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Abstract

Study purpose. In this work, we point out the interaction of complex postural stability (CPS) and skating agility tests
among pupils in the hockey club HK Nové Zamky. We determined postural stability using the SEBT and agility with
skating tests. We expected a significant interaction between performance in skating agility tests and CPS for both
standing legs, which was most closely identified with the eight-item SEBT test.

Materials and methods. The level of CPS was characterized by descriptive statistics. Laterality between right and

>

left standing leg was assessed by t-test and Cohen’s “d”. The relationships between CPS and skating agility tests

« »

were determined by Pearson’s correlation coefficient “r”. Predictors were selected by stepwise regression. Statistical
significance of differences and relationships was assessed at the 5% significance level.

Results. The results showed no differences in the laterality of the CPS between the right and left standing leg.
Correlation analysis demonstrated the interactions of the left and right standing leg with all skating agility tests.
Stepwise regression was used to select the tests that were most identified with the performance on the eight-item
SEBT test in terms of their skating expression. The Illinois test has the most significant informational power for CPS.
Conclusions. The presence of positive interactions between skating agility and CPS in hockey players point to the
importance of a balanced and stable stance of both legs in all directions. The perfect balance and stability of hockey
players eliminates the fluctuations caused by skating movement in all directions and facilitates their execution
without major changes in dynamic performance. The chance of shortening the activation time of the muscle chains
involved in the technique of performing the test also increases significantly, or in the very structure of technique - the

economics of ice hockey players’ skating.
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Introduction

A high ability to maintain postural stability means
keeping the vertical projection of our center of gravity at
the basic support level; it is essential in sports (Andreeva et
al., 2021).

Hockey is included in sports games that require the
comprehensive readiness of the players of the entire team.
Players are able to produce high skating speed during the
game, but with sudden changes of direction (Alpini et al.
2008; Antara et al. 2023). One of the inseparable parts of
preparedness is precisely postural stability.
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In the literature, postural stability is characterized by
maintaining balance and control over your body during
movement, thanks to which we are able to adequately react
to the situation during the game, such as: contact with an
opponent (Bournival et al. 2023).

The precise definition of the term “agility” was brought to
us by Sheppard et al. (2014), who describe it in the literature
as the athlete’s ability to change the speed and direction of
movement quickly and accurately during the reaction to a
specific stimulus from the external environment.

Young et al. (2015) include situations in sports games as
specific stimuli. These stimuli may vary in terms of intensity
and spatiotemporal conditions.

However, Plisk (2008) states that when performing
any agility test, it is due to the non-constant speed while
covering the distance.
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In the studies, we are able to find models containing
specific determinants according to the authors. Jeffreys
(2011) lists perceptual limitations (ability to focus,
attention), cognitive limitations (situation recognition,
concentration, problem-solving ability), physical limitations
(strength, muscle fiber typology) and motor limitations as
determinants. For comparison, Sheppard et al. (2014) state
that agility is determined by perception and decision-making
(knowledge of the given situation), change of direction and
speed, technique (acceleration/deceleration of movement,
body posture), sprint speed, muscle properties of the lower
limbs (leg strength, reaction speed, muscle imbalance right/
left leg) and anthropometry.

Tests focused on speed, maximum strength or endurance
are known in the literature. Compared to testing motor skills
such as “agility”, they remain in the background even in
current literature (Hojka et al., 2016; Bakhsis, 2023).

In the sports performance of hockey players, postural
stability and agility is a directly limiting factor because
correct postural stability significantly affects the technique
of hockey players and their ability to perform correct
movements. Players with a high level of postural stability
are better able to maintain the correct position of the body
during skating, shooting or blocking a shot.

Materials and methods

Study participants

The research was carried out on a group of hockey players
in the category of younger pupils from Slovakia (n = 20).

Study organization

Dynamic postural stability was determined using the
eight-position Star Excursion Balance Test (SEBT) and
movement performance in skating agility tests 6x9 m, 30 m,
36 m forward, 36 m backward, Illinois test, Circle forward,
Circle backward and Square.

