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The journal publishes original and review papers in the following areas:
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The issue includes articles prepared according to the Proceedings of the 4" International Scientific Conference

“Physical Activity and Sport at University 2012”, held in Kaunas, Lithuania, on October 12, 2012.

Research articles in Social and Biomedical Sciences are given in this issue.
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ASSESSMENT OF PHYSICAL WORKING CAPACITY OF
DIFFERENTLY TRAINED AND AGED FEMALE
AEROBIC GYMNASTS

Roma Aleksandraviciené! 2, Jovita Liaudeneckaité?,

Ramuné Liaugminiené', Arvydas Siaurodinas', Loreta Stasiuleviciené’
Aleksandras Stulginskis University!, Kaunas, Lithuania

Lithuanian Academy of Physical Education’, Kaunas, Lithuania

Kaunas Vocational Training Centre for Business Specialists®, Kaunas, Lithuania

ABSTRACT

Research background and hypothesis. Physical working capacity by PWC,,, test allows estimating physical
preparation of athletes’ bodies, but these indices may not be directly linked to their sports achievements.

Research aim. The aim of this study was to identify and assess physical working capacity characteristics of
differently trained and aged female athletes.

Research methods. The study included 40 subjects: young athletes (juniors) (12—14-years-old girls) and
students of Lithuanian Academy of Physical Education — studying in aerobic gymnastics specialization. According
to performance (training) level they were divided into the following groups: juniors (n = 10), beginners (n = 10),
moderately trained (n = 10) and well-trained (n = 10) representatives of acrobic gymnastics. The testing included
anthropometric measurements, heart rate (HR) measurements (HR values were recorded using heart rate measuring
device “Sigma PC-15”, Germany), and PWC,,, tests. Athletes carried out two loads of physical activity at different
intensities with a duration of 3 and 5 minutes (the rate of stepping (30 times per minute) was regulated according to
the tempo of music that was specially prepared in the recording studio).

Research results. We found that the differences in physical working capacity between well trained gymnasts
and the beginners were not statistically significant. We established similar values of PWC,, in moderately trained
and junior groups; statistically significant difference (p < 0.05) was established only comparing the latter two groups
with well-trained athletes.

Discusion and conclussions. The results showed that physical working capacity of well trained acrobic gymnastics
athletes (participating in international competitions, world and European Championships) had not reached very high
training level, but they were assessed as adequately trained. Physical working capacity of beginners was satisfactory
and the indices of moderately trained (with twice more training and competition experience) and junior athletes
were very low.

Keywords: aerobic gymnastics, physical working capacity, PWC,,, heart rate.

INTRODUCTION

erobic gymnastics is a sport that requires
the ability to perform high intensity
aerobic movements with music combining
them with the complex exercise of strength,
jumps, flexibility and balance. Like other types of
gymnastics, aerobic gymnastics requires aerobic and
anaerobic endurance, very good flexibility, strength

and excellent coordination. All these physical skills
must be performed during the competition routine
performing a complex of aerobic movements at high
intensity and combining them with difficulty elements
(jumps, dynamic, static strength and flexibility)
without any intervals of rest (Aleksandraviciene,
2005). This sport is suitable for physically well-



6 Roma Aleksandraviciené, Jovita Liaudeneckaité, Ramuné Liaugminiené, Arvydas Siaurodinas, Loreta Stasiuleviciené

prepared individuals who develop not only physical
abilities, but also improve the functional capacity of
their and respiratory systems (Aleksandraviciené
et al., 2004). Aerobic gymnastics is one of the
newest branches of gymnastics, so the data on the
physiological changes predominant in this kind of
sports are extremely scarce in the special literature
on the subject. Spanish scientists (Rodriguez et
al.,, 1998) investigated elite aerobic gymnastics
athletes (three of them were world champions), who
performed their competition routines (individual,
mixed pairs and trio) (Aerobic Gymnastics Code of
Points 2009-2012, 2009). The heart rate and oxygen
consumption were continuously recorded during
exercise and recovery phase, as well as blood lactate
concentration measured during recovery. It was
established that some subjects’ (lower level athletes)
maximum aerobic capacity indices were higher than
those of the top level athletes (world champions) and
lactate concentration of some world champions was
higher twice (from 9.4 to 20 mmol/l).

The changes in heart rate values during
specific competition routine of Lithuanian aerobic
gymnasts were not significantly different from
those of the world’s elite (99% of the maximum
HR) athletes and reached 95% of the maximum HR
(Aleksandraviciené, 2005). However, HR values of
aerobic gymnasts during competitive activities were
significantly higher compared to the HR values of
artistic gymnastics athletes during competition
exercise with the ball, their HR maximum was
88.2%, and blood lactate concentration was only
4 mmol/l (Guidetti et al., 2000). This was mostly
influenced by the structure — contest of competition
routine, while the HR values at the beginning
of routine in aerobic gymnastics and in artistic
gymnastics had already reached a fairly high level.
The gymnastics competitive routine is performed
without rest intervals and fast increase in HR
values at the beginning of routine is explained
by some researchers by emotional stress and
the fact that for athletes it is difficult to stand in
a static position (posture) (Alexander, 1991). Some
investigations in aerobic gymnastics activities
were performed assessing energy consumption
during competitive routine. Research found that
about 50% of the total energy consumed during the
competitive exercise was produced by aerobic ATP
resynthesis (Aleksandraviciene, 2005).

We did not find any data assessing physical
working capacity of female aerobic gymnastics
athletes. At present telemetric systems are used to
estimate aerobic capacity (Wideman et al., 1996;

Maiolo et al., 2003), but these devices not always
can be used by many sports specialists. Therefore,
PWC,,, test was chosen to assess the physical
working capacity, as it is also widely used in sports
medicine centers, sports clubs testing the athletes
in different kind of sports (Bloomfield et al., 1990).

The study carried out provides additional
knowledge of physical working capacity of aerobic
gymnastics athletes. Thus, the aim of this study
was to identify and assess physical working
capacity characteristics of differently trained and
aged female aerobic gymnastics athletes.

RESEARCH METHODS

The subjects. The study included 40 subjects:
young athletes (12—14-year-old girls) and students
of the Lithuanian Academy of Physical Education
studying in aerobic gymnastics specialization.
According to performance (training) level they
were divided into the following groups: juniors
(training experience in aerobic gymnastics — 3
years), beginners (training experience in aerobic
gymnastics 1.5 year and no experience in
competitions), moderately trained (athletes with
experience in national competitions) and well
trained representatives of aerobic gymnastics
(members of the national team, who participated in
world and European championships).

Experimental procedure. All participants
were informed about the aim of the study. All
subjects had no extra training on the day of testing.
Before the testing all participants performed
S5-minute specific warm up including low impact
aerobics steps ant stretching exercises. The age and
anthropometric characteristics of all the subjects
are presented in Table 1.

All subjects underwent two sessions of testing
of physical activity of two different intensities
with a duration of 3 and 5 minutes. All athletes
were asked not to train vigorously on the evening
before both tests. The first exercise included: 3 min
stepping (the height of platform was 21.5 cm) with
the frequency of 30 times per minute. The rate
of stepping (30 times per minute) was regulated
according to the tempo of music that was specially
prepared in the recording studio. The second
exercise included stepping at the same frequency
for 5 minutes (the height of the platform was
43 cm). Between the first and the second physical
activity the rest time interval of 3 minutes was
allowed. Before the test, as well as after the first
and the second physical activities HR values were
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Table 1. Anthropometric charac-

Groups of the N:fntl}l: : r Age, years Height, cm Body mass, kg teristics and age of aerobic gymnasts
subjects subjects (mean (SD)) (mean (SD)) (mean (SD))
Beginners 10 19.8(0.75) | 1683 (424) | 59.2(5.94)
Moderatel
paortely 10 205(121) | 164.7(5.04) |  56.5 (4.90)
Well-trained 10 216(1.50) | 1632(3.52) | 53.5(3.50)
Young athletes 10 13.1(1.79) 155.1(9.97) | 46.1(9.86)

recorded using heart rate measurement device
“Sigma PC-15”, Germany).

According to the obtained data we calculated
the indices of physical working capacity using the
following formula (Raslanas, Skernevicius, 1998):

(Nz _N1)(170 _fl)
(f=1) ’

where N, — the first physical activity, kgm/min;
N, — the second physical activity, kgm/min; f,— HR
at the end of the first physical activity, beats/min;
f, — HR at the end of the second physical activity,
beats/min.

Further we determined PWC,,, per kilogram of
body weight:

PWC ., =N, +

PWC |,
kg

where PWC,,, — physical working capacity; kg —
body weight.

>

Table 2. Evaluation of physical working capacity

Rating PWC,,), kgm/min/kg
Very high training level 25 and more
High training level 21-25
Satisfactory training level 16-20
Low training level 12-15
Very low training level less than 12

Statistics calculations. The data were
calculated using computer programs Microsoft
Excel and Statistica for Windows 5.0. Descriptive
data are presented as mean and standard deviation.
Arithmetic averages of measurements were
compared using the nonparametric Wilcoxon test
and Student’s t test. The level of significance was
setat 0.5.

RESEARCH RESULTS

We established that the highest heart rate pre-
exercise period (HR . cxercise ) Was in the group of
beginners 107.9 (11.1), while in the junior group

it was 103.5 (8.6) beats/min and HR,. cereiie OF
moderately trained athletes was 98.7 (8.9) beats/
min, the differences among these groups were
not statistically significant (p > 0.05). Statistically
significant difference (p < 0.05) of HR . \crcie Was
found between well-trained gymnasts (91.4 (8.0)
beats/min.) and beginner athletes. The HR values
after 3 minutes of stepping exercise of well trained
group (138.8 (14.0) beats/min) were statistically
significantly lower (p < 0.05) than those in other
three groups. The HR after first physical load was
almost identical in junior (162.7 beats/min) and
beginner groups (161.2 beats/min) and it slightly
differed from moderately trained athletes (166.5
beats/min). The results showed that HR values after
the second physical load (5 minutes of stepping
exercise) were not statistically different (p > 0.05)
between beginners and well trained athletes and
they were respectively — 160.8 (9.0) beats/min and
166 (21.3) beats/min. HR values of well-trained
athletes (after 5 minutes physical load) were
statistically significantly lower (p < 0.05) than
moderately trained athletes (183.18 (13.7)) and
juniors (192 (18.4)). The HR of beginners athletes
after the first and second physical loads were similar
(respectively 161 (21.3) and 166.5 (16.3) (Figure 1).

The results showed that HR recovery values
after S-minutes exercise were lower in the group
of well-trained aerobic gymnastics athletes (100.6
(6.9) beats/min) and they statistically significantly
differed (p < 0.05) from those in the other three
gymnast groups. The HR recovery values of
beginners, moderately trained and junior athletes
were similar and the differences between them were
not statistically significant (p > 0.05) (respectively
were 113.8 (11.8) beats/min, 116.9 (10.7) beats/min
and 120.3 (9.4) beats/min) (Figure 2).

Physical working capacity was established
using PWC,,, test. We found that the difference
between  well-trained and beginner athletes
was not statistically significant (p > 0.05) (well-
trained athletes” PWC,,, was 22.0 (3.5) kgm/min),
beginners’ group — 15.8 (5.5)). We found similar
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Figure 1. HR values of aerobic
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Figure 3. The indices of
physical working capacity of 30
aerobic gymnastics athletes
(per kilogram of body weight)

o
(e}
|

PWC170/1kg
=

Well trained

Note. * — statistically significant
difference (p < 0.05).

M‘

Moderately trained

Beginners Juniors

values of PWC,,, in moderately trained and junior
groups: there were 11.4 (5.5) kgm/min and 9.9 (4.3)
kgm/min. The statistically significant difference
(p < 0.05) was established only comparing these
two groups with well-trained athletes (Figure 3).

DISCUSSION

The present study was aimed to identify and
assess physical working capacity characteristics
of aerobic gymnastics athletes. As we expected,

the lower HR . ciereise Was in well-trained aerobic
gymnastics group, but it was not significantly
different from beginner group. It was established
that HR values after both physical loads (3- and
S5-minute stepping exercise of the same intensity)
increased by 50% and more in all groups. There
was hardly any difference in the relative means of
HR after the first physical load, when the highest
value in the moderately trained group reached
68.6%. The highest HR values after the second
physical load (as we expected) were in junior group.
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It may be explained by higher heart rate of children
which is variable and depends on the child’s age
(Saris, 1985). However, the HR relative changes
after 5-minute stepping exercise of young athletes
coincided with those of the well-trained gymnasts
and reached 85.5%. It was probably influenced by
the fact that before taking up aerobic gymnastics
well-trained athletes might have been practicing
artistic gymnastics for a number of years. Besides,
it is known that aerobic capacity of representatives
of aerobic gymnastics is by 25% higher than
the normative values of girls at similar age, but
it is considerably (about 35%)) lower than the
respective indices of athletes developing endurance
(Aleksandraviciené, 2005). The results of our study
do not coincide with the findings of other authors
claiming that after regular classes in aerobics
gymnastics there is a significant decrease in the HR
of women going in for sports (Garber et al., 1992).
At present, telemetric systems are used to
estimate aerobic capacity (Wideman et al., 1996;
Maiolo et al., 2003), but these devices not always
can be used by many sports specialists. Therefore,
PWC,,, test was chosen to assess the physical
working capacity as it is also widely used in
different kinds of sports (Bloomfield et al., 1990). In
our research HR was recorded during the recovery
after two stepping loads. The results show that the
best recovery was in well-trained gymnasts’ group.
This confirms the results of other authors who
argue that endurance training improves maximal
oxygen consumption, increases the working
muscle capillary network, reduces the heart rate
during exercise at the same intensity (Kubukeli
et al.,, 2002). It was found that after strenuous
exercise HR decreases to a level that is higher
than it was before the exercise. It depends on the
duration of exercise intensity: the heavier the load,
the longer the recovery. In our study, in beginner
and moderately trained groups HR recovery values
were quite close to the HR,, cereisee HR during
recovery in junior group was the highest, but the

relative values were similar to those in moderately
trained group (60 and 56%).

It is known that physical working capacity
(PWC,,,) depends on athlete’s sports activity. The
findings of other authors (Svannshvili et al., 2009)
established that the PWC,,, of athletes in cyclic
kinds of sports was 21.8 (0.6). In our research we
found similar values of physical working capacity
in the group of well-trained subjects where PWC,,,
was 22.0 (6.1). But these results were lower
compared to those of endurance-trained athletes
(PWC,,, 23.1 (4.1) kgm/min) and higher than
those of speed-power trained athlete’s (PWC,,,
20.3 (2.8) kgm/ min).

Our results indicated that physical working
capacity of moderately trained and junior gymnasts
were similar. We did not establish any statistically
significant differences of physical working capacity
of moderately trained (PWC,,, 11.4 (5.9), beginner
and junior aerobic gymnastics athletes (PWC,,,
9.9 (5.4)) while in the beginner group, the PWC,,,
indices were about 30% higher (15.8 (6.3)) than
those in the other two groups.

Results of our study confirm the hypothesis
that physical working capacity by PWC,,, test
allows estimating physical preparation of athletes’
bodies, but these indices may not be directly linked
to their sports achievements.

CONCLUSIONS AND
PERSPECTIVES

The results showed that physical working
capacity of well-trained aerobic gymnastics athletes
(participating in international competitions, world
and European championships) had not reached
very high training level, but they were assessed
as adequately trained. Physical working capacity
of beginner gymnasts was satisfactory and the
indices of moderately trained (with twice more
training and competition experience) and junior
athletes were very low.

REFERENCES

Aerobic Gymnastics Code of Points 2009-2012. (2009).
Federation Internationale de Gymnastique.

Aleksandravic¢iene, R. (2005). Skirtingo amziaus ir
treniruotumo motery fiziologiniai pokyciai ir energetika
aerobikos pratimy metu: daktaro disertacija. Kaunas:
Lietuvos kiino kulttiros akademija.

Aleksandraviciené, R., Stasiulis, A., Zai¢enkoviené, K.,
Liaugminiené, R. (2004). Skirtingo amziaus motery

aerobinis pajégumas specifinio fizinio krlivio metu.
Ugdymas. Kuno kultiara. Sportas, 2 (52), 3-7.
Alexander, M. J. L. (1991). Physiological characteristics
of elite and subelite rhythmic gymnastics. Journal of
Human Movement Studies, 20, 99-127.

Bloomfield, J., Blanksby, B. A., Ackland, T. R. (1990).
Morphological and physiological growth of competitive
swimmers and non-competitors through adolescence.



10 Roma Aleksandraviciené, Jovita Liaudeneckaité, Ramuné Liaugminiené, Arvydas Siaurodinas, Loreta Stasiuleviciené

The Australian Journal of Science and Medicine in
Sport, 22, 4-12.

Garber, C. E., McKinnry, J. S., Carleto. R. A. (1992).
Is aerobic dance an effective alternative to walk-

jog exercise training? Journal of Sports Medicine &
Physical fitness, 32 (2), 136—-141.

Guidetti, L., Baldari, C., Capranica, L., Persichini, C.,
Figura, F. (2000). Energy cost and energy sources of ball
routine in thythmic gymnasts. International Journal of
Sport Medicine, 21 (3), 205-209.

Kubukeli, Z. N., Noakes, T. D., Dennis, S. C. (2002).
Training techniques to improve endurance exercise
performances. Sports Medicine, 32 (8), 489-509.
Maiolo, C., Melchiorri, G., lacopino, L., Masala, S.,
DeLorenzo,A.(2003).Physicalactivity energy expenditure
measured using a portable telemetric device in comparison

with a mass spectrometer. Journal of Sports Medicine,
37 (5), 445-447.

Raslanas, A., Skernevi¢ius, J. (1998). Sportininky
testavimas. Vilnius: LTOK.

Rodriguez, F. A., Iglesias, X., Marina, M., Fado, C.
(1998). Physiological demands of elite competitive
aerobics. Journal of Sports Science, 16, 510-511.

Saris, W. H. (1985). The assessment and evaluation of
daily physical activity in children. Acta Paediatrica
Scandinavica Supplement, 318, 37-48.

Svannshvili, R. A., Sopromadze, Z. G., Kakhabrishvili, Z. G.
et al. (2009). Athletes physical working capacity. Georgian
Medical News,166, 68-72.

Wideman, L., Stoudemire, N. M., Pass, K. A. et al.
(1996). Assessment of the Aerosport TEEM 100 portable
metabolic measurement system. Medicine & Science in
Sports & Exercise, 28, 509.

SKIRTINGO MEISTRISKUMO IR AMZIAUS AEROBININKIU
FIZINIO DARBINGUMO VERTINIMAS

Roma Aleksandraviciené’ %, Jovita Liaudeneckaité’,
Ramuné Liaugminiené', Arvydas Siaurodinas', Loreta Stasiuleviciené’
Aleksandro Stulginskio universitetas’, Kaunas, Lietuva
Lietuvos kitno kultiiros akademija’, Kaunas, Lietuva
Kauno paslaugy verslo darbuotojy profesinio rengimo centras®, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Fizinio darbingumo nustatymas taikant PWC,,, testa leidzia jvertinti
sportininko organizmo fizinj pasirengima, taciau sie rodikliai ne visada turi tiesioginj ry$j su sportiniais rezultatais.

Tikslas — nustatyti ir ivertinti skirtingo meistriSkumo ir amziaus aerobininkiy fizini darbinguma.

Metodai. Buvo tiriama 40 respondenéiy: jaunosios sportininkés (jaunés — 12—14 m. mergaités) ir Lietuvos
kiino kulttiros akademijos studentés — aerobinés gimnastikos specializantés. Tiriamosios pagal meistriSkuma buvo
suskirstytos | Sias grupes: jaunosios sportininkés (jaunés) (n = 10), pradedanciosios (n = 10), pazengusios, (n = 10)
ir didelio meistriSkumo (n = 10). Testavimo metu atlikti antropometriniai matavimai, pulsometrijos ir PWC,,, testai.
Taip pat buvo atlieckami du skirtingo intensyvumo fiziniai kriiviai, kuriy trukmé — 3 ir 5 minutés (laipiojimo tempas
(30 karty per minutg) buvo reguliuojamas pagal muzikos greitj).

Rezultatai. Fizinio darbingumo rodikliai tarp didelio meistriSkumo ir pradedanciyjy aerobininkiy statistiskai
reik§mingai nesiskyré. PWC,,, reikSmés panaSios pazengusiyjy ir jauniy grupése, statistiskai reikSmingas skirtumas
(p <0.05) buvo nustatytas tik lyginant pastarasias dvi grupes su didelio meistriSkumo sportininkémis.

