 (91,2%)
are the dominant right-handed respondents, and8%6)8of the respondents with left hand.
Right-sided scoliotic posture was proven in 48 oeslents, 46 (95,8%) right-handed and 2
(4,2%) left-handed. The conclusion is that persanth a dominant right hand have
significantly more frequent right-sided skolioicgbore compared to those with dominant left
hand, where this difference is not found to beistieally significant. In the general
population, almost 90% of the people are right-leanfincel, Ceceli, Durukan, Erdem and
Yorgancioglu, 2002). Goldberg et al. (1990) fourd right-handed respondents the
connection between hand use and overcoming thé sigh of thoracic curve in adolescent
idiopathic scoliosis. However, this connection was$ confirmed in the left-handed children,
it was found that the curvature direction of théaepn this group was randomly distributed.
Hansgerd (1998) proved that sport in which spedfiesses for the upper extremity are
mostly single-sided, during growth can lead to gjesnin soft tissues and bones. The research
conducted on professional tennis players showedrtygphy of the upper arm bone on x-rays
on the dominant hand, ie. the one that is moreeatithe sport. The difference in the cortical
thickness of the bones of dominant and non-domimamd is a response to exercise and
increased physical effort (Jones, Priest, Hayehélnor and Nagel, 1977).
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The ratio of the type of body posture with a pl&y/@osition in handball showed that
the highest number of players with right-sided ¢l posture was in thkeft wing position
(33,3%) and the lowest at the right wing (6,3%)e Tgosition with tha highest number of
players with normal posture is tipgvot (26,5%), and the lowesr on thight back position
(5,9%). The left-sided scoliotic posture is the moemmon among the players in thght
wing position (31,3%), and not even one in goalkeepemposition. A statistically significant
difference has not been demonstrated. Previousestindve shown that players in particular
positions differ significantly from one anothersame morphological parameters, particularly
in body height and subcutaneous fat tissue (Chitniest and Kent 1974; Hansgerd, Andreas,
Gerd and Alfried-Krupp, 1998; Sporis, Eanaki andife, 2007; Pieper, 1997). There were
differences in body height between back and wingitpms and the amount of body fat
between the goalkeeper and other team players @deshsAndreas, Gerd and Alfried-Krupp,
1998; Pieper, 1997; Sporic, Eanaki and Barisic,7200

All of the above can be the reason for this distidn of body posturea in the handball
players. The study showed that the years of trgimmere in a positive correlation with the
length of the hand (Spearman's rh0=0,288; P=0,004.difference in the length of the arm
was in a positive correlation with the differenge the length of the hand (Spearman's
rho=0,317; P=0,001) as well as the difference m wpper arm circumference (Spearman's
rho=0,304; P=0,002). The difference in the lengththe hand was in a positive correlation
with the difference in the upper arm circumfere(@pearman's rho=0,523; P<0.001). Fingers
are the smallest, lightest parts of the motor adpar therefore they are the parts that can
easily divert power of a ball, but at the same timentrolling the ball over the fingers is
especially important for the accuracy of the vasiahots in handball. Types of scoliotic
posture vary considerably according to the yearstraining handball F(2,97)=3,775;
P=0,026). The index of left and right arm symmeitryhe observed sizes (arm length, hand
length and upper arm circumference) did not pravbe a significant difference with regard
to the types of body postures in the frontal plane.

CONCLUSION

In this research, it has been determined thatgtkatest number of players with a
right-sided scoliotic posture is in the left winggttion and the lowest in the right wing
position, and that the pivot playing position ig hosition with the highest number of players
with normal posture, and the right-back positiothvthe lowest. It has also been found that
left-sided scoliotic posture is most common amdregyglayers in the right wing position, and
not even one in the goalkeeper position. Theresmgaificant difference between right-sided
and normal body posture, where right-sided postspondents have spent significantly more
time practicing handball compared to those withnmadrposture, suggesting that this sport can
be associated with the appearance of a scoliotstupe.
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SAZETAK

Suvremeni n&n zivota uzrok je sve ¥e pojave nepravilnih tjelesnih drzanja kod
djece i adolescenata. Kod sportaSa nepravilnastjaldrzanja mogu izazvati brojne krare
zdravstvene probleme i ozljede koje atjena njihovu uspjesSnost u sportu. Rukometnu igru
karakterizira dinangdnost i pokretljivost, uz stalne i brze promjeneqgialja tijela i elemenata
tehnike. Zbog odienih karakteristika rukometa kao sporta (dijeloehriike koji su
asimetréni zbog igranja jednom rukom) postoji osnovana gamea su rukometasi izlozeni
faktorima koji mogu uzrokovati razvoj posturalnigfdrmiteta. Cilj istrazivanja bio je ispitati
je li skolioticno drzanjecesta pojava u adolescenata koji treniraju rukortetpostoji li
povezanost izmi# relevantnih pokazatelja nepravilnog drzanja i1 oh@mtne ruke sa
skolioticnim tjelesnim drzanjem kod rukometaSa. Istrazivgrjegprovedeno na uzorku 98
adolescenata u dobi od 13-18 godina koji su dklpu u trenazni proces preko tri godine, a
testirani su klintkim Adamsovim testom pretklona. Za utiwanje tipova tjelesnog drzanja
primijenjen je posteriorni pregled. Uzorak varijata procjenu tjelesnog drzanja sadrzavao je
numertke vrijednosti osam referentnih ¢eka u posteriornom pregledu. Za dtvanje
razlika izmetu skupina u varijablama upitnika, te kod divanja razlike izméu ispitanika
kod varijabli dobivenih iz upitnika, koriSten je Kvadrat test, te je odtena kontingencijska
tablica s frekvencijama i postotcima. Ustanovljgmana&ajna razlika izméu desnostranog i
normalnog tjelesnog drzanja, gdje su ispitanicesnbstranim drzanjem ziggno vise godina
proveli trenirajidi rukomet u odnosu na one sa normalnim drzanjeonngvodi na zakljigak
kako ovaj sport moze da se povezuje uz pojavuci@iog drzanja.

Kljuénerijeci: drzanje tijela, dominantna ruka, skolito drzanje, rukomet
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