The SEBT test was performed in the directions
Posterior, Posteromedial, Medial, Anteriomedial, Anterior,
Anteriolateral, Lateral, Posterolateral for the right and left
standing leg (Figure 1).

Left stance leg Posterior

M =83,97,5D=5,36
Posteromedial
{ = 86,08, SD = 5,09

Posterolateral
M =77,70,SD = 7,56 [
/
[ \
Lateral L }
M = 67,40, SD = 7,99 M

Medial
=78,08,SD = 7,52

Anteriomedial
M = 70,65, SD = 9,96

Anteriolateral
M = 35,63, SD = 9,42
Anterior
M = 41,07, SD = 10,47

The output measurements for the right and left training
leg are assessed from the point of view of the average value
from 3 attempts (cm), the maximum measured value (cm),
and the relative value (Relative - normalized distance in
each direction (%) = Average distance in each direction /
length lower limb*100). Complex postural stability (KPS) in
both legs = average of average values from 3 SEBT attempts
(composite scores) (Garret et al. 2012; Calatayud et al. 2017).

Statistical analysis

The DPS level and hockey players’ sports performance
was characterized by descriptive statistics (M, SD, Max,
Min). Statistical and material significance of differences was
assessed by t-test and Cohen’s “d”. The relationships between
KPS and skating agility tests were determined by Pearson’s
correlation coefficient “r”. Skating agility tests were selected
by stepwise regression, which showed the highest closeness
with KPS. For the models, we present the stepwise regression
parameters (R Square, ANOVA parameters E, p value, partial
share Beta*r). Statistical significance of differences and rela-
tionships was assessed at the 5% and 1% significance levels.

Results

By comparing the complex postural stability in the right
(RSL) and left standing leg (LSL), we found no differences
in laterality (tables 1 and 2) in average values t;q = 0.959,
p =0.350, d = 0.166, maximum values t;o) = 1.365, p = 0.188,
d = 0.356 and not even for relative values tgq = 0.959,
p =0.350, d = 0.166.

Correlation analysis showed interactions of KPS in
the left and right standing leg with all skating agility tests
(p<0.05). The 36 m backward skating test did not uniquely
show significant relationships (p = n.s.) with KPS on the
right standing leg (Tables 3 and 4). We do not report the
calculated correlations of the relative parameters of the KPS
due to the same values as the average ones.

A high correlation tightness (r = 0.70-0.90) with KPS
was demonstrated by the Illinois skating test (LSL & RSL
p<0.01), 36 m forward (LSL & RSL p<0.01) and 6x9m (LSL
p< 0.01). Low tightness (r = 0.30-0.50) was observed in
the 36 m backward skating test (LSL p<0.05; RSL p<0.10).

. Right stance leg
Posterior

M =80,97,SD = 5,74
Posteromedial
M =83,32,SD = 6,04

Posterolateral
M =76,72, 5D = 11,03
[

[
/[

Lateral A )
M = 68,12, SD = 13,79

Medial
=79,12, SD = 10,46

Anteriomedial
M =67,28,SD =12,26

Anteriolateral
M =41,57,SD = 11,15
Anterior
M =42,32,5D = 12,81

Fig. 1. Level of postural stability of hockey players on the right and left standing leg tested with the eight-way SEBT test
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Table 1. Level of complex dynamic postural stability (DPS)
and performance in skating agility tests

Variables M SD Max Min

© Average (cm) 67.57 7.07 79.62  52.00

E g i)o Maximum (cm) 69.61 7.26 81.62 53.37
” Relatively (cm) 77.67 813  91.52 59.77
o Average (cm) 67.43 9.52  86.25 44.62
E’J § EJD Maximum (cm)  69.63 9.54 89.37  46.75
Relatively (cm) 77.50 1094 99.13  51.29

6Xx9 m (s) 18.89 2.53 27.01 27.01

30 m (s) 484 0.65 6.30 4.10

E‘ 36 m forward (s) 6.78 0.79 8.21 5.38
36 mback (s) 925 122 1340  7.59

-%O Ilinois test (s) 20.0 245 24.12 16.48

% Circle forward (s) 29.6  4.15 40.43  25.31
Circle back (s) 309  4.62 4421 26.04