Aptarimas ir iSvados. Rezultatai rodo, kad didelio meistriSkumo aerobininkiy (dalyvaujanciy tarptautinése
varzybose, pasaulio ir Europos ¢empionatuose) fizinio darbingumo rodikliai nebuvo labai geri, o atitiko tik gera
treniruotumo vertinima. Tuo tarpu pradedanciyju aerobininkiy fizinio darbingumo rodikliai buvo geresni negu
paZengusiyjy sportininkiy, turinéiy dvigubai didesni treniruoéiy staza ir varZybing patirti. Pazengusiyju ir jaunyju
sportininkiy, turinciy toki pati treniruociy staza, fizinis darbingumas statistiskai reik§mingai nesiskyré ir atitiko
maza treniruotuma.

RaktaZodZiai: aerobiné gimnastika, fizinis darbingumas, PWC,,, Sirdies susitraukimy daZnis.
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THE RESIDUAL EFFECT OF PRIOR DROP JUMPS
ON CARDIO RESPIRATORY PARAMETERS DURING
MODERATE CYCLING IN YOUNG WOMEN

Neringa Baranauskiené, Arvydas Stasiulis
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

Research background and hypothesis. Unaccustomed prior drop jumps (PDJ) can cause muscle damage with
concomitant delayed onset muscle soreness (DOMS) and decreased concentric contraction performance efficiency,
but the residual effect of PJID on cardio respiratory system parameters during moderate cycling exercise (MC)
remains equivocal. We suppose that DOMS, induced of PDJ, has altered cardio respiratory system parameters during

MC exercises.

Research aim of the study was to assess the residual effect of /00 prior drop jumps on cardio respiratory system

parameters kinetics during moderate cycling exercise.

Research methods. On four different days 10 women performed one increasing and three (control, 45 min and
24 h after 100 drop jumps) MC (Ergoline-800, Germany) exercises. The cadence of cycling was 70 rpm. The oxygen
uptake (Voz), carbon dioxide output (Vcoz); minute ventilation (7, ) and heart rate (//R) were continuously recorded
during MC. Subjects rated their perceived exertions at the end of MC, and the DOMS was rated 24 h after PDJ.

_ Research results. After 24 h the subjects felt moderate DOMS (5.0 (2.79)) according to 10 point scale. The Voz;
Vco, and HR kinetics were unaltered by moderate DOMS after 45 minutes and 24 hours, but V', tended to increase 45
minutes after PDJ. The negative correlation between DOMS and V02 (r=-0.52) was observed.

Discussion and conclusion. Prior drop jumps seem not to have significant residual effect on cardio respiratory
parameters kinetics after 45 minutes or 24 hours, but they tend to increase V', after 45 minutes of recovery during

moderate cycling exercise in young women.

Keywords: delayed onset muscle soreness, oxygen uptake, constant load.

INTRODUCTION

naccustomed eccentric exercise, which
| | involves active lengthening of muscle,
induce delayed muscle soreness (DOMS)
with concomitant damage and disarrangement
of muscle fibers (Hortobagy et al., 1998; Stupka
et al., 2000; Laanksonen et al., 2006; Malm, Yu,
2012), elevates creatine kinase activity (Gleeson
et al., 1995; Stupka et al., 2000; Skurvydas et
al., 2010; Chen et al., 2011) and reduces muscle
force production and performance (Laanksonen et
al., 2006; Semmler et al., 2007; Chen et al., 2010;
Gorianovas et al., 2010; Skurvydas et al., 2010).

Residual effect of prior drop jumps (PDJ) as a
form of eccentric — concentric exercise on cardio
respiratory system parameters during constant
cycling remains equivocal. No residual effect of
PDJ has been observed on ¥O,, minute ventilation
(V,) and heart rate (HR) during the steady state
phase of moderate cycling (70 W), but increased
VO2 and V. during the steady state phase of heavy
cycling one hour after PDJ have been reported
in men (Ratkevi¢ius et al.,, 2006). Moreover,
the moderate DOMS induced of bench stepping
exercise did not appear to impact V02 during
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heavy cycling 48 and 72 h after eccentric exercise
in women (Schneider et al., 2007) or eccentric
squatting exercises in men (Gleeson et al., 1995;
Moysi et al., 2005; Twist, Eston, 2009). Contrary,
significant increases in VO2 during steady state of
moderate intensity running performed one hour
after prior drop jumps with straight legs have been
found in women (Zai¢enkoviené, Stasiulis, 2010) as
well as increased V, during moderate and severe
cycling performed 48 hours after comprising
squats in men (Davies et al., 2009). Nevertheless,
we could not find data about the residual effect
of prior eccentric-concentric exercises on cardio
respiratory parameters within 24 hours of recovery
during moderate intensity cycling exercise (MC) in
women.

The aim of the study was to assess the residual
effect of 100 prior drop jumps PDJ on oxygen
uptake (Voz), carbon dioxide output (Vcoz);
minute ventilation (/) and heart rate (//R) during
moderate cycling exercise MC in young women.

RESEARCH METHODS

Participants. Ten healthy young women
(anthropometry and physical characteristics are
presented in Table 1) volunteered to participate
in this study after giving written informed
consent. The subjects were physically active but
did not take part in any formal physical exercise
or sport program. The experimental protocol was
approved by the Lithuanian Ethical Committee of
Kaunas University of Medicine and conducted in
accordance with the Declaration of Helsinki.

Ergometer cycling and data collection. The
electronicallybrakedcycleergometer“Ergometrics—
800S” (Ergo Line, Medical Measurement Systems,
Binz, Germany) was used. The pedal cadence
was 70 repetitions per minute. Subjects breathed
through low resistance mouthpiece and pulmonary
gas exchange parameters (Voz; Vcoz; V,) were
measured breath-by-breath using wireless portable
spirometry system “Oxycon mobile” (Viasys
Healthcare; California, USA). Subjects’ HR was
recorded simultaneously by HR monitor (S810

Polar, Finland). The seat and handlebar positions
on the cycle ergometer were adjusted for each
subject prior to initial exercise test and maintained
in that position for the subsequent exercise tests.

Incremental cycling exercise. The first and
the second ventilation thresholds (VT, and VT,
respectively) and peak oxygen uptake ( VOzpeak) were
evaluated using an incremental cycling exercise
(ICE) test (two watts (W) every five seconds). The
test was started by three min of baseline pedalling
at 20 W and continued until the intensity of cycling
could not be maintained at the required level for
longer than 10 s. The average value of I/"O2 over the
last 30 s of cycling was referred to as VOzpeak and
the VT, and VT, were determined from the result
of the ICE.

Moderate cycling exercise. The intensity of
MC test was 80% of VT,. The MC was preceded
by three min of baseline pedalling at 20 W, then
six min MC and three min baseline (20 W) were
performed.

Cardiorespiratory  system  parameters
kinetics analysis. Cardio respiratory system
parameters (Voz; Vcoz; V.; HR) kinetics during
MC were determined using a mono — exponential
model with independent time delays. The following
equation was used to model mono — exponential
response kinetics:

y®=y®)+A1-e"),

where y (t) represents the variable of Voz; Vcoz; V.
and HR at any time (t); y(b) is the baseline (average
value of last 30 s during cycling at 20W) of
Voz; Vcoz; V. and HR; A is the phase IT component
amplitude of y response, and (1 — e™7) is the
exponential function describing the rate at which y
is rising towards the phase Il component amplitude.
In the exponential function, t is time; t is the
phase II component time constant. Voz; V002 and
V. data were fit from the phase II response (phase
I —“cardiodynamic” increase were removed) to the
end of MC, (Rossiter et al., 1999). HR data were
modeled mono — exponentially from the onset to
the end of MC.

Table 1. Subject’s descriptive

characteristics. Values are Subjects Age, Weight, Height, Free fat Maximal power, | VO,,,, ml/

means (SD) (n=10) yrs kg m mass, kg W kg/min
35.03

Note. VO, — relative peak Mean 21.7 61.1 1.71 45.1 199 (3.84)

oxygen uptake. (SD) (1.9) (4.6) (0.06) 2.3) (21 :
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Prior drop jumps. Subjects performed 100
drop jumps from a 0.47 m stage with 20 s of
recovery between every drop jump. After drop
the subject got to amortization phase while the
knee joints were flexed at the angle of 90° when a
vertical jump (hands on hips) was performed.

Blood lactate concentration. Blood sample
(25 w) for the measurement of blood lactate
concentration ([La]) (Accutrend Portable Lactate
Analyzer, Roche, Germany) was taken from

fingertips.
Muscle soreness and perceived exertion
rating. DOMS was reported subjectively

performing one squat using a visual scale of 0—10
points in which 0 represented no pain and 10
represented intolerably intense pain.

The subject was asked to rate their perceived
exertion (RPE) using the Borg scale, ranging from
6 to 20 (7 — very, very light; 19 — very, very heavy).

Experimental protocol. Subjects reported
to the laboratory on four separated days within
a two-three week period. Exercise testing was
performed at approximately the same time of day
for each subject. The first session was used to
familiarize subjects with the testing equipment
and procedures. In the same session, each subject
performed an ICE test (after five min warm up and
five min rest). Subsequently, subjects performed
control (CON) MC in the second session (no
sooner than after 48 hours of rest after ICE). On
the third occasion subject performed PDJ and after
45 minutes (45°PDJ) they performed the same MC.
On the fourth occasion subject performed MC 24
hours after PDJ (24h PDJ). The DOMS was rated
24 h after PDJ. The [La] was taken and each subject
was asked to rate her perceived exertion at the end
of MC tests.

Statistical analysis. V02 and V', were analyzed
using two-way repeated measures ANOVA design
evaluating time and testing conditions (CON;
45°PDJ; 24h PDJ) as the main effects. Vo,; Vco,;
V, and HR parameters kinetics was analyzed using
paired one —way ANOVA (CON; 45°PDJ; 24h PDJ).
Significant results were further analyzed using
Bonferroni corrections. Statistical significance was
accepted when p < 0.05. All data are reported as
the means (SE).

RESEARCH RESULTS

The power output of MC was 82 (16) W, which
corresponds to 40.7 (5.1) percent of maximal power
of ICE. There were no significant differences in
perceived exertion rating during MC under 45°PDJ
(11.7 (1.4) and 24 h PDJ (11.4 (1.1)) compared with
CON — (11.7 (1.5)).

The absolute Voz (Figure 1) unaltered during
MC under different testing conditions (CON;
45°PDJ; 24h PDJ). The V; (Figure 2) increased
during 45°PDJ compared with CON, but the
elevation was not statistically significant (p = 0.51).

Table 2 shows mean values of base line (b),
fast components A and Tt of Voz, Veo,, V, and
HR respectively, during MC, but there were no
significant differences under different testing
conditions (CON; 45°PDJ; 24h PDJ). The [La] did
not differ 45°PDJ (3.43 (0.98) mmol/L) and 24h
PDJ (3.67 (0.98) mmol/L) compared with CON
(3.47 (0.69) mmol/L) at the end of MC. Negative
moderate, but not statistically significant (p = 0.13)
relationships between VO, during 45> PDJ and
DOMS (Figure 3) and V02 during 24h PDJ and
DOMS (Figure 4) were observed. The mean value
of DOMS was 4.8 (2.5) points on a 10 point scale.

Figure 1. Group mean response of oxygen
2 OCON 45 PDJ 024 h PDJ uptake (Jo,) during moderate cycling
exercise steady state (4 — 6 minutes) under
control condition (CON); 45 minutes
(45°PDJ) and 24 hours after prior drop
1.5 1 T T I I I jumps (24h PDJ)
= 1.330 1.344 1.350 1.352 1.369 1.376
=
=
0.5 -
0
4 5 6
Time, min
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Table 2. Cardiorespiratory parameter
responses to moderate intensity
cycling exercise under control 45 min
and 24 hours after prior drop jumps

Note. Values are means (SD). Voz -
oxygen uptake; V'coz — carbon dioxide
output; J/, — pulmonary ventilation;
HR — heart rate; A — fast component
amplitude; © — fast component time
constant.

Figure 2. Group mean response of
pulmonary ventilation (V;) during
moderate cycling exercise steady
state (4-6 minutes) under control

condition (CON); 45 minutes
(45°PDJ) and 24 hours after prior
drop jumps (24h PDJ)

Figure 3. The correlation between
changes (from control moderate
cycling conditions (CON)) on oxygen
uptake (AVO,) during moderate
cycling 45 minutes after prior drop
jumps and delayed onset muscle
soreness (DOMS) 24 hours after
prior drop jumps

P " Control 45 min after prior 24 h after prior drop
arameters conditions drop jumps jumps
V'Oz baseline. 1 min™! 0.700 (0.071) 0.692 (0.041) 0.714 (0.061)
A Voz 1 min™! 0.630 (0.170) 0.700 (0.170) 0.640 (0.184)
1, Voq .S 32.65 (8.33) 32.85(9.73) 29.22 (8.75)
Veo. baseline. 1 min-! 0.550 (0.064) 0.554 (0.056) 0.563 (0.069)
2 >
A Vc02 1 min! 0.74 (0.17) 0.80 (0.18) 0.76 (0.19)
tVeo.. s 58.25(10.41) 53.8(23.00) 56.9 (21.18)
0
V, baseline, 1 min 18.82 (2.64) 19.03 (2.77) 19.01 (2.73)
A V. 1 min- 19.74 (4.68) 21.96 (4.46) 19.82 (5.38)
E.
TV.,s 77.34 (18.18) 68.62 (19.45) 76.04 (34.59)
HR baseline, 1 min™! 103.4 (13.0) 104.0 (10.1) 98.7 (8.3)
A HR 1 min™! 40.4 (4.7) 43.7 (5.0) 39.7(5.3)
THR,s 61.52 (12.12) 57.59 (15.11) 55.65 (12.51)
60 -
OCON m45'PDJ O24hPDJ
40 - T
E 36.1 37.1 | | 373 37.6
o
>
20
0
5 6
Time, min
0.3 1
E oL
> 0.1 o o
o o (o]
O 0 T T T T 1 DOMS’
2 2 4 6 \\10 points
N *Ol T
S 8 r=-0.52
<
-0.2 1
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Figure 4. The correlation between
03 - changes (from control moderate cycling
: conditions (CON)) on oxygen uptake
(AVO,) during moderate cycling 24
0.2 - hours after prior drop jumps and
g (o) o delayed onset muscle soreness (DOMS)
= 0.1 4 24 hours after prior drop jumps
7 o
®) o)
o 9 . : Q . Q DOMS,
g 2 4 6 8 10 points
S -0 A o r=-0.50
o
>
< -0.2
o
-0.3 -
DISCUSSION moderate (Davies et al., 2009) cycling performed
24-72 hours after eccentric exercise in men or
This is the first study examining women. However, in contrast, increased VO, has

cardiorespiratory parameters response to PDJ 45
minutes and 24 hours after PDJ during MC in
young women. The main finding of this study is
that PDJ does not change the steady state of Vo2
and cardiorespiratory parameters phase II kinetics,
but has a tendency to elevate V.. during moderate
cycling 45 minutes after PDJ.

As expected, moderate DOMS was induced
in thighs muscles after 24 hours in the present
study. Drop jumps from a 0.4-0.5 m high
platform (Nielsen et al., 2005; Ratkevicius et al.,
2006; Skurvydas et al., 2007; Gorianovas et al.,
2010) either bench stepping exercise (Gleeson et
al., 1995; Schneider et al., 2007) or squats with
a load corresponding 70—150 percents of body
mass (Moysi et al., 2005; Davies et al., 2009) are
commonly used to induce DOMS, which is first felt
6—10 hours post exercise and peaks between 24 and
78 hours post exercise. Unfortunately, changes in
force generating capacity of thigh muscles and CK
activity in blood were not measured in our study,
but our experiment was performed like in the
previous study and represented maximal voluntary
contraction (MVC) decrease by ~20% as measured
one hour post-exercise (Skurvydas et al., 2000) and
still shows deficit within 72 hours and CK activity
increase within 24—48 hours of recovery (Nielen et
al., 2005; Skurvydas et al., 2007; Gorianovas et al.,
2010). Thus, it is reasonable to assume that muscle
damage was induced in the present study.

Previously study results showed no residual
effect of on V02 during heavy (Gleeson et al., 1995;
Moysi et al., 2005; Schneider et al., 2007) and

been reported during steady state phase at three
different cycling intensities (~40; 50 and 65%
of V0,,,) in men (Ratkevi¢ius et al., 2006) and
during moderate running in women one hour after
eccentric exercise (Zai¢enkoviené, Stasiulis, 2010).
Sustaining these findings, it is possible to suppose
that prior eccentric exercises elevate VO, of steady
state phase during constant cycling and running
one hour after DOMS inducing exercise, but in
the present study unaltered absolute VO2 of steady
state phase during MC performed 45 minutes after
PDJ is in contrast with this assumption. However,
unaltered V02 during MC performed 24 h after
PDJ concurs with previous studies, demonstrating
no residual effect on V02 during constant cycling
within 24-72 hours post eccentric exercises
(Gleeson et al., 1995; Moysi et al., 2005; Schneider
et al., 2007; Davies et al., 2009). Moreover, in the
present study, negative insignificant correlation
which has been observed between DOMS and
V02 (see Figures 3 and 4) did not confirm DOMS
negative impact on VoQ. Hence we may infer that
eccentric exercise has slight residual effect within
the first hour of recovery, with no alteration on VO,
2472 during constant cycling. However, elevated
V', and [La] and HR have been previously observed
(Gleeson et al., 1995; Schneider et al., 2007; Davies
et al., 2009) with increases in ratings of perceived
exertion during constant exercise (Gleeson et al.,
1995; ZaiCenkoviené, Stasiulis, 2010) 1-48 hours
after eccentric exercise. In the present study, V/,
tended to increase after 45 minutes, but [La] and
RPE were unaltered after PDJ 45 minutes and 24
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hours of recovery. Increases in V. observed whilst
exercising with DOMS have been associated with
the additional recruitment of type II fibers and a
concomitant rise in the rate of glycogenolysis
(Chein et al., 2007) and in turn increased RPE
(Davies et al.,, 2009). Contrary, increases in
RPE with no alteration in ¥, have been found
(Zaicenkoviené, Stasiulis, 2010) during moderate
running, conversely, elevated 7, with no changes
in a sense of effort have been observed during
moderate exercise one hour after PDJ in the present
study. The concert between ¥/, [La] and RPE are
still contradictory. Despite the unclear reason
of elevation in V, it is one of the most sensitive
cardiorespirarory parameters which could be
altered by eccentric exercise.

CONCLUSIONS AND
PERSPECTIVES

In conclusion, prior drop jumps have induced
delayed onset muscle soreness after 24 hours
of recovery. The delayed onset muscle soreness
does not change during the steady state of oxygen
uptake, carbon dioxide output and heart rate phase
II kinetics both after 45 minutes and 24 hours after
prior drop jumps, but it tends to elevate ventilation
45 minutes after prior drop jumps during moderate
cycling exercise. The delayed onset muscle
soreness does not alter blood lactate concentration
and perceived exertion ratings during moderate
cycling exercise in young women.

REFERENCES

Chen, T. C., Lin, K. Y., Chen, H. L., Lin, M. ],
Nosaka, K. (2011). Comparison in eccentric exercise-
induced muscle damage among four limb muscles.
European Journal of Applied Physiology, 111,211-223.

Chen, T. C., Nosak, K., Tu, J. H. (2007). Changes in
running economy following downbhill running. Journal
of Sport Science, 25, 55-63.

Davies, C. R., Rowlands, A.,V., Eston, R. G. (2009).
Effect of exercise-induced muscle damage on ventilatory
and perceived exertion responses to moderate and severe
intensity cycle exercise. European Journal of Applied
Physiology, 107, 11-19.

Gleeson, M., Blannin, A. K., Zhu, B., Brooks, S., Cave, R.
(1995). Cardiorespiratory, hormonal and haematological
responses to submaximal cycling performed 2 days after

eccentric or concentric exercise bouts. Journal of Sport
and Exercise, 6, 471-479.

Gorianovas. G., Streckis, V., Skurvydas, A. et al. (2010).
Does the repeated bout effect of exercise evoke similar
changes in the motor system of men and women?
Ugdymas. Kiino kultira. Sportas, 1 (76), 32-38.

Hortobagyi, T., Hill, J. P., Houmard, J. A. et al
(1998). Adaptive responses to muscle lengthening and
shortening in humans. Journal of Applied Physiology,
80, 765-772.

Laaksonen, M. S., Kiveld, R., Kyr6ldinen, H. et al.
(2006). Effects of exhaustive stretch-shortening cycle
exercise on muscle blood flow during exercise. Acta
Physiologica (Oxfors), 186 (4), 261-270.

Malm, C., Yu, J. G. (2012). Exercise-induced muscle
damage and inflammation: Re-evaluation by proteomics.
Histochemestry and Cell Biology, Apr 10 [Epub.].
Moysi, J. S., Garcia-Romero, J. C., Alvero-Cruz, J. R.
et al. (2005). Effects of eccentric exercise on cycling
efficiency. Canadian Journal of Applied Physiology, 30,
259-275.

Nielsen, J. S., Madsen, K., Jorgensen, L. V., Sahlin, K.
(2005). Effects of lengthening contraction on calcium
kinetics and skeletal muscle contractility in humans.
Acta Physiologica Scandinavica, 184, 203-214.
Ratkevi¢ius, A., Stasiulis, A., Dubininkaité, L.,
Skurvydas, A. (2006). Muscle fatigue increases
metabolic costs of ergometer cycling without changing
VO, slow component. Journal of Sports Science and
Medicine, 5, 440-448.

Rossiter, H. B., Ward, S. A., Doyle, V. L. et al. (1999).
Inferences from pulmonary O, uptake with respect
to intramuscular [phosphocreatine] kinetics during

moderate exercise in humans. Journal of Physiology,
518 (3), 921-932.

Schneider, D. A., Berwick, J. P., Sabapathy, S. Minahan, C.
(2007). VO, uptake kinetics during exercise with DOMS.
International Journal of Sports Medicine, 28, 1-7.

Semmler, J. G., Tucker, K. J., Allen, T. J. (2007).
Eccentric exercise increases EMG amplitude and force
fluctuations during submaximal contractions of elbow
flexor muscles. Journal of Applied Physiology, 103,
979-9809.

Skurvydas, A., Brazaitis, M., Kamandulis, S. (2010).
Prolonged muscle damage depends on force variability.
International Journal of Sport and Medicine, 31, 77-81.

Skurvydas, A., Jascaninas, J., Zachovajevas, P. (2000).
Changes in height of jump, maximal voluntary
contraction force and low-frequency fatigue after 100
intermittent or continuous with maximal intensity. Acta
Physiologica Scandinavica, 169, 55-62.

Skurvydas, A., Mamkus, G., Dudoniene, V. et al. (2007).
The time-course of voluntary and electrically evoked
muscle performance during and after stretch-shortening

exercise is different. Journal of Sports Science and
Medicine, 6, 408—416.

Stupka, N., Lowther, S., Chorneyko, K. et al. (2000).



THE RESIDUAL EFFECT OF PRIOR DROP JUMPS ON CARDIO RESPIRATORY PARAMETERS DURING MODERATE CYCLING IN YOUNG WOMEN 17

Gender differences in muscle inflammation after  Applied Physiology 105, 559-567.

eccentric exercise. Journal of Applied Physiology, 89, Zaicenkoviené, K., Stasiulis, A. (2010). The effect of
2325-2332. preceding drop jumps on VO, kinetics during moderate
Twist. C., Eston, R. G. (2009). The effect of exercise- and heavy intensity running in young women. Ugdymas.
induced muscle damage on perceived exertion and  Kino kultira. Sportas, 3 (78), 105-112.

cycling endurance performance. European Journal of

SUOLIU PRIESKRUVIO POVEIKIS MERGINU KVEPAVIMO
BEI SIRDIES IR KRAUJAGYSLIU SISTEMU RODIKLIU KAITAI
ATLIEKANT VIDUTINIO INTENSYVUMO
KRUV] VELOERGOMETRU

Neringa Baranauskiené, Arvydas Stasiulis
Lietuvos kiino kultiros akademija, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Nejprasti nusokimai vertikaliu $uoliu (NVS) sukelia raumeny pazaida, lydima
véluojancio raumeny skausmo ir sumazéjusio koncentriniy susitraukimy atlikimo veiksmingumu, taciau néra aisku,
koks NVS lickamasis poveikis irdies ir kraujagysliy bei kvépavimo sistemy rodikliams, ju kaitai atliekant vidutini
krivi veloergometru (VK). Manoma, kad atlickant VK po ekscentriniy pratimy pakis Sirdies ir kraujagysliy bei
kvépavimo sistemy funkcijy rodikliai.

Tikslas — nustatyti 100 NVS poveiki Sirdies ir kraujagysliy bei kvépavimo sistemy funkcjy rodikliy kaitai
atliekant VK.

Metodai. Skirtingy testavimy metu 10 merginy atliko viena nuosekliai didinama kriivi, per kitus tris kartus
(kontrolini, praéjus 45 minutéms ir 24 valandoms po NVS)— VK veloergometru (--Ergotine-800%, Vokietija). Mynimo
daznumas — 70 k./min. VK metu buvo registruojamas deguonies suvartOJlmas (Vo ), anglies dioksido i§skyrimas (
VCOZ) minutin¢ plauciu ventiliacija (¥7,) ir Sirdies susnrauklmq daznis (SSD). VK pabaigoje buvo vertinamos
subjektyviai suvokiamos pastangos. Pra¢jus 24 valandoms po NVS, tiriamosios vertino skausma.

Rezultatai. Tiriamosios jauté vidutini Slaunies raumeny skausmq praéjus 24 valandoms po NVS (5,0 (2,79)
baly). Pragjus 45 minutéms ir 24 valandoms po VK, V0,, v co, ir SSD nepakito, ta¢iau V;po 45 minuciy didéjo, bet
nereikSmingai. Buvo nustatytas neigiamas koreliacinis ry8ys tarp VRS ir Vo, (r = -0.52).

Aptarimas ir iSvados. Apibendrinant galima teigti, kad 100 nuSokimy vertikaliu Suoliu, praéjus 45 minutéms
24 valandoms po ju, neturi reikSmingo poveikio motery kvépavimo ir Sirdies bei kraujagysliy sistemy rodikliy
kaitai, taCiau turi tendencija padidinti J/, pra¢jus 45 minutéms po NSV, kai atliekamas vidutinio intensyvumo kriivis
veloergometru.

RaktaZodZiai: véluojantis raumeny skausmas, deguonies suvartojimas, pastovus kriivis.
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ASSESSMENT OF THE RELIABILITY OF COGNITIVE
(ATTENTION AND MEMORY) TESTS
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ABSTRACT

Research background and hypothesis. Special neuropsychological tests, which are used to assess cognitive
functions in clinical practice, are often complicated, time-consuming, demanding special knowledge and expensive;
therefore, cognitive functions frequently remain insufficiently assessed. For this reason, our selected and validated
tests intended for the assessment of short-term memory and attention could be successfully applied in sports and
clinical rehabilitation.

Research aim. The aim of this study was to assess the reliability of the tests of cognitive functions (memory
and attention).

Research methods. The reliability of the tests was assessed using the intraclass correlation coefficient (ICC)
and variation coefficient (VC). Young and healthy students (n = 41), aged from 18 to 30 (24.6 + 2.3), participated
in the research. The participants accomplished the tests 4 times, i. e. 2 times (with a one-hour break) on the first day
(teaching) and 2 times (with a one-hour break) on the second day (reliability testing).

Research results. The results of testing the volume of spatial memory and even number recognition ranged
from high to very high reliability of the tests. The results of ICC single of testing memory for figure recognition
demonstrated low reliability, whereas ICC average proved average reliability. The results of complex reaction
assessment, search for image samples and attention transfer ranged from high to a very high reliability of the tests.

Discussion and conclusions. The reliability of the tests of memory and attention assessment is high (with the
exception of figure recognition tests, the reliability of which is average/low); therefore, the tests are suitable to be
used in sport and clinical rehabilitation practice, aiming at determining the changes in cognitive functions under the
influence of external factors, e. g. cold, heat, etc.

Keywords: brain functions, validity, stability, testing.

INTRODUCTION

he most frequently used tool of exploring

I the reliability of tests is their re-testing.
The stability of re-testing is assessed by
repetitive testing of the same respondents after
a certain amount of time (Liu et al., 2010). The
reliability of re-testing is based on the correlation
of two (or more) experiments. Provided the
tests are compiled in the right way, their results
should be similar after re-testing. The validity
of the test defines whether the research method
really measures what it is supposed to measure,

and whether the test results are correct (Gur et
al., 2010). The main principles of compiling the
methodology of memory and attention assessment
have undergone only minor changes since the times
of H. Ebbinghaus (1885/1962) and G. A. Miller
(1955); these methodologies are based on the well-
known principles of the research of memorization
and attention processes. The tasks, which are
applied for the assessment of attention and
memory processes, are frequently included into
the composition of more complex research, e. g.
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Wechsler Adult Intelligence Scale (WAIS) (Kramer
et al., 2011). Therefore, these tests do not demand
additional proof for their reliability.

Depending on the specificity of the task
(attention or memory), a cognitive test indirectly
points to separate functions of chief nerve centers
and are intensively applied in the fields of medicine,
sports and psychology (Collie et al., 2003).
Attention helps to distinguish a separate item from
the group clearly and assuredly. An adult person
can focus his/her attention on 4 to 6 independent
objects (Martens et al., 2010). The frontal lobe of
the brain determines concentration of attention,
integrates the awareness and understanding of
all the components of information, as well as
organizes the processing of information data. The
pre-frontal lobe controls alertness as well as the
states of attention and activeness (Chein, Fiez,
2010). The duration of reaction (indirectly) shows
the speed of “calculation” performed by the brain.
It has been determined that when a choice has to
be made, the processes in the central nerve system
slow down (Skurvydas, 2011). The frontal part of
cerebral cortex is responsible for the action plan
(Correani, Humphreys, 2011), whereas thalamus
is responsible for understanding, and the frontal
nuclei of the thalamus regulate memorization
of new information. The complex functions of
cognition and analysis are formed in the parietal
lobe of cerebral cortex (Min, 2010).

Memory is one the most important and
main functions of the brain. From the temporal
point of view, memory consists of three stages:
sensory (0.1-0.5 s), short-term (up to 20 s), and
long-term (information is stored for unlimited
time) (Axmacher et al., 2009). One of the most
significant components of any cognitive activity
is short-term storage of information and its
management in memory. Short term memory is
located in the cerebral cortex (Thoresen et al.,
2011). According to the type of memorization, long-
term memory is divided into episodic (for personal
experience), semantic (for general knowledge) and
procedural (intended for skills). Hyppocampus
and hypothalamus are responsible for episodic
and semantic memory. Hippocampus is also
responsible for working memory, whereas the chief
nerve ganglion and cerebellum — for procedural
memory (Correani, Humphreys, 2011). In short-
term (operational, working) memory important
data from sensory organs and long-term memory
are fixed for a short time and promptly rearranged.

Working memory, also referred to as operational, is
defined as a system, which temporarily stores and
manages the necessary information to accomplish
complex cognitive tasks, such as learning,
reasoning and understanding (Eng et al., 2005). In
other words, working memory is needed so that we
could operate in the surrounding world, whereas
short-term and long-term memories ensure that
we use the obtained information (Morey, Cowan,
2005). Working memory is very short, it lasts
from several seconds to a few dozens of seconds
(Axmacher et al., 2009). Depending on the sensory
organs, which were used to obtain information,
four types of memory are distinguished: motor
(memory of movements), emotional, visual, and
verbal-logical (verbal) (Mizuno, Takeda, 2009).

In this research the reliability of cognitive
tests has been assessed using intraclass correlation
coefficient (ICC), which is widely applied in the
assessment of the correlation of re-tests. This
method assesses not only the interdependence
between two variables, but also the compatibility
of these two variables in terms of their average
mean (Friedman et al., 2008; Singh et al., 2011).
There are two possible ways of the assessment of
ICC: reliability of single assessments (/CC single),
when the data of individual experts is analyzed; and
reliability of assessment averages (ICC average),
which covers the analysis of the average mean of
experts’ data. Besides, variation coefficient (VC)
has also been applied, which shows the percentage
of the average deviation from the mean. The
drawback of cognitive tests lies in the alterations
of the results, obtained in different populations;
the result may also be affected by such factors as
age (Stein et al., 2010), education, disease, e. g.
cerebrum distemperantia, etc. (Gur et al., 2010);
therefore, the reliability of tests should be assessed
individually for a particular population in particular
circumstances. It is also important to determine
whether the interaction, the researcher and the
research participants are reliable (Skurvydas et al.,
2011).

The aim of the research is to assess the
reliability of tests of cognitive functions (memory
and attention).

Organization and Procedure of the Research.
The research was conducted in the laboratory of
The Centre of Fundamental and Clinical Research
in Movement at the Lithuanian Academy of
Physical Education. The research participants were
introduced to the aims, procedure and possible
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inconveniences of the research. Young and healthy
students of the Lithuanian Academy of Physical
Education (n = 14), aged from 18 to 30 (24.6 =2.3),
participated in the research. They accomplished
the tests four times, i. e. two times (with an hour’s
break) on the first day (teaching) and two times
(with one hour’s break) on the second day (re-
testing to assess the reliability). There was a 24-
hour break between the first and the second day’s
testing. The research participants had to complete
six tests (three tests for memory and three for
attention), the tests were presented in random
order. The accomplishment of all tests lasted
approximately for 20 minutes. The participants
completed the tests in a quiet environment: they
were not disturbed by other people, noise, music or
other distracters.

RESEARCH METHODS

Memory assessment. Memory tests are
used to assess the stages of short-term memory:
memorization, storage and recall (Morey, Cowan,
2005). To assess the above-mentioned peculiarities,
three standard memory tests were selected (Collie
et al., 2003), which helped to assess the volume
of spatial memory, as well as recognition of even
numbers and figures.

The volume of spatial memory was assessed
using “the test of memorizing the quantity of
numbers”. The test is based on G. A. Miller’s
(1955) standardized norm applied for short-term
memory, stating that a person is able to memorize
7 £ 2 symbols in three seconds or a very short
time (up to 20 seconds). To test spatial memory,
research participants had to memorize a sequence
of numbers; after memorizing it, they had to
enter it on the computer. The following line of
numbers appeared only after the participant got
ready (Figure 1 (a)). The duration of showing the
numbers on the monitor (in our case a sequence of
numbers) is very important in such kind of tests.
Since the demonstrated numbers are not complex
objects, an interval of 3000 ms was chosen. If a
research participant forgot one or several numbers,
s/he had to enter only those numbers that s/he had
memorized; they should not have entered invented
numbers. The first line of numbers consisted of 7
numbers. If the participant memorized and entered
the right sequence of numbers, the following
one should consist of 8 numbers. If s’/he made a
mistake, the next task contained 6 numbers. In case

the participant made another mistake, the following
line would consist of 5 numbers and so on. Sixteen
numeric lines were presented for the participants.
The results of the test reflect the average length
of the memorized sequence of numbers, i. e. the
quantity of numbers constituting the sequence and
the average of recognized numbers.

During the assessment of memory for equal
number recognition, the participants were given a
sequence of even numbers on their screens. They
had to memorize 10 even numbers, and after their
disappearance, enter them into the empty spaces on
the computer in random order (Figure 1 (b)). The
research included two sequences of ten numbers.
The results of the test depended on the number of
correct answers of both attempts (maximum 20).

The test of the assessment of memory for figure
recognition was based on the research results
conducted by J. H. Song and Y. Yang (20006).
They proved that visual working memory is able
to memorize 3 colors, 2 shapes of objects and 2
objects in terms of their color and shape. Only a
few features can be memorized at a time. Despite
that we can memorize 4 basic features (e. g.
color), we can memorize only 2 complex features
(e. g. a random form). In terms of the duration of
information storage, short-term memory lasts only
up to 20 seconds (Endestad, 2011); therefore, the
figures on the monitor were displayed for 15 seconds
so that we could avoid the transfer of information
into long-term memory. While identifying the
quantity of visual memory, a participant was shown
9 different geometrical shapes at a time, which
they had to memorize in 15 seconds (Figure 1 (c)).
After the picture had vanished, there appeared
a table with 28 different figures, including the
ones to memorize. The result of our test for the
memorization and recall of geometrical shapes
depended on the number of correctly recognized
figures (the maximum possible assessment was 9).

Attention assessment. Testing of attention
allows investigating the main characteristics of
attention: stability, concentration, distribution
and transfer (Correani, Humphreys, 2011). The
research of the mentioned peculiarities included the
following tests: assessment of complex reaction,
search for visual objects and tests of attention
transfer.

Test for the assessment of complex reaction is
intended to determine the speed of the choice of
correct response in a given situation, when a person
needs to choose one of the two possible responses to
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a stimulus as fast as possible (Kubicki et al., 2012).
While accomplishing the test for complex reaction
assessment, the research participant had to press
the right arrow (—) as quickly as possible when
an even number appeared on the computer screen,
and press the left arrow (<) when an odd number
appeared (Figure 2 (a)). While accomplishing the
test, attention was focused on one visual field area.
The time span between the emergence of numbers
(the span between the last pressing of the button and
appearance of the next number) shifted from 0.5
to 3 seconds. The variation in time was necessary
that the participant would not know when to expect
the next number. The duration of the test was 3
minutes, the result depended on the latent period of
the responses (the time between the appearance of
a number on the screen and pressing on the arrow),
the number of responses and the number of correct
answers.

The test for the search of visual objects was
intended to assess the distribution of attention,
i.e. the ability to accomplish several actions at a
time (Kastner et al., 1999). A participant was
provided with a matrix of 25 boxes, which listed
the numbers from 1 to 25 in random order (Figure
2 (b)). Using the mouse, the participants had to find
and order the right sequence of numbers as quickly
as possible. The result depended on the average
time of accomplishing five tasks.

The test for attention transfer was intended
for the investigation of attention concentration
and sustention as well as the speed of information
processing (Martens et al., 2010). The essence of

this test was a purposeful transfer of attention from
one object to another. The research participant was
presented with a matrix of 25 hollow and 24 solid
numbers (Figure 2 (c)). The participants had to
arrange the hollow numbers in the increasing order
from 1 to 25, and solid numbers in the decreasing
order from 24 to 1. Using the computer mouse, the
numbers were ordered in the following sequence:
1 — a hollow number, 24 — a solid number, 2 — a
hollow number, 23 — a solid number, etc. The sum
of the hollow and solid numbers should always
equal to 25 (1 + 24 = 25, 2 + 23 = 25, etc.). The
duration of the test was 5 minutes. The result
reflected the speed of the accomplishment of the
task, which ranged from 0 to 300 seconds.

The reliability of research results was assessed
by calculating the average of the population,
standard deviation, and intraclass correlation
coefficient (/CC), which shows the correlation of
re-testing (Singh et al., 2011) and coefficient of
variation (CV), which shows the variation of the
characteristics of different compared totalities.
The lower the coefficient of variation, the lower
the variation of the characteristics, and vice versa.
This is a percentage proportion of the average
square deviation and the megan. It is claimed that
if the significance of the coefficient of variation
is lower than 10%, it shows a high stability of the
results between the two characteristics (Sutton et
al., 2002). The assessment of ICC: if it ranges from
1.00 to 0.90, the correlation is very high; from 0.89
to 0.70 — the correlation i§4high; from 0.69 to 0.50 —
the correlation is average; from 0.49 to 0.26 — the
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correlation is low; and <0.26 shows low correlation.
The statistical significance is p < 0.05 (Aarrestad et
al., 2004). The reliability was assessed using the
program SPSS 12.0.1 for Windows.

RESEARCH RESULTS

Results of assessment reliability of memory
Tests. The data averages and intraclass correlation
coefficient of the two memory tests (the test and re-
test) are presented in Table 1.

The results of the average length of number
sequence in testing the volume of spatial memory
showed high reiteration of the results of both tests
(the test and re-test). The results of the reliability of
single assessments (/CC single) and reliability of
assessment averages (ICC average) revealed a high
and very high reliability of the test (significant at
p <0.001). Variation coefficient (1.32%) disclosed a
very high stability and minimal variation between
the test and re-test results. The results of the
intraclass correlation coefficient and variation
coefficient (2.22%) of the average number of
guessed symbols of testing the amount of numbers

Table 1. Results of the assessment of the reliability of memory tests

memorization also revealed a very high reliability
of test results (significant at p < 0.001).

The results of single assessment reliability
(ICC single) and assessment averages reliability
(ICC average) of testing even number recognition
proved a very high reliability of the test (significant
at p < 0.0001) (Table 1). The coefficient of the
afore-mentioned test (1.56%) showed a very high
stability and minimal variation between the test
and re-test results.

The results of single assessment reliability (/CC
single) of testing memory for figure recognition
demonstrated low reliability, whereas the results
of assessment averages reliability (/CC average)
proved average reliability of the test (significant
at p < 0.01) (Table 1). However, the variation
coefficient of the test (4.73%) showed high stability
between test results.

Results of assessment reliability of attention
tests. The data averages and intraclass correlation
coefficient of the two attention tests (the test and
re-test) are presented in Table 2.