Square (s) 19.20 3.72  29.01 15.25

Table 2. Differences of complex DPS between left and right
standing leg

Diferencies Left and Right leg

Variables
d t P d
Average (cm) 0.148 0.164 0.871 0.018
Maximum (cm) 0.025 0.028 0.978 0.003
Relatively (cm) 0.170  0.164 0.871 0.018

Labels: M - average, SD - standard deviation, Max - maximum,
Min - minimum, d - difference of means, t - value, p - value,
Cohen’s “d”

Table 3. Correlations between KPS in the right and left
standing leg with skating agility tests (Pearson’s correlation

coefficient “r” and p value) - average values
Average value
Variables Left stance leg Right stance leg
r p r P
6x9 m -0.769 0.000 -0.653 0.002
30 m -0.563 0.009 -0.645 0.002
& 36 m forward -0.762  0.000 -0.809  0.000
?EP 36 m back -0.475 0.033 -0.405 0.075
%o Ilinois test -0.873  0.000 -0.858 0.000
@ Circleforward  -0.564 0.009 -0.507  0.022
Circle back -0.574 0.007 -0.507 0.021
Square -0.628 0.003 -0.578 0.007

The remaining skating tests 30 m, Circle forward & back
and Square showed moderate correlations (r = 0.50-0.70,
p<0.01).

By stepwise regression, two tests were selected, most
identified with the performance of the eight-way SEBT test
due to their skating expression (Table 5). The Illinois test (left

Table 4. Correlations between KPS in the right and left
standing leg with skating agility tests (Pearson’s correlation
coeflicient “r” and p value) — maximum values

68

Max value
Variables Left stance leg Right stance leg
r p r p
6x9 m -0.785  0.000  -0.669 0.001
30 m -0.565  0.009  -0.489 0.027
g‘ 36 m forward -0.758  0.000  -0.812 0.000
.§° 36 m back -0.482  0.030 -0.423 0.062
éo Ilinois test -0.883  0.000  -0.860 0.000
% Circle forward  -0.563  0.009  -0.527 0.016
Circle back -0.573  0.008  -0.530 0.015
Square -0.639  0.002  -0.511 0.020

leg 58.09% — 76.24% and right leg 73.63% — 73.92%) has the
greatest information power for KPS before the 6x9m skating
test (left leg 25.10%). The remaining skating tests were not
selected despite the high tightness. All regression models
showed statistical significance (p<0.01) and a high degree of
tightness, respectively. dependence (R* = 73.62%-83.19%).

Discussion

Alpini et al. (2008), Bakhsis (2023) points out that
ice hockey players can produce high skating speed during
the game and the situations are characterized by sudden
accelerations, decelerations and changes of direction.

Recorded positive interactions between agility tests on
ice and PS in hockey players are supported by the research
of Behm et al. (2005) because hockey skating performance is
significantly correlated with balance and sprint tests, which
points us to the important role that postural stability plays in
skating speed in players.

In the databases, we find studies that investigatied the
differences between hockey players’ left and right legs or
compared the performances in dynamic-static balance of ice
hockey players and ordinary individuals (Hansen et al., 2016;
Arboix-Alié & Aguilera-Castells, 2021; Kara et al., 2022).

Hansen et al. (2016) investigated the differences between
the left and right foot in a group of hockey players (n=28).
A lateral jump on a force platform was used as a test to
compare both legs. The task of the probands was to stabilize
the movement. The authors concluded they did not notice
statistically significant differences between the left and right
legs when performing the test.

The authors Arboix-Alié & Aguilera-Castells (2021)
similarly investigated the differences between left and
right legs in hockey players (n= 25). The Triple Hop Test
was performed with both legs. The results showed that the
recorded left and right leg differences are not statistically
significant.

The results of both authors mentioned above (Hansen
et al. 2016; Arboix-Alié & Aguilera-Castells, 2021) fully
support our achieved results.