The results of the test of complex reaction
assessment revealed a high reliability of single
ICC assessments and a very high reliability of [CC

Volume of spatial memory Memory for e\'/efn number Memory f(')r' figure
recognition recognition
L Average length of numeric Average number of Number of correct Number of correctly
Criterion )
sequence guessed symbols answers recognized figures
Test Re-test Test Re-test Test Re-test Test Re-test
Th
e 66£0.60 6.69+0.71 |6.22+0.86 |6.36+0.80 9.39+2.50 |9.54+2.18 | 7.2+ 1.19 | 6.88+ 142
ICC (single) 0.82%%* 0.86** 0.68%** 0.36*
ICC (average) 0.90%** 0.93%* 0.81%** 0.53*

Note. SD — standard deviation; ICC (single) — reliability of single assessments of intraclass correlation coefficient; (average) — reliability of

assessment averages of intraclass correlation coefficient; * —p < 0.01; ** —p < 0.001; *** —p <0.0001.

Table 2. Results of the assessment of the reliability of attention tests

Test of complex reaction Test of search for image samples Test for attention transfer
L. . . Average time of the Speed of accomplishing
Criterion Time of reaction, ms accomplishment of five tasks, s the task, ms
Test Re-test Test Re-test Test Re-test
Averages‘gea“ and | 66254+ 95.43 | 642347852 | 30984866 | 38.90+835 | 206.98+44.32 | 199.24 45.90
¥CC 0.75* 0.89* 0.94*
(single)
Icc 0.86* 0.94* 0.97*
(average)

Note. SD — standard deviation; ICC (single) — reliability of single assessments of intraclass correlation coefficient;

assessment averages of intraclass correlation coefficient; * — p < 0.0001.

(average) — reliability of
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average assessments (significant at p < 0.0001)
(Table 2). Variation coefficient (3.05%) disclosed a
high stability between test results.

The results of the reliability of ICC single
assessments and /CC assessment averages of
testing the search for image samples revealed a
high reliability of the test (significant at p < 0.0001)
(Table 2). Variation coefficient (2.68%) disclosed a
very high stability between test results.

The results of assessing the reliability of /CC
single assessments and /CC average assessments
of testing attention transfer revealed a very high
reliability of the test (significant at p < 0.0001)
(Table 2). Variation coefficient (3.74%) disclosed a
high stability between test results.

DISCUSSION

There are no standardized tests to assess
cognitive functions in Lithuania. This research
aims at the assessment of the reliability of attention
and memory tests. The chosen collection of tests
is meant for the assessment of such cognitive
functions as attention and memory. The assessment
of attention helps to explore the main characteristics
of attention: stability, concentration, distribution
and transfer (Martens et al., 2010). Memory tests
are used to assess the stages of short-term memory:
memorization, storage and recall. Re-testing has
been organized to determine the reliability of tests
(test—re-test), which include two cases of observing
the same participant in two different periods. The
tests are referred to as reliable, since similar results
have been obtained in both cases. Reliability
assessment can be attributed to objective methods
of assessment, as methods of statistical calculation
have been strictly observed (Friedman et al., 2008).
Two coefficients, namely intraclass correlation
coefficient (ICC) and coefficient of variation (CV),
have been selected to assess the reliability of tests.

The volume of spatial memory has been
assessed in accordance with the theory of
H. Y. Eng, D. Chen and Y. Yang (2005), who state
that the intervals of 5000 ms or even shorter can
be applied for the testing of sensory memory.
The duration of the appearance of objects (in our
case numeric sequences) on the monitor is very
important in this type of tests. According to the
afore-mentioned authors, 3000 ms is the average
time span to assess the volume of visual working
memory accomplishing such or similar tasks.
Using the functional magnetic resonance imaging
(fMRI), J. H. Song and Y. Yang (2006) determined

that parietal, frontal and parietal-temporal lobes
are responsible for the visual working memory.

The assessment of the memory of even numbers
recognition is based on structuring, i.e. coding
of information in larger units, which enhance
the quantity of the processed information. The
grouping of numbers is effective in enhancing the
volume of short-term memory, and we employ this
either consciously or unconsciously (Palmgren,
2010). The structuring is possible provided the
information, which is stored in long-term memory,
is activated (e. g. the number 10 is the month
of birth, etc.)). It has been determined that the
coding of information is especially dependent on
the capacity of working (operational) memory
(Skurvydas, 2011). The part of brain, which is
responsible for working memory, is hyppocampus,
whereas parietal lobe, which is in the back part
of the brain, is responsible for information recall
(Thoresen et al., 2011).

The results of testing the volume of our spatial
memory and memory for even number recognition,
in accordance with intraclass correlation coefficient
(ICC single, ICC average), show a high or very
high correlation of the results of both tests (the test
and re-test).

The occipital lobe of the brain is responsible
for the recognition of spatial figures (Palmgren,
2010). M. C. Jackson and J. E. Raymond (2008)
have determined that the pictures, which present
recognizable objects, are better memorized rather
than those, which depict abstract motifs. The results
of the reliability of single assessment (/CC single) of
our testing the memory for figure recognition have
demonstrated low reliability, whereas the results of
the reliability of assessment averages (ICC average)
have shown average reliability. It is credible that the
complexity of the test has determined the average
and low reiteration of test results. A. Skurvydas
(2011) maintain that concentration of attention on
two or more objects almost always results in worse
accomplishment of tasks.

Selection of important information is
performed with the help of visual attention. The
dorso-lateral pre-frontal lobe of cerebral cortex
is important in the accomplishment of the test of
assessing a complex reaction. It is the controlling
center, which supervises information loads
obtained by senses, and controls the areas, which
need attention. Another important part is temporal
lobe, which is responsible for attention (Kastner
et al., 1999). Pre-frontal lobes are responsible for
the results of testing the search for image samples,
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which control alertness, and regulate the states of
attention and activeness. The frontal lobe is highly
important in testing attention transfer, which
determines concentration of attention, integrates
the awareness and understanding of all the
components of information, as well as organizes
the processing of information data (Chein, Fiez,
2010). After having summarized the indicators of
the reliability of attention tests, and referring to
intraclass correlation coefficient (ICC single, ICC
average), it occurred that all the accomplished tests
show a high or a very high stability of the results of
both tests (the test and re-test).

The indicators of variation coefficients
obtained from all tests, both attention and

memory, are lower than 5%, which shows a high
stability between the test and re-test results with a
minimum variation.

CONCLUSIONS AND
PERSPECTIVES

The reliability of the tests of memory and
attention assessment is high (with the exception
of figure recognition tests, whose reliability is
average/low); therefore, the tests are suitable to be
used in sport and clinical rehabilitation practice,
aiming at determining the changes in cognitive
functions under the influence of external factors,
e. g. cold, heat, etc.
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KOGNITYVINIU FUNKCLJU (DEMESIO IR ATMINTIES) TESTU
PATIKIMUMO VERTINIMAS

Vaida Bernecké" 2, Nerijus Eimantas?, Henrikas Paulauskas?, Beata Skaisgiryté?,
Justas Kudrevicius?, Marius Brazaitis?
Siauliy valstybiné kolegija’, Siauliai, Lietuva
Lietuvos kitno kultiaros akademija?, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Klinikingje praktikoje kognityviniy funkcijy vertinimui naudojami specialiis
neuropsichologiniai testai daznai yra sudétingi, uzimantys daug laiko, reikalaujantys specialiy ziniy, brangis, todél
kognityvinés funkcijos daznai lieka nepakankamai jvertintos. Dél to miisy pasirinkti ir patikrinti trumpalaikés
atminties ir démesio vertinimo testai galéty buti sékmingai taikomi sporto, klinikinéje reabilitacijos praktikoje.

Tikslas — jvertinti kognityviniy funkcijy (atminties ir démesio) testy patikimuma.

Metodai. Testy patikimumas buvo vertintas naudojant intraklasinj koreliacijos koeficienta, kuris turi dvi versijas:

pavieniy vertinimy patikimumo (/CC single); vertinimy vidurkio patikimumo (/CC average) ir variacijos koeficienta
(VC). Buvo tiriami jauni sveiki studentai (n = 41), kuriy amzius nuo 18 iki 30 mety (24.6 + 2.3 m.). Testus tiriamieji
atliko i$ viso keturis kartus, t. y. du kartus (darydami vienos valandos pertrauka) pirma diena (mokymas) ir du kartus
(darydami vienos valandos pertrauka) antra diena (testavimas patikimumui nustatyti).

Rezultatai. Erdvinés atminties apimties ir poriniy skaitmeny atpaZzinimo atminties testy rezultatai parodé didelj
ir labai didelj testuy patikimuma. Figiry atpazinimo atminties testo (ICC single) rezultatai parodé maza, o (/CC
average) rezultatai — vidutinj testo patikimuma. Sudétingos reakcijos vertinimo, vaizdiniy pavyzdziy paieskos ir
démesio nukreipimo testy rezultatai parodé didelj ir labai didelj patikimuma.

Aptarimas ir iSvados. Démesio ir atminties vertinimo testy patikimumas yra aukstas (iSskyrus figliry atpazinimo
atminties testo, kurio patikimumas vidutinis/Zemas), todél testai tinkami naudoti sporto, klinikinéje reabilitacijos
praktikoje norint nustatyti kognityviniy funkcijy pokycius organizma paveikus iSoriniams veiksniams, tokiems kaip
Saltis, Siluma ir kt.

RaktaZodZiai: smegenu funkcijos, pagristumas, stabilumas, testavimas.
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THE EFFECT OF INCREASED FEMALE SEX HORMONE
CONCENTRATION ON MOVEMENT PROPRIOCEPTION

Laura Daniuseviciaté!, Vitas Linonis', Lina Barsiené?
Kaunas University of Technology', Kaunas, Lithuania
Lithuanian University of Health Sciences, Medical Academy?, Kaunas, Lithuania

ABSTRACT

Research background and hypothesis. Over the last years, basic research on the effect of different hormones
on tendons and ligaments has been initiated. Regarding oestrogen receptor localization in brain and their interaction
with neurotransmitters (Maki et al., 2002; Friden et al., 2003; Farage et al., 2008), we speculate that the increase in
the level of female sex hormone concentration will improve the sense of movement.

Research aim was to study the effect of increased female sex hormone concentration on movement proprioception.

Research methods. Subjects were healthy and physically active women (n = 15) with normal menstrual cycle,
aged 19-23 years, body weight — 58.2 + 6.1 kg, height — 168.4 £ 5.6 cm as well as female basketball players
(n = 15) with normal menstrual cycle, aged 19-23 years, body weight — 78.31 + 2.81 kg, height — 182.40 £ 4.71 cm.
We performed three experiments with each participant: in follicular phase, ovulation and luteal phase. The samples
of 5 ml venom blood were taken to establish the amount of estradiol 7B-estradiol and progesterone concentration.
The sense of knee joint position was evaluated using isokinetic dynamometer (System 3; Biodex Medical Systems,
Shirley, New York, USA). During a training session, a subject’s right leg was flexed at the knee joint and fixed at
the angle of 90°. Prior to each test, the researcher demonstrated the target angle of 60° by stretching subject’s leg. In
order to train the flexion of the knee joint, a subject’s right leg was extended at the knee joint and fixed at the angle
of 0°. The researcher demonstrated the target angle of 50° by flexing subject’s leg. The subjects had to perform three
tests at the velocity of 2°/s, 5°/s and 10°/s with their eyes open and closed.

Research results. Females in the control group performed knee joint proprioception task better with an extended
knee at velocity of 2°/s with open eyes during the follicular phase, but at the velocity of 10°/s the values were better
during ovulation. Basketball players performed the same task better at velocity of 5°/s during ovulation, but at
velocity of 10°/s the values were better during the luteal phase. Females in control group performed knee joint
proprioception task with an extended knee at the velocity of 5°/s with closed eyes better during the luteal phase. No
statistical difference between control group and basketball player indices of knee joint position proprioception task
with a flexed knee at velocity of 2°/s, 5°/s and 10°/s with closed eyes during the menstrual cycle was found.

Discussion and conclusion. Knee joint proprioception indices were better during ovulation phase in control
group and basketball players.

Keywords: knee joint proprioception, follicular phase, ovulation, luteal phase.

INTRODUCTION

roprioception is related to the senses of
Pposition and movement of limbs. These
senses are mediated through neural input from
peripheral mechanoreceptors in the skin, muscles,

tendons, ligaments and joint capsules (Friden et al.,
2003). Overthelastyears, basicresearch onthe effect

of different hormones on tendons and ligaments
has been initiated. Estrogen and progesterone
receptors have been indentified on fibroblasts in the
humans (Nakata et al., 2010). Estrogen has been
shown to decrease the proliferation of fibroblasts
and the synthesis of Type 1 procologen (Nakata
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et al., 2010). Previous studies have suggested that
the variation of estradiol and progesterone during
the menstrual cycle influences neurological and
motor functions (Osterlund et al., 2001). Increased
levels of progesterone metabolites during the luteal
phase are known to affect various transmitters and
hormone systems, for example in the cerebellum,
resulting in effects on motor functions (Shen
Yin-Chen, Franz, 2005). It was ascertained that
oestrogen receptors (ERP) detected in cerebellum
interact with neurotransmitter y-aminobutyric acid
(GABA) (Friden et al., 2003) and higher estradiol
concentration improve procedural memory (Gur
et al., 2000). However, the performance of right
movements, movement coordination, and balance
during ovulation are worse when comparing the
indices during follicular and luteal phases (Friden
etal., 2003). Several investigations have studied the
relationship between menstrual cycle phase and the
risk of anterior cruciate ligament (ACL) injuries.
There are multiple indications that ACL laxity
(Friden et al., 2003), neuromuscular factors (Friden
et al., 2006), as well as athletic performance (Shen
Yin-Chen, Franz, 2005), may fluctuate during the
menstrual cycle. However, these findings have
been equivocal and there is little consensus in
research literature. Some studies suggested that
pre-menstrual and menstrual symptoms affect the
athletic performance and neuromuscular control,
and may increase the risk of musculoskeletal
injuries (Shultz et al., 2005). However, few
studies have investigated the influences of these
dysfunctions on noncontact ACL injuries (Eiling et
al., 2007). The implications of these physiological
changes during the menstrual cycle on ACL injury
risk in female athletes have not been clarified yet.
Regarding oestrogen receptor localization in brain
and their interaction with neurotransmitters (Maki
et al., 2002; Friden et al., 2003; Farage et al.,
2008), we speculate that the increase in the level
of female sex hormone concentration will improve
the sense of movement. The aim of the study was
to study the effect of increased female sex hormone
concentration on movement proprioception.

RESEARCH METHODS

Subjects were healthy and physically active
women (n = 15) with normal menstrual cycle,
aged 19-23 years, body weight — 58.2 + 6.1 kg,
height — 168.4 + 5.6cm as well as female basketball

players (n = 15) with normal menstrual cycle,
aged 19-23 years, body weight — 78.31 £+ 2.81 kg,
height — 182.40 £4.71 cm. The healthy and physical
active women (n = 15) were chosen as control
group. All the participants had not been using
oral contraceptives for six months and had regular
(28 days) menstrual cycle. Ethical approval was
obtained from Kaunas Regional Ethics Committee
of Biomedical Research (report number BE-2-
24). Written informed consent was obtained from
the volunteers prior to their participation in this
study. All the volunteers could be considered as
physically active as they took part in recreational
activities two or three times per week.

Estimation of basal body temperature. Basal
body temperature (BBT) estimation is a method
for identifying the approximate day of ovulation,
and thus the relative length of follicular and luteal
phases (Bauman, 1981). Each subject measured
BBT every morning for three months before the
experiment. BBT increased approximately by
0.3° C after ovulation, which sustained throughout
the luteal phase. Using BBT method we chose
subjects in the study on their early-follicular phase,
when oestrogen and progesterone concentrations
were low, and on ovulation, when estrogen
concentrations were high (Bauman, 1981).

Estimation of estrogen concentrations.
At the beginning of every study, 5 ml of venous
blood sample was taken to establish estradiol
(17B-estradiol) and progesterone concentration in
blood. The enzyme immunoassay analysis ECLIA
was used to establish estradiol (17B-estradiol)
and progesterone concentration in blood in vitro
with Roche Elecsys 1010/2010 cobas e 411 (Roche
Diagnostics GmbH, Germany) and Modular
Analytics E170 immunological analyzers (Roche
Diagnostics GmbH, Germany). In our study we
measured estradiol7p-estradiol and progeterone
concentration in blood on the second (follicular
phase), fourteenth (ovulation) and twenty third day
(luteal phase) of menstrual cycle.

Estimation of knee joint position sense. Knee
joint position sense was evaluated using isokinetic
dynamometer (System 3; Biodex Medical Systems,
Shirley, New York, USA). During a training session,
a subject’s right leg was flexed at the knee joint
and fixed at the angle of 90°. Prior to each test, the
researcher demonstrated the target angle of 60° by
extending subject’s leg. A subject’s right leg was
extended at the knee joint and fixed at the angle
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of 0°. The researcher demonstrated the target angle
of 50° by flexing subject’s leg (Figures 1 A, B). The
same sequence of actions was used throughout the
research while performing the test of the knee joint
position sense. The subjects had to perform three
tests at the velocity of 2%s, 5%s and 10%s with their
eyes open and closed (Hertel et al., 2006).

Testing schedule. Training tests were
administered for the subjects to get used to the
laboratory environment and learn how to perform
joint position sense tests. Each study was conducted
at least a week after the training tests. During
the experiment, the room temperature was usual
(20—22°C). The subjects were selected randomly,
females were chosen according to the duration of
their menstrual cycle and ovulation day. The day
for the test was set in the early follicular phase
(estradiol and progesterone in blood is low); on
ovulation, estradiol in blood is peak during the
menstrual cycle; during luteal phase, estradiol —
medium, progesterone — peak during the menstrual
cycle. At the beginning of the experiment, 5 ml of
venous blood sample was taken to measure the
concentration of female sex hormones: estradiol
and progesterone. The knee joint position sense
tests were conducted.

Descriptive data is presented as means (SEM).
The one-way analysis of variance (ANOVA) for
repeated measures was used to determine the effect
of menstrual cycle on the knee joint position sense
values separately at different velocities. If significant
effects were found, post hoc testing was performed,
applying paired t-tests with a Bonferroni correction
for multiple comparisons. Statistical significance of
all tests was set at p < 0.05.

RESEARCH RESULTS

Control group values of estradiol and
progesterone concentration in blood were higher
during ovulation and luteal phases than in the
follicular phase (p < 0.05; Figures 2 A, B).

Female basketball players’ values of estradiol
and progesterone concentration in blood were
higher during ovulation and luteal phases than in
the follicular phase (p < 0.05; Figures 3 A, B).

Females in control group performed knee joint
position sense task better with an extended knee
at the velocity of 2°/s with open eyes during the
follicular phase (p < 0.05; Figure 4 A), but at the
velocity of 10%s the values were better during
ovulation (p <0.05; Figure 4 A). Basketball players
performed the same task better at the velocity of
5%s during ovulation (p < 0.05; Figure 4 A), but at
the velocity of 10%s the values were better during
the luteal phase (p < 0.05; Figure 4 A). The females
in control group performed knee joint position
sense task with an extended knee at the velocity of
5°s with closed eyes better during the luteal phase
(p < 0.05; Figure 4 B).

Females in control group and basketball players
performed the knee joint position sense task better
with a flexed knee at velocity of 10°s with open
eyes during ovulation (p < 0.05; Figure 5A). No
statistical difference between control group and
basketball player indices of knee joint position
sense task with a flexed knee at velocity of 2%s, 5%s
and 10°s with closed eyes during the menstrual
cycle (p > 0.05; Figure 5 B) was found.

Figure 1. Estimation of knee joint
position sense A

Note. A — knee joint extension till
60° angle; B — knee joint flexion till
50° angle.
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Figure 2. Control group women’s estradiol
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Figure 4. Knee joint
position sense for control
group and basketball
players with extended
knee with open (A) and
closed (B) eyes during
the menstrual cycle.

Note: * — compared
to the ovulation phase
(p <0.05); #— compared to
the luteal phase (p < 0.05);
A — compared to the
follicular phase (p < 0.05).

Figure 5. Knee joint
position sense for control
group and basketball
players with extended
knee with open (A) and
closed (B) eyes during the
menstrual cycle

Note. * — compared
to the ovulation phase
(p < 0.05); # — compared
to the luteal phase
(p < 0.05); » — compared
to the follicular phase
(p <0.05).
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DISCUSSION

The aim of the study was to investigate
the effect of increased female sex hormone
concentration on movement proprioception. The
present results showed that subjects were in proper
menstrual cycle phase. The estradiol concentration
was higher in ovulation than in follicular and
luteal phases, and progesterone concentration
was higher in luteal phase than in follicular phase
and ovulation, when ovulation day was counted
as day 14, follicular phase — day 2 for female
participants. By the classical terminology of
menstrual cycle phase with corresponding days of
28-day, ovulation occurring on day 14, follicular
phase — on the 1-13" days (Janse de Jonge,
2003). The indication of corresponding hormone
concentrations on ovulation day — estradiol is
high, on the day of follicular phase estradiol is low
(Janse de Jonge, 2003). Knee joint proprioception
indices were better during follicular and ovulation
phases. When investigating female kinaesthesia
indices during the menstrual cycle, no statistically
significant difference between the indices of control
and basketball players’ groups was determined. Yet
both control group women and basketball players
indicated knee joint position angles when flexing
and extending their leg more precisely during the
luteal phase. Kinaesthesia comprises a complex of
functions related to nervous and muscular systems;
therefore scientists wonder whether sex hormones
affect the functions through peripheral or central

mechanisms. Increased level of estradiol and
progesterone concentration in blood during the
luteal phase affects neurotransmittersin cerebellum,
which is responsible for motor functions (McEwen,
2002). The impact of changes in sex hormone
concentration in blood on female bone system
components, soft and connective tissues was also
revealed (Wojtys et al., 2002). When estimating
kinaesthetic indices, no statistically significant
differences were found between movement rates.
The indices varied, yet better results were recorded
when performing a task at the velocities of 2%s and
10%s. It is possible to make assumption that when
position sense velocity is low (2°%s) and the task is
performed accurately, adaptation of CNS increases
from I o muscle spindles and receptors in joints to
peripheral signals; and when position sense velocity
is high (10°/s) and the task is performed accurately,
CNS adaptation to peripheral signals increases
from type I or dynamic muscle spindles during the
movement (Brindle et al., 2009). Movement sense
at the velocity of 5%s encompasses information of
I a and II type muscle spindles; thus the plane for
mistakes increases.

CONCLUSIONS AND
PERSPECTIVES

Knee joint proprioception indices were better
in control and basketball players groups during
ovulation phase.
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PADIDEJUSIOS MOTERISKUJU LYTINIU HORMONU
KONCENTRACIJOS POVEIKIS JUDESIO PROPRIORECEPCIJAI

Laura Daniuseviciuté!, Vitas Linonis!, Lina Barsiené?
Kauno technologijos universitetas', Kaunas, Lietuva
Lietuvos sveikatos moksly univesitetas, Medicinos akademija’, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Paskutiniy mety Zzmoniy tyrimy rezultatai rodo hormony poveiki sausgysliu
ir rais¢iy dariniams. D¢l estrogeny receptoriy lokalizacijos galvos smegenyse ir ju saveikos su neurotransmiteriais
(Maki et al., 2002; Friden et al., 2003; Farage et al., 2008) sp¢jama, kad moteriskyjy lytiniy hormono koncentracijos
padidéjimas pagerins judesio jutimo rodiklius.

Tikslas — i§tirti padidéjusios moteriSkyjy lytiniy hormony koncentracijos poveiki judesio propriorecepcijai.

Metodai. Tiriamosios — sveikos nesportuojancios, turin€ios natiiraly ménesiniy cikla, fiziskai aktyvios merginos
(n =15), kuriy amzius — 19-23 m., kiino mas¢ — 58,2 + 6,1 kg, tigis — 168,4 £ 5,6 cm. Taip pat moterys krepsSininkeés
(n = 15), turinCios nattraly ménesiniy cikla, kuriy amzius — 19-23 m., kiino mas¢ — 78,31 + 2,81 kg, ugis —
18,40 + 4,71 cm. Kiekvieno eksperimento pradzioje buvo paimamas 5 ml veninio kraujo méginys menstruacinio
ciklo fazéms (folikulinei, ovuliacinei ir liuteininei) nustatyti. Tyrimo metu estradiolio ir progesterono koncentracija
kraujyje nustatyta antra diena nuo menstruacinio ciklo pradzios (folikulinéje fazéje), 14-a diena nuo menstruacinio
ciklo pradzios (ovuliacijos metu) ir 23-ig dieng nuo menstruacinio ciklo pradzios (liuteininéje fazéje). Kelio sanario
padéties jutimas buvo vertinamas naudojant izokinetini dinamometra (System 3; Biodex Medical Systems, Shirley,
New York, USA). Mokantis tiesti kelio sanarj, tiriamyju deSiné koja buvo sulenkiama per kelj ir fiksuojama 90°
kampu. Tyréjas prie§ kiekviena bandyma parodydavo, kaip tiesti koja 60° kampu. Mokantis kelio sanari lenkti,
tiriamyju deSiné koja buvo iStiesiama per kelj ir fiksuojama 0° kampu. Tyréjas pries kiekvieng bandyma parodydavo,
kaip lenkti koja 50° kampu. Tiriamosios atliko tris bandymus: lenké kojas 2°/s, 5°/s ir 10°/s grei¢iu atmerktomis ir
uzmerktomis akimis.

Rezultatai. Kontrolinés grupéje moterys uzduoti geriau atliko atmerktomis akimis kelio sanarj tiesdamos 2°/s
greiciu folikulinés fazés metu, taciau ta pacia uzduoti atlikdamos 10°/s grei¢iu geresniy rezultaty pasieké ovuliacijos
fazéje. KrepSininkeés ta pacia uzduoti geriau atliko 5°/s grei¢iu ovuliacijos fazéje, o kai greitis sieké 10°/s, uzduoti
geriau atliko liuteininéje fazéje. Nebuvo nustatytas statistiSkai patikimas skirtumas lyginant kontrolinés grupés ir
krepsininkiy kelio sanario lenkimo uzduoties rodiklius uzmerktomis akimis, kai kelio sanario lenkimo greitis 2°/s,
5°/s ir 10°/s menstruacinio ciklo metu.

Aptarimas ir isvados. Kontrolinés grupés krepSininkiy kelio sanario propriorecepcijos rodikliai buvo geresni
ovuliacijos fazéje.

RaktaZodZiai: kelio sanario propriorecepcija, folikuliné fazé, ovuliacija, liuteininé fazé.
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ABSTRACT

Research background and hypothesis. Overhead athletes are at higher risk to suffer from acute and chronic

shoulder injuries.

Research aim was to evaluate shoulder complex functional characteristics of the overhead and non-overhead
young athletes before and two years after the concomitant arthroscopic type II superior labrum anterior posterior
(SLAP) and partial — thickness rotator cuff (PTRC) repair and to present specific rehabilitation guidelines needed for

successful return to sports.

Research methods. The sample of the research included 38 male athletes: overhead (n = 19) and non-overhead
(n = 19) athletes. All participants underwent concomitant arthroscopic type II SLAP and PTRC repair and were
available for review at a minimum of two years after surgery. Shoulder range of motion was measured with
goniometer. Constant score was used for the evaluation of the shoulder functional quality.

Research results. Function of the shoulder complex had higher increase in non-overhead group (p < 0.05).
Constant score two years after surgery did not return to optimal level. Shoulder flexion and internal rotation ROM in
both groups and external rotation ROM of non-overhead athletes were the same as before surgery.

Discussion and conclusions. Functional characteristics of shoulder complex measured with Constant score of

overhead and non-overhead athletes statistically significantly increased two years after the arthroscopic surgery.
Significant change of external rotation was established in overhead athletes: two years after surgery it was significantly
smaller and did not return even to preoperative level. Sports specific and diagnose-based rehabilitation is needed to
decrease deficit in function of the shoulder complex after concomitant arthroscopic type II SLAP and PTRC repair.

Keywords: shoulder complex, SLAP, partial-thickness rotator cuff tears, sports physical therapy.

INTRODUCTION

houlder injuries are serious health problems

in athletes affecting performance, training

schedule and competition results. Athletes
who use overhead movements are at higher risk
to suffer from acute and chronic shoulder injuries.
Acute injuries of the shoulder involve traumatic
episodes especially in contact sports. Symptoms
of chronic shoulder injuries are: present pain,
decreased range of motion, weak muscles of the
shoulder complex, joint laxity (instability), scapula

position and posture change. Players in basketball,
tennis, volleyball, baseball, handball and etc. use
overhead throwing motions. It is highly skilled
movement, which requires flexibility, coordination,
neuromuscular control, muscular strength and
synchronicity. The throwing motion generates
extraordinary demands on the shoulder joint.
G. S. Fleisig et al. (1995, 1996) report that angular
velocity of the overhead throw during baseball
pitching reaches over 7250 degrees per second,
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which is the fastest recorded human movement.
This motion results in high forces being generated
at the shoulder joint, where the dynamic and static
stabilizing structures of the shoulder are vulnerable.
The authors suggested that anterior forces up to one
time affect body weight during external rotation
(ER) and up to 1.5 times — during the follow-
through phase (distracting the joint) (Fleisig et
al.,1995, 1996). These forces are similar to the ones
in other overhead-throwing athletes. The overhead-
throwing athletes demonstrate several different
physical  characteristics-specifically,  shoulder
ROM, scapular position, laxity, muscular strength
and proprioception. These characteristics must be
understood to accurately assess what is a normal
physical adaptation rather than pathology (Reinold,
Gill, 2009).

Range of motion. K. E. Wilk et al. reported
such passive range of motion characteristics of
the shoulder in 372 professional baseball players:
129° + 10° of ER and 61° + 9° of IR (internal
rotation) in the throwing shoulder at 90° abduction.
ER was by 7° greater on average, and IR was
by 7° less on average in the dominant arm when
compared to the non-dominant arm. Thus, total
rotation ROM at 90° of abduction is bilaterally
equal in asymptomatic overhead throwers (Wilk et
al., 2002). Most throwers exhibit an obvious motion
disparity, whereby shoulder external rotation (ER)
is excessive and internal rotation (IR) is limited
when measured at 90° of abduction. This loss of
IR of the throwing shoulder has been referred to
as glenohumeral internal rotation deficit (GIRD)
(Wilk et al., 2009). M. M. Reinold et al. found that
goniometric measurements of passive ER and IR at
90° of abduction were reliable in overhead-throwing
athletes (intratester reliability intraclass correlation
coefficients were 0.81 and 0.87). However, bilateral
comparisons of ER and IR are not useful (Reinold
et al., 2008). If the total rotation motion decreases
on the throwing side, careful measurements of
ROM should be made to determine if IR has been
lost. A loss of IR with a hard endfeel may represent
other pathologies, such as a thrower’s exostosis (ie,
calcification of the posteroinferior glenohumeral
capsular attachment due to chronic traction stress)
(Ferrari et al., 1992; Wilk et al. 2009).

Scapular position provides a base for entire
shoulder complex function especially for motion
in glenohumeral joint. The term “shoulder
movement” describes the combined motions at
both the glenohumeral and scapulothoracic joints
(Neumann, 2010). To be able to function properly,

the scapula needs to be in the proper position to
assist in the movement of the humerus. W. B. Kibler
defined alterations in motion of the scapula during
coupled scapulohumeral movements as ‘“‘scapular
dyskinesis”. Numerous authors have noted the role
of scapular dyskinesis and the positive correlation
to shoulder pathology (Kibler, 1991).

Joint laxity. The excessive motion observed in
overhead-throwing athletes is commonly attributed
to an increase in glenohumeral laxity (Reinold etal.,
2009). This increased motion can show excessive
ER associated to anterior capsular laxity. Excessive
laxity may be the result of repetitive throwing or
congenital laxity.

Muscle  strength. Isokinetic testing of
professional baseball pitchers’ throwing shoulders
during training showed external rotation peak
torque by 6% lower on average (p < 0.05) than that
of the nonthrowing shoulders at 90° of abduction.
Internal rotation peak torque of the throwing
shoulder was by 3% higher on average (p < 0.05)
than that of the nonthrowing shoulder. The mean
optimal ratio between ER and ER peak torque at
90° of abduction during isokinetic testing was
between 66% and 75%. Adduction torque of the
throwing shoulder was by 14% greater than that of
the nonthrowing shoulder (Wilk et al., 2005).

Proprioception ~ plays  important  role
dynamically stabilizing glenohumeral joint in
presence of capsular laxity and dealing with
excessive range of motion in the overhead athlete.
One study tested shoulder proprioception in
20 healthy overhead-throwing athletes by joint
repositioning. The dominant shoulder exhibited
diminished  proprioception and  improved
proprioception toward end range of motion (Safran
et al., 2001) Proprioception significantly decreased
after throwing to fatigue, although deficits returned
to normal within 10 minutes after throwing (Tripp
et al., 2007).

Proper history taking, physical examination,
imaging, type of sport are important for
final decision which type of treatment to use:
conservative or surgical. The decision of return to
sport is always challenging. Each case is individual
and lack of objective criteria brings confusion into
the final decision of returning to sports. Successful
return to unrestricted function requires integrating
the appropriate diagnosis, surgical management and
rehabilitation in a coordinated effort. It is critical
to carefully follow a postoperative rehabilitation
program that has been based on an accurate
diagnosis that specifies the extent of superior labral
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pathology to ensure a successful outcome (Wilk et
al., 2005).

SLAP lesions in overhead athletes often occur
in combination with PTRC tears (Conway, 2001).
It can be difficult to detect them because of the
presence of concomitant pathology. Even 45%
of patients with SLAP lesions had concomitant
partial-thickness tears of the m. supraspinatus.
R. A. Mileski and S. J. Snyder reported that 29% of
their patients with SLAP lesions exhibited partial-
thickness tears, 11% had complete cuff tears and
22% had Bankart lesions (Mileski, Snyder, 1998).
During throwing motion when arm is in external
rotation, tendon of long head of m. biceps brachii
and tendon of m. supraspinatus impinges in
acceleration — deceleration phase (Panossian et al.,
2005). Repetitive motions in overhead activities
are resulting in the appearance of the symptoms.
J. R. Andrews et al. (1985) first hypothesized that
SLAP pathology in overhead throwing athletes
was the result of high eccentric activity of the m.
biceps brachii during the arm deceleration and
followed through phases of the overhead throw.
Later on more data was presented by S. J. Snyder
(1990, 1995).

S. S. Burkhart and C. D. Morgan (1998)
presented a “peel-back” mechanism that produced
SLAP lesion in the overhead athlete. They
suggested that when the shoulder was placed
in a position of abduction and maximal ER, the
rotation produced a twist at the base of the biceps,
transmitting torsional force to the anchor. C. Miller
and F. H. Savoie (1994) found that about 74 % of the
patients with rotator cuff tear had lesion of tendon
of the long head of m. biceps brachii. S. J. Snyder et
al. (1993) reported that 40% of 140 arthroscopically
investigated patients with SLAP lesion had partial
tear of rotator cuff tendon.

Predictable surgical outcomes can be expected
after type II SLAP repair, but the effect of
concomitant SLAP type II and PTRC tears on
surgical outcome in overhead athletes and non-
overhead athletes is still insufficient.

We hypothesize that concomitant SLAP type 11
and PTRC tears surgery will have good outcome for
the overhead athletes but short term rehabilitation
in acute phase after the surgery is insufficient for
successful healing and fast return to sports.

The aim of the study was to evaluate shoulder
complex functional characteristics of the overhead
and non-overhead young athletes before and two
years after the concomitant arthroscopic type II
superior labrum anterior posterior (SLAP) and

partial — thickness rotator cuff (PTRC) repair and

to present specific rehabilitation guidelines needed

for successful return to sports.
Research tasks:

1. To measure and compare shoulder joint
ROM in of the overhead and non-overhead
young athletes two years after concomitant
arthroscopic surgery.

2. To evaluate functional -characteristics of
shoulder complex using Constant score of the
overhead and non-overhead young athletes two
years after concomitant arthroscopic surgery.

3. To prepare scientific literature based
rehabilitation guidelines for the overhead
athletes.

RESEARCH METHODS

The research was carried out following the
principles of the Declaration of Helsinki about
the ethics of experimentation with humans. The
sample of the research included 38 male athletes,
mean age = 22.91 £+ 2.5 years, age range 18-28
years. According to their participation in different
sport activities, they were divided into two groups.

The first group was composed of 19 overhead
athletes. The mean age during surgery 23.6 +
2.6 years (range 19-28 years). They underwent
arthroscopic type II SLAP repair and were
available for review at a minimum of two year
after surgery. The second group was composed of
19 non-overhead athletes (mean age = 22.2 + 2.4
years; range 18-26), who had the same shoulder
pathology and arthroscopic repair procedure
and were available for review at a minimum of
two year after surgery. There was no significant
difference among groups according to athletes’ age
(p = 0.08). Different sport activities of participants
are presented in Table 1.

All surgeries were performed in Sports
trauma and arthroscopic surgery sector of LUHS
(Lithuanian University of Health Sciences) Hospital
Kauno Klinikos, Orthopedics and Traumatology
Clinic in 2008-2011. The same experienced
surgeon performed all the arthroscopic surgeries.

Only those patients who were diagnosed with
combined SLAP and PTRC injuries during shoulder
arthroscopy and underwent full endoscopic
reconstruction of both injuries, were included in
this research. Those patients, who preoperatively
had shoulder arthrosis (diagnosed radiographically),
cervical osteochondrosis, osteoporosis or underwent
opened shoulder reconstruction operations were not
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included in this study. All participants had shoulder
lesions in their dominant hand.

Table 1. Distribution of participants according to different sports
activities

Number of athletes

Sport activities Overhead athletes Non-overhead

group athletes group

Basketball 1 0

Volleyball

Tennis

Handball

Swimming

Water polo

Javelin throwing

Gymnastics

Wrestling

Rowing

Football

Running

Cycling

Athletics

Shooting

OO ||| ININ| == W|—|Ww
AW~ WhAhOoO|O|C|C|IC|IO|O O

Motocross

—
O
O

Total

All participants were assessed preoperatively
and postoperatively. Postoperative measures were
taken after 22.4 + 2.7 months. All measures were
performed by the same experienced scientist.

All  the patients underwent standard
rehabilitation process in acute healing phase
including physical therapy and physical modalities.
Gentle and protective physical exercises were used
in acute phase after the surgery. No sport-specific
rehabilitation and long term physical therapy was
applied in later stages.

Shoulder functional ROM assessment was
performed with plastic goniometer. Shoulder
flexion ROM and shoulder IR and ER ROM at
90° of abduction were evaluated using standard
procedures.

Constant score was used for evaluation of the
shoulder functional quality. The Constant score is
a widely used shoulder-specific scoring system. It
uses subjective and objective measures to determine
whether a certain functional movement is possible.
As an outcome tool, the Constant score includes
the analysis of pain, shoulder motion, strength and
function. From a perfect score of 100, it reserves 35
points for patient-reported subjective assessment,
including the presence of pain and the ability to
perform basic activities of daily living, and 65 points
for objective measurement. For the latter, 40 points
are allocated to range of motion and 25 points are
allocated to strength (Constant, 2008).

The data analysis was performed using SPSS
17.0 package for Windows. Hypothesis concerning
the difference between groups was verified using
nonparametric tests. Differences were regarded as
statistically significant when error probability with
respect to criteria was p < 0.05.

RESEARCH RESULTS

Constant score. Before surgery there was
no significant difference according Constant
score values between the groups. After 2 years
Constant score in both groups of athletes increased
statistically significantly (Table 2). Significant
difference was established comparing both
groups after two years. The mean improvement of
Constant score value in overhead athletes group
was 21 points, in non-overhead group — 31 points.
Although the deficit of Constant score decreased
in both groups, the mean value of Constant score
after two years did not returned to optimal value
(Figure 1).

Table 2. Constant score values before surgery and after two years
follow-up

Subjects
Overhead athletes

Before surgery
76.2+12 <«» 874434 *
756434 <> 4118V

After 2 years

Non-overhead athlete

Note. «—» —p <0.05.

Shoulder functional ROM. Analyzing shoulder
flexion, ER and IR before surgery, no significant
differences were found in all shoulder movements
comparing overhead and non-overhead athletes in
both groups, the mean value of Constant score after
two years did not return to optimal

When calculated total rotation ROM (external
rotation ROM plus internal rotation ROM) was
analyzed, significant difference among groups was
established (141 + 2.3 degrees in overhead athletes
vs. 133 + 2.9 degrees in non-overhead athletes).
After two years, shoulder frontal plane flexion and
internal rotation ROM in both groups and external
rotation ROM of non-overhead athletes were
the same as before surgery. Significant change
of external rotation was established in overhead
athletes. The external rotation ROM at follow up
was significantly smaller and hadn’t return even to
preoperative value (Figure 2). Total rotation ROM
after 2 years follow up significantly differed among
groups (121 + 2.9 degrees in overhead athletes vs
129 + 2.8 degrees in non-overhead athletes).