Comparative testing of dynamic-static balance between
ice hockey players (n=37) and ordinary individuals (n=37)
was carried out in a study by Kara et al. (2022). The
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Table 5. Step regression parameters of selected skating agility tests to KPS for the right and left standing leg

Average value Max value Relatively value
Variables
Left Right Left Right Left Right
Beta*r 0.251
6x9 m
r -0.785
Beta*r 0.7493 0.7363 0.5809 0.7392 0.7624 0.7362
Tlinois test
r -0.858 -0.858 -0.884 -0.860 -0.873 -0.858
R® 0.7624 0.7363 0.8319 0.7392 0.7624 0.7362
ANOVA F 57.77 50.27 42.05 51.02 57.76 50.24
p 0.00 0.00 0.00 0.000 0.00 0.00

« »

Labels: R? - Square, Pearson coefficient “r’,
experimental group was made up of professional hockey
players and the control group was made up of men with no
sports activity in the past. The authors report results without
significant differences between the experimental and
control groups in dynamic-static balance tests. We assumed
significant differences between the groups, as hockey players
regularly implement a training process with a focus on
dynamic-static balance.

Chauhan et al. (2023) point to the finding that a
training process with a focus on stability, which is regularly
implemented, leads to better postural stability and dexterity
of the players during the game. However, the recorded
performance in individual tests of postural stability is often
influenced by factors such as: heartbeat or respiratory muscle
activity (Zemkova, 2004).

Postural stability is related not only to the optimal
performance of the athlete, but also to the sustainability of
the player in the sport in the long term. Players with balanced
and adequately strengthened muscle fibers are not as prone
to back injuries, joints or other problems related to incorrect
posture (Sahin, 2020).

For coaches, we see regular testing of their players in
static and dynamic positions in the future, where they can
evaluate the performance level of hockey players and then
compare the results with other clubs.

Conclusion

The topic of complex postural stability is gradually
becoming one of the basic building blocks of properly
implemented sports performance. Players with a high level
of complex postural stability can better control their body
during the game, properly manage tense situations that come
with the match and may be less prone to possible injuries.

The positive interactions we recorded between skating
agility tests and KPS prove to us how important it is for
hockey players to have a stable and balanced stance on both
legs in all directions of movement. A high level of stability
in hockey players can largely eliminate fluctuations that
occur during skating and, on the contrary, facilitate their
performance.

The identification of the agility test of Illinois with the
eight-way test of complex postural stability shows us their
mutual predictive possibilities, which could be the subject
of interest and implementation of further research in the
future.
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ANOVA parameters F, p value, partial proportion Beta*r

For this reason, training focusing on postural stability
should not be neglected, but on the contrary, should become
a regularly implemented and inseparable part of every
hockey player. Hockey clubs should include the chosen

program in their training units.
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B3a€MO3B’A30K TeCTiB Ha CMPUTHICTb Npu nepecyBaHHi
Ha KOB3aHaX Ta NOKa3HMKN NOCTYpanbHOI CTINKOCTi Y XOKelCTiB

SApocnas bpopsaui'A*PE, Marym I'ycman'A8PE, Poman Bana?A®“PE, Bikrop I'ycap'AB<PE

"Yuisepcurer Koctantuna ®inocoda B Hitpi
*OCTpaBCbKUT TEXHIYHUI YHIBEPCUTET

ABTOpCBHKNMIT BKIAM: A — FU3aitH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarst: 6 c., 5 Tab., 1 puc., 19 mxepern.

Mera gocmifpkeHHs. Y 11iit po6OTi MU BKa3yeMO Ha B3a€MO3B 30K KOMIUIEKCHOI mocTypanbHoi criitkocti (KIIC) Ta TectiB
Ha CIIPUTHICTD IIPM IIepeCyBaHHI Ha KOB3aHaX y BUXOBaHILIB xokeliHoro kiayby XK “Nové Zamky”. My Bu3Haua/mm OCTypaabHy
cTilikicTh 3a gornomoro Tecty SEBT (6amaHcyBambHMIT TECT «PyX TPAEKTOPI€I0 3ipKi») i TecTiB Ha CIIPUTHICTD IIPY KaTaHHI Ha
KOB3aHaX. My 04iKyBa/Ii Ha 3HAYHMIT B3AEMO3B 130K MK IIOKa3HVMKAMU TECTiB Ha CIIPUTHICTD IIPY [IepecyBaHHI Ha KOB3aHaxX Ta
KIIC myst 060X HIr B ITOIOXKEHHI CTOST4Y, 110 6y/10 HalbLIbII TicHO OB s13aHO 3 TecToM SEBT, 1110 CKTafaeThest 3 BOCHMU IO3UIIIIL.