Rehabilitation after shoulder injuries for
overhead athletes. The main principles should be
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Figure 1. Constant score value deficit before
surgery and 2 years after surgery

Overhead athletes group

MNon-overhead athletes group
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Figure 2. Shoulder range of motion in
overhead and non-overhead athletes groups
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Note. * —p <0.05.

incorporated into prevention and rehabilitation
protocol: to maintain or restore — ROM, strength
of the glenohumeral and scapulothoracic muscles,
dynamic stabilization and neuromuscular control,
core stability and lower body condition, off-
season preparation and in-season maintenance.
Rehabilitation guidelines for overhead athletes
differ in stages. In acute phase the main goals
are to diminish pain and inflammation, to protect
the anatomic repair, to prevent negative effects of
immobilization, to improve posterior flexibility, to
re-establish posterior strength and dynamic stability
(muscular balance) and to control functional
stresses. The athlete should abstain from throwing
motion until pain-free full ROM and full strength
(specific time should be determined by doctor) will
be restored. Physical modalities can be applied —
iontophoresis, phonophoresis, electrical stimulation
and cryotherapy if needed. Flexibility exercises are
used to improve IR at 90° abduction to normal total
motion values and to enhance horizontal adduction

flexibility. Gradual stretching into ER and flexion
should be done (not to force into painful external
rotation). Physical therapy covers exercises for
rotator cuff strengthening (especially external
rotation) with light-moderate weight (external/
internal rotation with elastic resistance); scapular
strengthening exercises (retractors, depressors
and protractors); manual strengthening exercises;
dynamic  rhythmic stabilization  exercises;
proprioception training; electrical stimulation of
posterior rotator cuff if needed during exercises;
closed kinetic chain exercises; maintenance of core,
lower body, elbow, wrist and forearm strength.
A. Jaggi and S. Lambert (2010) suggest to use
kinesiotaping for postural control. Early feedback
of posture and shoulder girdle position is important
for all overhead athletes to avoid inappropriate
patterning and strengthening. Kinesiotapes can be
invaluable in providing correct sensory feedback
facilitating correct muscle activation. Early
submaximal isometric exercises for the rotator
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cuff should be performed as pain allows and to
the exclusion of inappropriate muscle activity
for patients. The belly press test, used to test the
integrity of subscapularis can be modified for this
purpose using pressure biofeedback device (Jaggi,
Lambert, 2010). Criteria to progress are: minimal
pain or inflammation; normalized shoulder IR and
horizontal adduction ROM; baseline muscular
strength without fatigue. The goals of intermediate
phase are restore full ROM to gradually, preserve
the integrity of surgical repair, progress with
strengthening exercises, restore muscular balance
(ER/IR), enhance dynamic stability, maintain
flexibility and mobility, improve core stabilization
and lower body strength. Flexibility exercises
are done with the control especially for IR and
horizontal adduction gradually restoring full ER.
Physical therapy involves progress strengthening
exercises. For the rotator cuff and scapula shoulder
isotonic exercises can be used (later with weights).
It is possible to start dynamic rhythmic stabilization
exercises (side lying exercises for ER, elastic
resistance for ER till end range, wall stabilization
onto ball, push ups onto ball with stabilization).
If exercises are tolerated well, 2-hand plyometric
throws can be started (chest pass, side to side,
overhead soccer throws). Criteria to progress are:
full, pain-free ROM, full 5/5 strength with no
fatigue. Goals in advanced strengthening phase
are: aggressive strengthening exercises, progress in
neuromuscular control, improvement of strength,
power and endurance, start of light throwing
activities, maintain shoulder mobility. Physical
therapy exercises: stretching before exercise
program (continue to normalize total motion,
continue strengthening program above, re-initiate
upper-body exercises), dynamic stabilization
motions (ER with elastic resistance with end-range
at 90° abduction, wall stabilization exercises in 90°
of abduction and 90° of ER, wall dribble in 90° of
abduction and 90° of ER, plyometrics (two-hand
drills, one-hand drills, stretch after the exercises)).
Criteria to progress are: full nonpain ROM, 75—
80% strength of contralateral side, no pain and
tenderness, adequate static and dynamic stability,
appropriate rehabilitation progression to this
point. Goals of return-to-activity phase: progress
to throwing motion, continued strengthening and
flexibility exercises, return to competitive throwing.
Physical therapy exercises: stretching and flexibility
exercises, shoulder stability program, plyometrics,
dynamic stabilization, interval throwing training,
gradual progress to competitive throwing as
tolerated (Wilk et al., 2005; Reinold et al., 2010).

DISCUSSION

Shoulder pain, impingement symptoms,
variable labral signs, and often a history of shoulder
trauma are the most common symptoms for
patients with SLAP and PTRC lesion. In throwing
athletes, it is common to encounter delaminated
(split into layers), intratendinous, partial-thickness
rotator cuff tears in conjunction with SLAP
lesions (Dodson, Altchek, 2009). When lesions of
the labrum and rotator cuff occur concomitantly,
arthroscopic repair of both lesions will restore
ROM and stability and provide good clinical results
in the short term (Voos et al., 2007).

ROM. Numerous researchers have reported
abnormalities of ROM in overhead athletes that
may influence shoulder complex injuries. So proper
assessment of shoulder ROM is very important in
profound evaluation of athletes. For this purpose
understanding baseline values of ROM is needed.
Although the fact that the arc of motion of overhead
athlete’s shoulder is shifted posteriorly, which
increases ER and decreased IR of the abducted
shoulder, is well known, very often assessment
is rather confusing as many diverse normative
values are presented by different investigators.
For example, the amplitude of ER at 90 degrees
of abduction varies from 103.2 to 136.1 degrees
and the amplitude of IR at 90 degrees abduction
varies from 42.2 to 79.3 degrees in dominant
shoulder of healthy overhead athletes (Wilk et al.,
2012). Outcome data after arthroscopic repairs
are also rather confusing and the type of surgical
intervention has very significant influence on the
outcome values. Outcome results in shoulder ROM
after SLAP repair in both athlete and non-athlete
groups in most cases are much better than outcome
results after concomitant SLAP and PTRC surgery.
Our results showed that IR ROM in both athlete
groups was similar to healthy overhead athletes’
data, but ER data differed significantly from
normal values even before surgery. It can be
explained by concomitant injury repair surgery
type. However, there is a lack of outcome data after
concomitant SLAP and PTRC surgery, especially
comparing overhead and non-overhead athletes.
J. E. Voos et al. (2007) reported very similar data
of ER restoration after such surgery in the non-
athlete (average age 49 years) group. But still there
are conflicting reports in literature regarding the
outcome of SLAP repairs in overhead athletes and
a paucity of data demonstrating the ability to return
to the prior level of competition (Neri et al., 2011).
Recently there were some critical opinions about
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SLAP repair outcomes in research studies which
concentrated on using questionnaires that primarily
evaluated patients’ activities of daily living and
which did not focus on sport-specific performance
(Neuman et al., 2011). Although in this research we
did not analyse how our participants who succefully
returned to their sport , though according to their
shoulder complex ROM data after two yearstheir
returning to sport was not very effective/easy.

Constant score. We could not find research
data about Constant score changes in overhead
athletes after concomitant SLAP and PTRC repair.
However, B. Forsythe et al. (2010) reported that
in non-athletes, Constant score after such surgery
was 95.8 points. For healthy 21-30 years aged male
subjects, normal values of Constant score were 97—
99 points (Constant, 2008). So our research data
of non-overhead athletes are very similar to these
values, but there is a significant deficit of Constant
score in overhead athletes. It can be due to the still
existing deficit of ER after surgery.

Rehabilitation after SLAP and PITRC
arthroscopic repair of overhead athletes. Overhead
athletes with an acquired tight posterior inferior
capsule and tight scapulothoracic articulation are
the most likely to develop the “dead arm syndrome™.
This posteroinferior capsular contracture is
acquired in the throwing athlete and presents as IR
deficit with the arm in the 90° abducted position.
The healthy throwing shoulder will have increased
ER in abduction at the expense of IR. If the gain of
external rotation equals the loss of IR, allowing a
180° ROM, problems will be avoided. The shoulder
with a posterior inferior capsular contracture that
restricts the total ROM to less than 180° is truly
a “shoulder at risk”. Most overhead athletes who
develop an acute posterior superior SLAP may
complain of associated activity-related bicipital
groove pain (Burkhart, Morgan, 2001). After
SLAP repair, biceps muscle strengthening is not
allowed until four weeks after surgery. A throwing
program may begin after three months, if the
following criteria have been met: shoulder motion
has been recovered; trunk, scapula, and rotator
cuff muscle endurance balance and strength have
been restored; and there is no pain with activity or
during examination (Conway, 2001)

Return to sports. Return to play following
the surgical repair of a type II SLAP lesion
typically occurs at approximately 9 to 12 months
following surgery. Rehabilitation places emphasis
on gradually restoring ROM, strength, and
dynamic stability of the glenohumeral joint while
controlling forces on the healing structures (Wilk

et al., 2005). Only 8% of professional baseball
pitchers (1 of 12) with repaired full-thickness tears
have returned to the same level of competition at
a mean 66-month follow-up (Mazoué¢, Andrews,
2006). Repair of partial-thickness rotator cuff
tears in professional and college throwers allowed
89% to return to the same level of play, with
follow-up of only 12 months (Conway 2001). Kim
Seung-Ha et al. (2002) evaluated 34 patients at a
mean of 33 months after surgical repair of type
IT SLAP lesions. While the overall results were
good (94% satisfactory UCLA shoulder score, 91%
return to preinjury shoulder function), significant
differences were observed between patients
who participated in different types of athletics.
Specifically, throwing athletes had lower shoulder
scores and a lower percentage of return to their
preinjury level of shoulder function than patients
who were not involved in overhead sports (Kim
Seung-Ha et al., 2002). Overhead athletes without
a specific traumatic injury had lower scores and a
lower return to preinjury function rate than athletes
with a history of a specific traumatic event. These
publications suggest that surgical repair of type II
SLAP tears in overhead athletes with an overuse-
related cause may be less successful than in other
patients (Dodson, Altchek, 2009).

CONCLUSIONS AND
PERSPECTIVES

Functional characteristics of shoulder complex
measured with Constant score in overhead and
non-overhead athletes statistically significantly
increased two years after the arthroscopic
surgery. The function of the shoulder complex
more increased in non-overhead group (p < 0.05).
However, that Constant score did not return to
optimal level after two years (healthy, physically
active person should have Constant score close
to 100). Two years after the arthroscopic surgery,
shoulder flexion and internal rotation ROM in both
groups and external rotation ROM of non-overhead
athletes were the same as before surgery. Significant
decrease of external rotation was established in
overhead athletes. The external rotation ROM after
two years after the surgery was significantly smaller
and did not return even to preoperative level.
Sports-specific and diagnose-based rehabilitation
is needed to decrease deficit in function of the
shoulder complex after concomitant arthroscopic
type I1 SLAP and PTRC repair. Decision to return
to sport should be based on clinical examination
findings and functional evaluation of the athlete.
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SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Vir$ galvos ranky judesius naudojantys sportininkai turi didesng rizika patirti
fimias peties sanario traumas ar létinius pazeidimus.

Tikslas — ivertinti vir§ galvos rankos judesius naudojanciy ir nenaudojanciy sportininky peties komplekso
funkcines ypatybes pries bei praéjus dvejiems metams po kompleksiniy virSutinés—priekinés—uzpakalinés sanario
lapos (SLAP) ir daliniy virSdyglinio raumens sausgyslés (DVSR) pazeidimy pilnai endoskopiniy rekonstrukcijy,
pateikti reabilitacijos gaires.

Metodai. Buvo tiriami 38 jauno amziaus sportininkai vyrai: 19 vir$ galvos ranky judesius naudojanéiy ir 19 vir§ gal-
vos rankos judesiy nenaudojanciu. Visiems tiriamiesiems buvo atliktos kombinuotos peties sanario virSutinés—priekinés—
uzpakalinés sanario lipos (SLAP) ir daliniy virSdyglinio raumens sausgyslés (DVSR) pazeidimy rekonstrukcinés pilnai
operacijos naudojant Constant skalg ir operuoto peties sanario Zasto judesiy amplitudés matavimus.

Rezultatai. Abiejy grupiy sportininky Constant skalés rodikliy vidurkiai nepasieké sveikuy, fiziskai aktyviems
asmenims buidingo peties sanario funkcinio lygio. Pragjus dvejiems metams po artroskopinés peties sanario
operacijos, abieju grupiy sportininky Zasto lenkimo ir vidinés rotacijos judesiy amplitudés grizo i prieSoperacinj lygi,
o tik vir§ galvos judesius nenaudojanciy sportininky iSorinés Zasto rotacijos amplitudé grizo i prieSoperacini lygi.

Aptarimas ir iSvados. Abieju grupiy sportininkams funkciniai peties sanario rodikliai, jvertinti Constant skale,
statistiSkai reikSmingai padidé¢jo pra¢jus dvejiems metams po operacijos. Vir§ galvos ranky judesius naudojanciy
sportininky iSorinés zasto rotacijos amplitudé praéjus dvejiems metams po operacijos negriZo i prieSoperacini lygi.
Vir$ galvos ranky judesius naudojantiems sportininkams po kombinuotos peties sanario SLAP ir DVSR pazeidimy
rekonstrukcinés pilnai endoskopinés operacijos vélesniu reabilitacijos laikotarpiu biitina specifiné sporto $akos
kineziterapija.

RaktaZodziai: peties kompleksas, virSutinés—priekinés—uzpakalinés sanario liipos pazeidimas, dalinis
virSdyglinio raumens sausgyslés pazeidimas, sporto kineziterapija.
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ABSTRACT

Research background. Though a variety of social skill explanations exist, in essence they give us plenty
examples of controversial interpretation of social skill conception and classification. So, there is a problem of
different semantic meanings in the concept of social skills and different classifications of them.

Research aims were to reveal the multidimensionality of the construct of social skills and to create a theoretical
model of their structure.

Research method was theoretical analysis.

Discussion and conclusions. After studying various explanations of social skills, we observed that not only a
great variety of their interpretations was revealed, but also there is a problem of different semantic meaning: some
authors named the same behavioral categories as social competences, others — as social skills, yet others — as social
abilities, etc. In addition, the authors present a variety of different classifications of social skill groups and the
different structures of social skills. In this theoretical research we tried to analyze and systemize the explanations of
social skills with reference to the data of scientific research from various countries.

As a result of analysis and systemization of scientific data we offer a model of social skill structure and give
interpretation of social skill concept as a multidimensional construct created from integrative, overlapping and
supplementing each other structural components of: 1) interaction skills; 2) communication skills; 3) participation
skills; 4) emotional skills; and 5) social cognition skills. Each component of social skills is made up of certain

behavioral abilities.

Keywords: interaction skills; communication skills; participation skills; emotional skills; social cognition

skills.

INTRODUCTION

elevance of the problem. In scientific

literature there is a variety of social skill

onceptions. Social skills are explained
as an assumption of a wholesome social life (Osit,
2008), which are essential in pursuance of personal
sovereignty, ability to adapt to social situations,
to express themselves and understand others
(Colombero, 2004); to communicate avoiding
conflicts, to maintain good interpersonal skills
(Brodeski, Hembrought, 2007); social skills are
an important condition for a harmonious existence
in a social group, a possibility for an individual
to act effectively in a social environment, and an

assumption of a successful socialization. Research
results prove that a person, who has acquired
social skills and learnt to solve problems, can
undergo changes more easily, and adapt to the
circumstances; due to insufficient social skills an
individual becomes dependent on the surrounding
people (Gedviliené, Bauziené, 2008). Undoubtedly,
social skills determine the quality of person’s social
functionality and the quality of social situations’
management, as well as make a great influence on
the quality of personal and social life. Education
and possession of these skills enable individuals
to effectively communicate, meet the needs, relate
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with others and be able to interact with people in
various situations.

So, the effect of social environment on social
skill development is analyzed in plenty of research,
and an undoubtful importance of social skills for
successful socialization is emphasized. However,
studying various explanations of social skills,
we can observe that scientists revealed a variety
of interpretations. For example, some authors
name the same behavioral categories as social
competences, others — as social skills, yet others —
as social abilities, etc. Though variety of social
skill concepts shows a great interest of scientists
in this problem, in general those studies do not
explain the concept of social skills. In addition, the
investigators do not have the same view of their
structural components. Different authors explain
the structure of social skills, selecting different
values and varying criteria. That brings confusion
ininterpreting the concept of social skills in general.
So, the problem exists because of using social skill
concept in different semantic meanings as well as
their different classification and different views
of their structural components. It is necessary to
find a single concept of social skills and explain
their structure. Based on theoretical analysis of t
scientific sources, the authors of this article aim
at answering the following problem: How can we
define the concept of social skills? What structural
components constitute the concept of social skills?
What is the relationship between the concept
of social skills and social abilities? How do we
classify social skills?

Research  aim  was to reveal the
multidimensionality of social skill construct and to
create a theoretical model of social skills structure.

THE CONCEPT OF SOCIAL
SKILLS

A number of authors attribute similar
meanings or even use as synonymic concepts of
social abilities, social skills, social competence.
However, when analyzing the concept of skills,
authors usually show different stages in the
formation of any act — from the lowest level, which
is named as ability, to the highest or automated
level of the actions, which is called as skill (Jovaisa,
1993; Lepaité, 2003 et al.). So, skill is considered
the highest level of performance of the action.
The masterful application of skills in different
situations or the perfect way of performing actions
based on the knowledge, abilities and skills means

a competence (JacikeviCius, 1994). According to
D. Lepaité (2003), a connecting link between skills
and competence is the ability to apply the skills.
Each personal competence is closely linked to
the appropriate social skills and social abilities.
Social competence extends to a variety of social
functioning domains: not only as skills of personal
relationships, communication, cooperation, but
also as skills of self-management or skills of
solving problems. S. Vaughn, A. Hogan (1990) also
identified social competence relates to personal
characteristics; according to the authors, social
competence manifests as social cognition skills,
effective communication and positive relations
with others.

Theoretical analysis of scientific sources shows
that the term of ,,social ability” is used 1) as one of
the elements of any social activities (Lepaité, 2003);
2) as the lower level of skills in the stage of their
development (Jovaisa, 1993; Lepaité, 2003). Social
skills and their elements — social abilities — become
apparent in all human social activities, when they
carry out certain tasks and operate under certain
circumstances (Trotter, Ellison, 2001).

In addition, authors often described social
skills as the level or degree of personality, whereby
a person demonstrates personal social knowledge
and ability to manage social interaction (Hogan,
Shelton, 1998); social skills are linked to a person’s
ability to initiate interactions, as well as an
adequate response to other’s behavior (Gresham,
2002). S. Cavell (1990) argue that social skills (such
as overt behavior skills, social cognitive skills;
emotional regulation skills, etc.) enable behavior
which meets social expectations (standards of
behavior).

Many authors recognize that social skills
appear as an appropriate behavior (the ability to
choose behavior according to the situation and
meet the expectations of behavior, to express
positive and negative feelings without the loss of
social support, etc.). Social skills are demonstrated
in a large variety of interpersonal contact and
include the appropriate abilities of verbal and non-
verbal reactions and individual perceptions under
what circumstances and what behaviors will get
environmental approval.

It is clear that a significant part of a person’s
social competence is determined by the quality of
social skills. Consequently, the quality of social
skills is important in all areas of human activity
and thus social skills can be considered as one of
the main measures of social competence.
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The analysis of scientific literature shows
a particularly high diversity of conceptions of
social skills. But there are several most prevalent
explanations of social skills among the diversity of
conceptions. For example, some of the conceptions
interpret social skills as individual personality
traits (trait model); other authors describe the social
skills as part of behavioral components (molecular
model); yet other authors define social skills as
intrapersonal (self-understanding, self-esteem,
self-regulation) and interpersonal abilities.

Trait model treats social skills as essential
personal  characteristics, = which  manifest
themselves in a personal behavior style (McNary,
2003). Authors, representing trait model, argue that
social skills are stable and long-lasting personality
features, such as empathy — feeling in somebody’s
emotional state (Nezlek et al., 2001), sociability
(Lieberman, Rosenthal, 2001); or an individual
difference, which expresses itselfin communication
(Riggio, 1986). R. Malinauskas (2004) studied
such social skills that essentially mean personal
traits: “four essential social skills can be named as
emotional expressiveness, emotional sensitivity,
social expressiveness and social sensitivity” (p. 2).
According to the author, emotional expressiveness
includes both the need for communication and an
attitude towards communication; the emotional
sensitivity means an ability to recognize emotions
of others; the social expressiveness includes
both verbal expressiveness (abilities to initiate
conversations and speak with someone) and the
ability to receive and to understand verbal signals;
and the main component of social sensitivity is the
ability to follow social rules and norms.

Molecular model appeared as a response to
the trait model. Authors of this model define social
skills not as a durable set of personal traits, but
as a person’s ability to choose adequate behavior
according to different contexts of social situations
(McFall, 1982). Molecular model analyzes
behavior in a specific situation and treats social
skills as specific behavior that changes depending
on the environment and situational factors (Argyle,
Kendon, 1967). Molecular model accentuates
notable behavior manifestations in each social
situation (Danielson, Phelps, 2003); a complex
of behavior abilities (Libet, Lewinsohn, 1973);
communication, representing one’s own rights
and aspirations without violating those of others
(Phillips, 1978).

Majority of social skill conceptions have some
attributes of both theoretical models

(trait model or molecular model). According to
J. Burgoon and N. Dunbar (2000) and others, social
skills are best understood through an interaction
between an individual and environment; social
skills manifest themselves in certain activities,
situations, and social interactions. Subsequently
explanations of social skills include both the trait
and molecular models and show that social skills
are best understood when the personal traits and
the situations, in which personality traits emerge,
are being compared at the same time (Hochwarter

et al., 2000).

In addition, social skills are defined from an
intrapersonal  (self-awareness, self-evaluation,
self-control) and interpersonal perspectives

(Raudelitinaité, 2007). According to A. Stravynski
and D. Amdao (2001), social skills are described
from an intrapersonal perspective as behavior
that is typical of a personality in all situations and
that refers to the person’s self-perception. Self-
perception and cognition of personal emotions, in
D. Goleman’s (2001) opinion, are the components
of emotional intellect; it means an ability to
understand, identify and manage one’s own
emotions and facilitate understanding situations
in social life. Obviously, intrapersonal (or social
cognition) skills are related to intellectual actions
(self-analysis, reflection); and there is a close
relation between intellectual strengths, academic
achievements, and social skills (Welsh et al., 2001).

From the perspective of interpersonal model,
social skills are explained as a behavior that
corresponds to the way of some interaction; and
thus social skills are specific behavior which can be
learnt to apply in certain situations (Raudelitinaité,
2007).

Relation  between intrapersonal and
interpersonal skills can be described in the
following way: intrapersonal skills (understanding
oneself and own emotions, values, and abilities)
create assumptions to develop the interpersonal
skills (recognizing and understanding the feelings
and moods of others, orienting in social situation,
etc.). Both intrapersonal and interpersonal skills
help a person to create adequate interaction with
oneself and with social environment.

When describing social skills, researchers
choose different criteria. In some occasions, for the
explanation of social skills an observable behavior
is selected as a reference point, which meets social
norms and potentially should receive a positive
social response; social skills, in F. M. Gresham’s
(2002) opinion, condition adequate actions. Authors
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who hold this position describe social skills as a
behavior that meets the norms, or as compliance
of instruction, which helps the individual to
communicate: to ask questions, ask for help, meet
the needs, get along with others, maintain positive
relations, protect one’s own and other’s self-esteem.
Matson et al. (2008) and others define social skills
as observable (for example, eyesight contact,
gesticulation) and measurable (i. e., such that can
be evaluated) behavior, by which an acceptance
is sought in interpersonal exchange. Similar
definitions of social skills are detected in the works
of many authors. For example, J. Chadsey-Rusch
(1992) defined social skills as alearnt, goal-oriented,
societal norms guided behavior, which depends
on a specific situation, social context; the author
notes that societal behavior includes observable
and unobservable, cognitive and emotional social
proficiency elements, by which a positive or neutral
response from other people is encourage, avoiding
the negative one. Thus, social skills are analyzed
from the social reasoning perspective (Cook et al.,
2008). Authors emphasized an evaluative aspect
of social skills, and highlighted positive effect
of social behavior proficiency. This is shown by
interpretations of social skills by many authors.
Social skills are socially acceptable behavior
which is described by an ability to understand
social expectations and behave according to
those expectations and situations; according to
F. M. Gresham (2002), L. W. Stone et a.l (2002),
social skills allow a person to communicate
effectively, avoid unfavorable people’s reactions,
and receive important social results — acceptance,
popularity, positive opinion about a person; social
skills help to effectively communicate and avoid
socially unacceptable response. With reference to
these authors, a socially acceptable behavior meets
societal expectations, social norms and, therefore,
is favorably assessed.

In other cases, dynamism of social skills is
accentuated; this manifests in adequacy of the
chosen behavior to the situation; then, social skills
are described as personality variables, which
show person’s flexibility, sensitivity to the needs
of others (whether it would be based on empathy,
or instrumental goals — Jarvin, Subotnik, 2006),
ability to orient in shifting situations; social skills
were described as specific situational behavior
(different social skills are important in different
situations), goal-oriented behavior (Norton, Hope,
2001). F. M. Gresham (2002) explains social skills as
verbal and nonverbal behavior that does not depend

on the situation (environmental circumstances,
person’s or other interaction members’ needs and
expectations).

Besides, from a qualitative point of view,
social skills are also described as a level or
extent according to which a person demonstrated
social awareness and ability to manage the social
interaction (Hogan, Shelton, 1998). There are also
descriptions of social skills as moderators which
help to regulate interpersonal relations and reach
personal goals (Elijah, 2009).

It is important to note that the quality of social
skills relates both with personal ability to initiate
an interaction, and to an adequate feedback to the
behavior of others (Gresham, 2002). Majority of
authors acknowledge that social skills manifest
as an adequate behavior (i. e. abilities to choose
actions that correspond to the situation and
expectations, abilities to express positive and
negative emotions, without loosing social support).
Such skills are demonstrated in a great variety
of interpersonal contacts and include adequate
verbal and nonverbal reactions and thus a person
understands under which circumstances and what
behavior is going to receive the approval of the
surrounding people.

STRUCTURAL COMPONENTS OF
SOCIAL SKILLS

Theoretical analysis proves that social skills
of each area are composed of certain behavioral
components — 1. e. abilities that help the individual
to recognize social signals and respond to them
adequately, to behave in a way that a potential to
receive support from the environment would be
maximal (Walker et al., 2002).

Social skills can manifest themselves in abilities
of different levels — starting with elementary
communication (for example, eyesight contact),
social perception abilities (such as understanding
and interpreting social signals), specific behaviors,
ways of interactions (for example, active listening,
mutual communication, ignorance, etc.), which are
applied by the individual when performing a social
task; and finishing with communication skills —
i. e. effectively interact with others, adequately
react, avoiding interpersonal conflicts, adapt to
both simple, and complex situations (Matson et al.,
2008). L. K. Elksnin and N. Elksnin (2000) and
others are of a similar opinion: social skills manifest
in learnt verbal and nonverbal (posture, eye contact,



46

Margarita Jureviciené, Irena Kaffemaniené, Jonas Ruskus

intonation, mimic) communication manners and
abilities of sharing (Morrison et al., 2001), initiation
of interactions (Heimann et al., 1995).

C. Canney and A. Byrne (2006) classify social
skills according to the areas of their expression:

* foundation skills, manifesting in social
interactions as basic abilities (eye contact,
keeping an adequate personal space,
gestures, mimic);

* interaction skills — they consist of the
following abilities: to solve conflicts,
wait for one’s turn, initiate and close the
conversation; interact with authorities;

* emotional skills are necessary for personal
and other’s awareness, they manifest as
abilities to recognize and acknowledge
the feelings of others, ability of empathy
understanding body language and mimic,
ability to determine whether another person
can be trusted;

* cognitive skills are necessary in more
complex situations of social interaction
(social perception, self-observation,
understanding of social norms, and the
choice of an adequate behavior in different
situations).

As the classification shows, certain abilities
constitute social skills of each area. Similar units
of social skill expression (abilities) of various
areas can be found in the works of many other
authors. U. Cornish and F. Ross (2004) classified
social skills into recognition (perception) of
consideration and social signals (signs), interaction
(ability to understand the signals that others show
and to change one’s own behavior accordingly),
action (ability to adapt), etc. Such social abilities
as greeting, maintaining a conversation, making
and maintaining a friendship, asking for help
and instructing others help to perform daily
interactions. S. N. Elliot et al. (2001) note that
social skills reveal themselves as abilities to share,
create relations, ask for help, etc.

* R. B. Rubin and M. M. Martin (1994)
discern the following areas of social skills
and abilities: communication skills: self-
disclosure ability; social relaxation ability
(coping with negative reactions of others,
one’s own stress management);

* assertiveness ability — to protect one’s own
rights without denying the rights of others;

* expressiveness ability — to express thoughts,
feelings in a verbal and nonverbal manner;

* emotional skills: empathy — awareness of
other person’s emotions; having interest in

other person’s words and feelings, taking
care of another person; immediacy, openness
shown in conversation —ability to speak (find
a common topic, understand one another);

* supportiveness — understanding other
without condemnation; orientation to help
the other in solving his/her problems, and
not the control of the other; empathy, and
not estrangement, demonstration of equality,
and not superiority;

* adjustability skills: environmental control
ability which helps to reach one’s own goals
and meet one’s own needs;

* interaction  management  abilities —
understanding a linguistic intercourse and
mastering the communication etiquette, for
example, turning to the interlocutor; rituals
of initiation, development, and closing of the
conversation, etc.

R. M. Rapee et al. (2000) discern social skills
that come into play in nonverbal and verbal
communication manners: body language — eye
contact, posture, mimic; voice—quality — tone and
altitude of voice, speech pace, clarity and interaction
abilities:  conversation — greeting, introducing
oneself, initiation of conversations; expression
of favor, benevolence, friendship — offering help,
invitation, asking to join, expression of gentleness,
complementing the other, sympathy, when others
are hurt or sad; assertiveness — protection of one’s
rights, asking for help of information, expressing
one’s needs, refusal, coping with annoyance,
harassment, etc. J. Zins et al. (2004) distinguish
the following components in the structure of social
skills: social comprehension skills (understanding
and interpreting social factors), social behavior
skills (creation of positive relations, responsible
decision-making; constructive and ethical
management of difficult situations), and emotion
management skills (recognition and control of
emotions; sympathy and care for others).

In the works of many authors, social skills are
basically studied as interpersonal and intrapersonal,
even though they are not always treated this way.
R. Raudelitinaité (2007) perceives intrapersonal
skills as self~-awareness, self-evaluation, and self-
control skills; interpersonal — making a verbal
and nonverbal contact, mutual interaction,
conflict resolution skills. In the opinion of other
authors, the following abilities are attributed to
the intrapersonal skills: self-esteem, emotional
self-awareness,  assertiveness, independence,
and self-realization; and interpersonal abilities —
empathy, social responsibility, and maintaining
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interpersonal relationships; adaptability, research
of reality and compliancy to the rules, as well as
problem solving; stress management — abilities
of resistance to stress and control impulsiveness;
positiveness, optimism (Bar-On, Parker, 2000).

Other authors discern essentially the same or
similar components in the structure of social skills:

» self-cognition — ability to get to know and
evaluate oneself, one’s character, strengths
and weaknesses (Gailiené et al., 1996) and/
or self-awareness, 1. e. abilities to recognize
emotions (emotional self-perception); fairly
assess one’s own strengths; have confidence
in oneself (Goleman, 2001);

» self-control — abilities to control emotions,
cope with stress, impulses; motivate
oneself to overcome difficulties; determine
and observe the progress of personal and
academic goals; emotional control; trust in
others; consciousness; adjustability; goal
achievement; initiative (Goleman, 2001)
and / or control of emotions (empathy,
overcoming stress, etc.) — understanding
of one’s own and others’ emotions and
knowing, how they impact the behavior and
health (Gailiené et al., 1996);

* social awareness — abilities to understand
the environment by observing others;
acknowledge individual and group differences
and similarities; understanding the feelings of
others; orientation in services; organizational
consciousness (Goleman, 2001);

* effective communication — ability to initiate
and maintain positive relations with the
surrounding people; express oneself in verbal
and nonverbal ways that are acceptable to the
culture and situation (Gailiené et al., 1996),
and relation management — abilities to
initiate communication; resist an inadequate
social pressure; constructively control
conflicts (Goleman, 2001);

* decision-making — abilities to analyze
information and experience, analyze
alternative solutions and their outcomes;
make the most rational and optimal decisions
(Gailien¢ et al, 1996), and the ability
to make decisions in conflict situations
(Gevorgianiené, 1999).

A. Bellacket et al. (2004) distinguish the
following components of social skills: expressive
behavior — the content of speech and paralinguistic
characteristics (speech pace, voice intensity,
intonation); nonverbal behavior (eye -contact,

pose, mimic/face expression, distance from the
interlocutor); social perception or receptive
behaviors — attentiveness to signals, their
interpretation, recognition of emotions; interactive
behavior: reaction speed, social encouragement,
turn-taking; situation factors — awareness of social
traditions and

norms, following those norms, and their
application in specific situations.

In the structure of social skills many authors
discern verbal, nonverbal, and paralinguistic
abilities; social perceptions; social information
processing and decision-making; reaction that
meets the norms, expectations of society and
the situation; assertiveness; speech; control and
expression of emotions (Kopelowicz et al., 2006),
and other abilities.

As a result of scientific data systematization,
the authors of this article grounded a structural
model of social skills (see Figure).

We think it is reasonable to classify social
skills by functioning areas: 1) interaction skills;
2) communication skills; 3) participation skills;
4) emotional skills; 5) social cognition skills.
Social skills of each area are divided into smaller
units — social abilities. The structural components
of social skills and abilities are described below in
more detail.

Interaction skills consist of management and
control abilities of mutual interactions which
include the management of one’s own behavior,
and the abilities to manage and control the
interaction of other with him/her (for example,
the ability to resist the negative effect and etc.).
Thus, social interaction manifests in the effect that
communicators make on one another.

Communication  skills distinguish in a
complex structure. Analyzing the structure of
communication skills, it becomes clear that they
consist of abilities of various complexity levels.
In the works of various authors, communication
skills are firstly related to the abilities to initiate
and maintain verbal and nonverbal contact
(Gevorgianieng, 1999; Rapee et al., 2000; Bellack
et al., 2004; Cornish, Ross, 2004; Canney, Byrne,
2006; Raudelitinaité, Paigozina, 2009).

On the other hand, nonverbal contact and
communication abilities that are followed by a
verbal communication are no less important, and,
in some cases (for example, given there is a speech
underdevelopment) nonverbal communication
takes over and substitutes usual (verbal)
communication.



48

Margarita Jureviciené, Irena Kaffemaniené, Jonas Ruskus

Figure. Structural
model of social skill Y — Y i
components o
Self-evaluationalilite:
_’
Ermotion] egprosavencss
> abilities
_ Social sensitivity L T Self=controftabiliies
abilibies >
Drecision-making e EOhionAl sensativity abelitics
T abilities 1 >
SKILLS OF SOCIAL EMOTIONAL
COGNITION SKILLS
v v M&» .. &=
COMMUNICATION
SKILLS | STRUCTURE OF SOCIAL PARTICIPATION
SKILLS
_ Verbal contact abulities L INTERACTION — Croup activaty abaliiies )
SKILLS
Fonverhal comtact abilities _I o
" Abilinies for nteractions
_ Interrelation abilities ‘ managernent and control
=
__ Seoial expressiveness abihifies
H»>
Flextibility , adaptabality
H> 1 abilmies
— Contlict-rezalafaon abalities T
However, communication skills manifest Bar-On, Parker, 2000; Goleman, 2001; Cornish,

not only in the easiness of contact initiation, but
also in more complex abilities of maintaining
interpersonal relations (Gailiené et al., 1996;
Cornish, Ross, 2004). Social expressiveness is also
needed when communicating (Rapee et al., 2000;
Cornish, Ross, 2004; Malinauskas, 2004), as well
as, flexibility and adjustability abilities (Rapee et
al, 2000; Goleman, 2001;Cornish, Ross, 2004), and
conflict resolution abilities (Gevorgianiené, 1999;
Cornish, Ross, 2004 et al.).

Theoretical analysis proves that co-operation
skills are often mentioned next to communication
skills. However, authors describe the structure of
co-operation skills basically as activity abilities,
and not social ones. For instance, activity and
co-operation skills are such as activity planning,
activity organization and evaluation, participation
in group activity (Raudeliiinaité, Paigozina, 2009).

Emotional and social cognition skills are
integrating and overlapping, i.e., they manifest in
various human communication and participation
activities. Components of emotional skills are
abilities of self~awareness (Gailiené et al., 1996;

Ross, 2004) and self-evaluation (Raudeliiinaité,
2007); those abilities help individual to understand
oneself in social interaction situations; and
emotional expressiveness (Malinauskas, 2004) or
self-revelation abilities — they help to positively
reveal oneselfto others. Itis important to understand
others in communication situations and emotional
sensitivity abilities are necessary in order to do
this (Malinauskas, 2004); self-regulation (Bar-
On, Parker, 2000), self~-management or self-control
abilities (Goleman, 2001; Raudelitinaité, 2007)
help to behave adequately.

Emotional expressiveness and emotional
sensitivity are the ones that integrate with
communication abilities. According to
R. Malinauskas (2004), emotional skills enrich and
enliven verbal and nonverbal communication. The
author states that emotional expressiveness belongs
to the area of nonverbal information transfer and
includes not only the ability to express the need
for communication, but also shows the individual’s
ability to express emotions in a manner that is
understandable and acceptable to the surrounding
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people. Emotional sensitivity means the recognition
of other’s emotions, and emotional control — ability
to control and regulate one’s emotional states and
their nonverbal expression, as well as to mask one’s
emotional state, and avoid a spontaneous burst of
emotions (Malinauskas, 2004).

Thus, emotional skills manifest in two ways —
on the one hand, they aid the person to understand
oneself and to cope with his/her emotions, also
to control oneself while communicating and
participating in a common activity with others; on
the other hand, emotional skills help to understand
the partners of communication or acommon activity.

Analyzing H. Bless et al. (2004),
J. I. M. Carpendale and C. Lewis (2006) and other
authors’ works we identified social cognitive
skill component in the structure of social skills.
Cognition skills undoubtedly condition the
quality of person’s social functioning (firstly,
communication and participation in activities).
Their basis is social norms which regulate behavior
and knowledge (cognitive level). The practical level
of social cognition skills is social sensitivity which
aids to decode social signals (abilities of perception
of social signals), assess the situation (social
situation evaluation abilities), by comparing it
to the knowledge about social norms (cognition
abilities of social norms), as well as it helps to make
decisions about a behavior that would be adequate
to the situation, and when needed, to solve problems
(decision-making abilities). So, social sensitivity is
as ability to understand (decode) verbal signals,
understand and follow social norms which regulate
adequate social behaviors (Malinauskas, 2004), and
problem-resolution ability is related to cognitive
abilities. Besides, according to D. P. Hallahan and
J. N. Kauffman (2003), social cognition skills (to
understand and memorize requirements for actions
and behaviors) relate to emotional skills (self-
regulation, and self-control abilities). The basis
for social sensitivity is abilities of social norm
awareness, recognition and evaluation of emotional
state of partners, etc. Both the knowledge of social
norms and practical orientation to social norms
in various social situations require a high level of
social and emotional intellect.

Social cognition skills reflect person’s
orientation in social life, understanding the logics
of interpersonal relations, expectations from the
surrounding people’s viewpoint and behavior
control corresponding to expectations.

According R. Malinauskas (2004), social skills
of each area reveal themselves by the ability to
send and interpret verbal and nonverbal (body

language, mimic, emotional) information, and to
control the quality of one’s own communication.
Similar standpoint is found in R. Raudelitinaité’s
(2009) research. When analyzing components
of social skills, the author chose communication
(interaction, perception) and intercourse skills as
an essential reference point.

Insummary, it can be stated that communication
skills are essential in the structure of social skills;
however, communication skills are closely related
to emotional and social cognition skills; besides,
communication skills manifest in observable
behavioral forms — interaction management and
control abilities. So, communication induces
the development of all other social skills: helps
to learn ways to express socially acceptable
behavior and emotions, control the expression of
behaviors and emotions, constructively resolve
conflicts and strengthen interrelationships. On
the other hand, communication is both the factor
and the presumption of social skill formation;
communication and other social skills are the result
of social and educational interactions.

CONCLUSION AND
PERSPECTIVES

Analysis of scientific sources has proved that
social skills are being studied from various point
of view: as consistent personality characteristics;
as behavioral components; as a behavior, which
corresponds to societal expectations and adequately
shifts depending on the context (peculiarities
of the environment and individual), etc. Some
authors named the same behavioral categories as
social competence, others — as social skills, yet
others — as social abilities. Scientists note that
social skills help to orient in social situations with
more success; however, the quality of social skills
and social abilities can be individual, and this may
cause an unequal level of social adjustability and
social functioning.

Also diversity of social skill classification was
discovered in various scientific sources. Social
skills were classified into categories according to
the ways of their expression (verbal, nonverbal),
areas of expression (intrapersonal, interpersonal).
It is typical that many scientists classify social
skills into categories or types of skills according to
their level of complexity. Describing the conception
of social skills, scientists reveal different levels of
their complexity: from basic (eye contact, limited
verbal response to limited social stimuli from the
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environment) to complex social skills (decision-
making, leadership, etc.).

The variety of interpretations and
classifications, possibly, can be explained by
differing methodological regulations of research.