Marepianu ta merogu. Pisens KIIC xapakTepusyBaniu 3a JOIOMOIOI0 METOJiB OIMMCOBOI CTATUCTUKY. JIaTepanbHICTh MK
IIPABOIO Ta JIIBOIO HOTOI0 B ITOJIOKEHHI CTOSIYN, OL{iHIOBA/INA 3a JOIIOMOrO0 t-Kpurepito Ta Metopukor d Koexa. Bsaemo3ss’si30k
Mk KIIC Ta TecTaMy Ha CIIPUTHICTD IIpK IIepeCyBaHHI Ha KOB3aHaX BM3HA4Ya/IM 3a JOIIOMOrolo KoedilieHTa kopenAnii ITlipcoHa
(mosnavarTs “r’). IIpegnkropu 6ymu obpaHi 3a JOIOMOrow MOKpOKoBoOl perpecii. CTaTMCTUYHY 3HAYYIIICTh BifMiHHOCTEN i
B3a€MO3B A3KiB OIliHIOBa/MM Ha 5% pPiBHI 3HAYYIIOCTI.

PesynbraTu. Pesynpratu He nmokasanmm BigminHOCTel y nmarepanbHocTi KIIC Mk mpaBoio Ta /1iBOI0 HOTOI0 B IIO/IOXKEHHI
crosun. KopenAwiitauit aHania mpofieMOHCTPyBaB B3a€EMO3B 30K JIiBOI Ta IIPaBoi HOT'Y B IIOIOXKEHHI CTOSYN 3 yCiMa TeCTaMy Ha
CIIPUTHICTD IIpH IlepecyBaHHi Ha KoB3aHax. IJokpokoBa perpecist Oya BUKOpucTaHa Jjist Biffoopy TecTiB, siki Haiibi/bIe igeHTn-
¢ixyoTbcs 3 mokasHukamu Tecty SEBT, 110 ckajaeTbcs 3 BOCbMM IIO3MILIIA, 3 TOUKHU 30pY iX BUPaXKEHOCTI IIpM IIepecyBaHHi Ha
KOB3aHaX. UUTiHOMChKMIT TecT Ma€ Habinbi 3HauHy iHpopmaTuHicTp fs KIIC.

BucHoBku. HasBHICTb O3UTUBHMX B3a€EMO3B A3KIB MK CIIpUTHICTIO epecyBaHH: Ha koB3aHax Ta KIIC y xokeicTiB BKasye
Ha BOXX/IMBICTH 30a/TaHCOBAHOIO Ta CTAOLIPHOTO MOIOXKEHHs 060X Hir ¥ BCix HampsiMkax. OnTumanpHmit 6ananc i crabinpHicTh
XOKEICTIiB yCyBa€ KONMMBAHHA, BUK/IMKAaHI PyXaMu IIiJ 4ac epeCcyBaHH:A Ha KOB3aHAaX y BCIX HAIIPAMKAX, i IIOJIETIIY€ IX BUKOHAHHSA
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0e3 3HaUHMX 3MiH Yy JMHAMIYHMX IIOKa3HMKaX. TaKO>X 3HAYHO 301/IbIIYETHCA MIAHC CKOPOYEHHS Yacy aKTuBalil M sA30BMX /IaH-
yn Y y e}
LIIOTiB, 3a/JiTHMX B TeXHIIli BUKOHAHH:A TeCTY, a00 B caMill CTPyKTypi TeXHIKM — eKOHOMIUHICTh KaTaHHA XOKeiCTiB Ha KOB3aHaX.
KirouoBi croBa: xoKeit, TOCTypajibHa CTIKiCTb, CIPUTHICTD IIPY IIepeCcyBaHHI Ha KOB3aHAX, B3a€EMO3B SI3KIL.
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