In our opinion, the concept and design of social
skills is best explained in terms of system theory.
System theory allows to analyze the complex
structures, events and processes in different aspects
and evaluate the relationships between system
components (von Bertalanaffy, 2001; etc.). In
addition, system theory emphasizes the complexity
of human interaction with the environment and
people’s ability to not only to give up to the
environmental impacts, but also the ability to
change even a variety of environmental factors on
them (von Bertalanaffy, 2001; Mulej, 2007).

Based on the analysis of scientific research, we
revealed the multidimensionality of social skills’
construct and a theoretical model of structure
of social skills. We think that social skills can
be interpreted as a complex multidimensional
construct of integrated, overlapping and
supplementing each other structural components
of 1) interaction skills; 2) communication skills;
3) participation skills, 4) emotional skills; and
5) social cognition skills. Each of those structural
components of social skills relate to each other by

close systematic ties and the skills of every area
consist of various smaller units — social abilities,
which are important not only for one area of skills.
Social abilities of each social skill component
integrate and overlap into the more than one area
of person’s social functioning. Communication is
both the factor and the presumption of social skills
formation. So communication skills are essential
in the structure of social skills. Communication
and other social skills are the result of social and
educational interactions.

Various individual’s social functioning areas
of an individual are inter-related components of
social skills, such as interaction, communication,
participation, emotional, social cognition skills.
Therefore, based on system theory perspective,
advances in one area of social skills, have an effect
on other areas of social skills.

In perspective we believe that social skill
structural model based on systems theory approach
can be useful both for the social skill assessment
purposes, as well as for educational purposes.
Social skills structural model can explain and
clearly show which personal social skills and
abilities need more attention of educators. In the
area of solving educational problems, the main
attention must be given to training specific social
abilities that are parts of various social skills.

REFERENCES

Argyle,M.,Kendon, A.(1967). The experimental analysis
of social performance. Advances in Experimental Social
Psychology, 3, 55-98.

Bar-On, R., Parker, J. D. A. (2000). Bar-On Emotional
Quotient Inventory: Youth Version (Bar-On EQ-i:YV)
Technical Manual. Toronto, ON: Multi-Health Systems
Inc.

Bellack, A., Mueser, K., Gingerich, S., Agresta, J.
(2004). Social Skills Training for Schizophrenia: A Step-
by- Step Guide. New York: The Guilford Press.

von Bertalanffy, L. V. (2001). General System Theory:
Foundations, Development, Applications. Revised
Editon. New York: George Braziller Inc.

Bless, H., Fiedler, K., Strack, F. (2004). Social Cognition.
Hove and New York: Psychology Press.

Brodeski, J., Hembrought, M. (2007). Improving Social
Skills in Young Children. An Action Research Project.
Chicago, Illinois: Saint Xavier University.

Burgoon, J., Dunbar, N. (2000). An interactionist
perspective on dominance-submission: Interpersonal
dominante as a dynamic, situationally contingent social
skill. Communication. Monograph, 67, 96—121.
Canney, C., Byrne, A. (2006). Evaluating circle time as
a support to social skills development — reflections on

a journey in school based research. British Journal of
Special Education, 33 (1), 19-24.

Carpendale, J. I. M., Lewis, C. (2006). How Children
Develop Social Understanding. Oxford: Blackwell.

Cavell, S. (1990). Conditions Handsome and Unhand-
some: The Constitution of Emersonian Perfectionism.
Chicago: University of Chicago press.

Chadsey-Rusch, J. (1992). Toward defining and mea-
suring social skills in employment settings. American
Journal on Mental Retardation, 96 (4), 405.

Colombero, G. (2004). Nuo zZodziy { dialogq. Psicholo-
giniai asmeny tarpusavio komunikacijos aspektai.
Vilnius: Kataliky pasaulio leidiniai.

Cook, C.R., Gresham, F. M., Kern, L. etal. (2008). Social
skills training for secondary students with emotional
and/or behavioral disorders: A review and analysis of

the meta-analytic literature. Journal of Emotional and
Behavioral Disorders, 16, 131-144.

Cornish, U., Ross, F. (2004). Social Skills Training
for Adolescents with General Moderate Learning
Difficulties. London: Jessica Kingsley.

Danielson, C. K., Phelps, C. R. (2003). The assessment
of children’s social skills through self-report: A potential
screening instrument for classroom use. Measurement



CONCEPT AND STRUCTURAL COMPONENTS OF SOCIAL SKILLS

51

and Evaluation in Counseling and Development, 35,
218-229.

Elijah, W. D. (2009). Sociopsychometric Measures: Social
Skills and Social Competence. Portu: Fernando Press.

Elksnin, L. K., Elksnin, N. (2000). Teaching parents
to teach their children to be prosocial. Intervention in
School and Clinic, 36 (1), 27-35.

Elliott, S. N., Malecki, C. K., Demaray, M. K. (2001).
New directions in social skills assessment and
intervention for elementary and middle school students.
Exceptionality, 9, 19-32.

Gailiené, D., Bulotaité, L., Sturliené, N. (1996). As myliu
kiekvienq vaikq. Apie vaiky psichologinio atsparumo
ugdymq. Vilnius: Valstybinis leidybos centras.
Gedviliené, G., Bauziené, Z. (2008). Vaiky, turinciy
judéjimo sutrikimy, socialiniy gebéjimy ugdymas.
Specialusis ugdymas, 1 (18), 158—168.

Gevorgianiené, V. (1999). Vidutiniskai sutrikusio
intelekto ugdytiniy bendravimo gebéjimy ugdymas:
daktaro disertacija. Siauliai: Siauliy universitetas.
Goleman, D. (2001). An El-based theory of performance.
In C. Cherniss, D. Goleman, (Eds.), The Emotionally
Intelligent Workplace (pp. 27-44). San Francisko:
Jossey-Bass.

Gresham, F. M. (2002). Teaching social skills to high-
risk children and youth: Preventive and remedial
strategies. In M. R. Shinn, H. M. Walker, G. Stoner
(Eds.). Interventions for Academic and Behavior
Problems. II: Preventive and Remedial Approaches
(pp. 403-432). Bethesda, MD: National Association of
School Psychologists.

Hallahan, D. P., Kauffman, J. N. (2003). Ypatingieji
mokiniai. Specialiojo ugdymo {vadas. Vilnius.
Heimann, M., Nelson, K., Tjus, T., Gillberg, C. (1995).
Increasing reading and communication skills in children
with autism through an interactive multimedia computer
program. Autism Development Disorders, 25, 459-480.

Hochwarter, W. A., Witt, L. A., Treadway, D. C.,,
Ferris, G. R. (2006). The Interaction of Social Skills and
Organizational Support on Job Performance. Journal of
Applied Psychology, 91(2), 482-489.

Hogan, R., Shelton, D. (1998). A socioanalytic
perspective on job performance. Human Performance,
11, 129-144.

Jacikevicius, A. (1994). Siela. Mokslas. Gyvensena.
Vilnius: Zodynas.

Jarvin, L., Subotnik, R. F. (2006). Understanding
elite talent in academic domains: A developmental
trajectory from basic abilities to scholarly productivity.
In F. A. Dixson, S. M. Moon (Eds.), The Handbook of
Secondary Gifted Education (pp. 203—220). Waco, TX:
Prufrock Press.

Jovaisa, L. (1993). Pedagogikos terminai. Kaunas: Sviesa.

Kopelowicz, A., Liberman, R. P., Zarate, R.
(2006). Recent advances in social skills training for
schizophrenia. Schizophrenia Bulletin, 32, 12-23.
Lepaité, D. (2003). Kompetencijq plétojanciy studijy
programy, lygio nustatymo metodologija. Kaunas:
Technologija.

Libet, J. M., Lewinsohn, P. M. (1973). Concept of social
skill with special reference to the behavior of depressed
persons. Journal of Consulting and Clinical Psychology,
40, 304-312.

Lieberman, M., Rosenthal, R. (2001). Why introverts
can’t always tell who likes them: Multiasking and
nonverbal decoding. Journal of Personality and Social
Psychology, 80,294-310.

Malinauskas, R. (2004). Socialinio rengimo jtaka sporto
pedagogu socialiniams jgidziams. Acta paedagogica
Vilnensia, 12, 1-8.

Matson, J. L., Cooper, C., Malone, C. J., Moskow, S. L.
(2008). The relationship of self-injurious behavior and
other maladaptive behaviors among individuals with
severe and profound intellectual disability. Research in
Developmental Disabilities, 29 (2), 141-148.

Matson, J., Mayville, E., Lott, J., Bielecki, J., Logan, R.
(2003). A comparison of social and adaptive functioning
in persons with psychosis, autism, and severe or
profound mental retardation. Journal of Developmental
and Physical Disabilities, 15, 57-65.

McFall, R. M. (1982). A review and reformulation of
the concept of social skills. Behavioral Assessment,
4,1-33.

McNary, S. W. (2003). Behavioral generalization
and cognition in social skills training for people with
schizophrenia [2012 08 14]. Internet link: http://www.
charm.net/~smcnary/sstpaper.pdf

Morrison, L., Kamps, D., Garcia, J., Parker, D. (2001).
Peer mediation and monitoring strategies to improve
initiations and social skills for students with autism.
Positive Behavior Interventions, 3 (4), 237-250.

Mulej, M. (2007). Systems theory: A worldview and/
or a methodology aimed at requisite holism/realism
of humans’ thinking, decisions and action. Systems
Research and Behavioral Science, 24 (3), 347-357.

Nezlek, J., Feist, G., Wilson, F., Plesko, R. (2001).
Day-to-day variability in empathy as a function of daily
events and mood. Journal of Research in Personality,
35, 401-423.

Norton, P.J.,Hope, D. A. (2001). Analogue observational
methods in the assessment of social functioning in
adults. Psychological Assessment, 13, 59-72.

Osit, M. (2008). Generation Text: Raising Well-Adjusted
Kids in an Age of Instant Everything. New York:
AMACOM.

Phillips, L. (1978). The Social Skills Basic
Psychopathology: Alternative to Abnormal Psychology
and Psychiatry. New York: Grunte & Stratton.

Rapee, R. M., Wignall, A., Hudson, J. L., Schniering, C. A.
(2000). Treating Anxiety in Children and Adolescents: An
Evidence-Based Approach. California: New Harbinger.
Raudelitinaité, R., Paigozina, R. (2009). Vaiky,
gyvenanciy globos namuose, socialiniy jgidziy raiskos
ypatumai. Socialinis darbas, 8 (1), 138-146.
Raudelitinaité, R. (2007). Sutrikusio regéjimo paaugliy
socialiniai jgudziai irjy ugdymo pedagoginés prielaidos:
monografija. Siauliai: Siauliy universiteto leidykla.



52

Margarita Jureviciené, Irena Kaffemaniené, Jonas Ruskus

Riggio, R. E. (1986). Assessment of basic social skills.
Journal of Personality and Social Psychology, 51, 649—
660.

Rubin, R. B., Martin, M. M. (1994). Development of a
measure of interpersonal communication competence.
Communication Research Reports, 11, 33-44.

Stone, W. L., Ruble, L., Coonrod, E., Hepburn, S.,
Pennington, M. (2002). TRIAD Social Skills Assessment
Manual. Nashville, TN: Treatment and Research
Institute for Autism Spectrum disorders.

Stravynski, A., Amdao, D. (2001). Social phobia as a
deficit in social skills. In S. G. Hofmann, P. M. DiBartolo
(Eds.), From Social Anxiety to Social Phobia: Multiple
Perspectives (pp. 107-129). Needham Heights, MA:
Allyn & Bacon.

Troter, A., Ellison, L. (2001). Understanding competence
and competency. In B. Davies, L. Ellison (Eds.), School
Leadership for the 21st Century (pp. 36-53). London:
RoutledgeFalmer.

Vaughn, S., Hogan, A. (1990). Social competence
and learning disabilities: A Prospective Study.

In H. L. Swanson, B. K. Keogh (Eds.), Learning
disabilities: Theoretical and Research Issues (pp. 175—
191). Hillsdale, NJ: Erlbaum.

Walker, S., Irving, K., Berthelsen, D. (2002). Gender
Influences on Preschool Children’s Social Problem
Solving Strategies. Journal of Genetic Psychology,
163(2), 197-210.

Welsh, M., Park, R. D., Widaman, K., O’Neil, R. (2001).
Linkages between children’s social and academic
competence: A longitudinal analysis. Journal of School
Psychology, 39, 463-481.

Witt, L. A., Ferris, G. R. (2003). Social skill as moderator
of the conscientiousness — performance relationship:
Convergent results across four studies. Journal of
Applied Psychology, 88, 809—821.

Zins, J., Weissbert, R., Wang, M., Walberg, H. (2004).
Building Academic Success on Social and Emotional
Learning: What does the Research Say? New York:
Teachers College Press.

SOCIALINIU JGUDZIU SAMPRATOS IR STRUKTUROS
KOMPONENTU TEORINE ANALIZE
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SANTRAUKA

Tyrimo pagrindas. Socialiniy igidziy tyrimy gausa rodo didZiulj visy $aliy mokslininky susidoméjima Sia
problema, taciau tokie tyrimai pasizymi nevienareikSme bei kontroversiska Siy igidZziy interpretacija ir i§ esmés

nepaaiskina juy strukttiriniy ypatumuy.

Tikslas — remiantis moksliniy $altiniy teorinés analizés duomenimis suformuluoti socialiniy igiidziy samprata
atskleidziant socialiniy igidziy konstrukto multidimensiskuma ir pateikti teorinj socialiniy igtidziy strukttiros modeli.

TByrimo metodas — teoriné analizé.

Aptarimas ir isvados. Atlikus moksliniy darby teoring analize, atskleista ne tik socialiniy igiidZiy aiSkinimo

ivairovés problema, bet ir nevienoda klasifikacija bei susijusiy savoky interpretacijos nevienareik§miskumas. Kai
kurie autoriai tas pacias elgesio kategorijas ivardija skirtingai: vieni — kaip socialing kompetencija, kiti — kaip
socialinius igdzius, dar kiti — kaip socialinius gebéjimus. Be to, aptinkamas ir priestaringas socialiniy igidziy
klasifikavimo { grupes bei kiekvienos srities socialiniy jgiidziy sandaros (sudedamuyju elementy) aiskinimas. Sio
tyrimo metu susisteminus {vairiy autoriy pateiktas socialiniy igtidziy koncepcijas, pasiiilyta interpretuoti socialinius
igtidzius kaip asmens socialinés kompetencijos sudedamaja dalj. Straipsnio autoriy nuomone, socialiniai jgiidziai —
sudétingas multidimensinis konstruktas, sudarytas i§ tarpusavyje integruojanciy (persidengianciy) ir vienas
kita papildanciy struktiiriniy komponenty—igidziy: 1) interakcijos; 2) bendravimo; 3) dalyvavimo; 4) emociniy;
5) socialinés kognicijos. Kiekviena i§ iy socialiniy igiidziy struktiiriniy komponenty sudaro atitinkamy socialiniy
gebéjimy kompleksai, kuriuos sieja glaudiis sisteminiai rysiai. Socialiniai geb¢jimai yra socialiniy jgudziy
struktiiriniai elementai.

RaktaZodziai: interakcijos, bendravimo, dalyvavimo, emociniai ir socialinés kognicijos jgiidziai.
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Sariinas Klizas', Irina Kliziené?, Vitas Linonis?, Daina Miliauskiené3
Lithuanian Academy of Physical Education’, Kaunas, Lithuania.

Kaunas University of Technology’, Kaunas, Lithuania

Special School of Prienai’, Prienai, Lithuania

ABSTRACT

Research background and hypothesis. The data of students’ national academic achievements confirmed that
high achievements were related to good well-being at school. Most attention should be paid to first year gymnasium
students because especially great differences were established in the academic achievements of those who evaluated
school microclimate favorably and unfavorably. We hypothesized that the level of psychosocial adjustment of female
first year gymnasium students would be higher than that of male students.

Research aim. The aim of the present study was to establish psychosocial adjustment of first year gymnasium
students depending on their gender.

Research methods. The sample included 362 first year gymnasium students, girls (n = 198) and boys (n = 164).
They were 14—16 years of age. The Rogers and Dymond’s questionnaire was chosen for the evaluation of psychosocial
adjustment (Rogers, Dymond, 1954). It was translated into the Lithuanian language and adapted for the Lithuanian
population (Klizas, 2009). Besides the psychosocial adjustment subscale, we analyzed other subscales (self-esteem,
evaluation of others, emotional comfort, integrity, domination, avoidance of problem) as well which helped reveal
the person’s psychosocial adjustment.

Research results. Analyzing the level of gymnasium students psychosocial adjustment in the aspect of gender,
we established statistically significant difference in the avoidance of problems (t =-3.19; p < 0.05). We established
that the level of negative evaluation of others for boys and girls was statistically significant (y*> = 10.71; df = 2;
p < 0.05). The evaluation of the level of emotional discomfort for boys and girls revealed a statistically significant
difference in the aspect of gender (y*~12.49; df = 2; p < 0.05).

Discussion and conclusions. We established that psychosocial adjustment of first year gymnasium students was
of low level. Such components of psychosocial adjustment as adjustment, evaluation of others, emotional comfort,
integrity, domination and avoidance of problems were of low level, and only self-esteem was moderate. In the aspect
of gender, we revealed a statistically significant difference in the avoidance of problems (p < 0.05). The avoidance
level of girls in the first year of the gymnasium was higher than that of boys. But for boys, the levels of adjustment,
evaluation of others, emotional comfort, integrity, domination were higher than those of girls. Self-esteem for girls
was higher than that of boys; however, no statistically significant difference was found.

Keywords: school (adjustment) microclimate, emotional comfort, avoidance of problems.

INTRODUCTION

a special phenomenon of an individual in are equally important for the peculiarities of the
social interrelations covers multiple aspects  personality values and its needs (Malinauskas,
in itself, some of which are related to the standards  2006). During the whole life of an individual,
of the society while others are connected with the value orientation and development of needs

Psychosocial adjustment of a personality as behavioral norms of the personality. All of them
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acquire particular traits which at some moments
of human life contribute to efficient adaptation
while sometimes they complicate the situation by
involving specific peculiarities. The age group of
adolescence is unique since it shows the “flash”
of the development of social, psychological
and physiological activeness of the personality
(Barkauskaité, 2000). Psychosocial adjustment
may be determined as a mutual process taking place
between an individual and his/her environment, and
the active adjustment of an individual to the altering
environment and conditions of living (Juodraitis,
2004). Psychosocial adjustment during adolescence
may be interpreted as the strife of adolescents to
discover their place, to alter in order to adjust, and
to alter the place in order to adapt it to themselves.
Thus, it is essential to explore the middle school
age during which the “flash” of motoric needs takes
place together with the active sexual maturation as
well as rapid growth and development of all the
organs and systems of the body.

On the basis of the exploration of publications
and research at the recent time, one may claim
that the issue of psychosocial adjustment of
students of the age of adolescence raises increasing
worries of pedagogues and the general society
(Malinauskas et al., 2008). These students whose
adaptation at school and among peers is not fluent
and those who experience hard situations in their
family and/or home environment, later on transfer
their problems to the world of adults (Juodraitis,
2004). It has been established that schoolchildren
experience difficulties while adjusting to the
altered environment and they undergo adaptation
crisis. The age period of the first year gymnasium
students is adolescence, and in this period
schoolchildren are most vulnerable by the social
environment, so adjustment difficulties at school
are linked to further adaptation of schoolchildren
in the society. Personal ability to adapt to changes
in life and good psychosocial adjustment under the
conditions of constantly changing situations are
the indicators of the quality of life. If this process
is not successful, there is absolutely no balance
between the individual and their environment,
which interferes with the individual development
and meeting their needs (Harrison, Jagelavicius,
1999). Students’ well-being at school, i.e. their
evaluation of school climate is an important part of
school education quality. It is obvious that school
that threatens and hinders students’ motivation and
promotes bullying is not a good school, even if the

academic achievements of schoolchildren are high
(Gudynas et al., 2009). Thus, the accessibility of
general education should be analyzed in the context
not only of schoolchildren’s achievements, but also
their psychosocial adjustment at school.

The analysis of other studies (Jia et al., 2009;
Adeyemo, Ogundokum, 2010) and their publications
suggests that the problem of schoolchildren’s
psychosocial adjustment at school still worries the
majority of teachers and the society. Difficulties
in psychosocial adjustment in the gymnasium
can influence not only schoolchildren’s academic
achievements, but also their mental and emotional
health. At present problems of schoolchildren’s
adjustment and anxiety are common. Well-being of
a student is believed to be one of the most important
factors deciding the level of their psychosocial
adjustment, attitudes towards school and learning.
Poor well-being and continuous anxiety lower
child’s intellectual abilities, working capacity,
initiative, hinders communication with others, and
thus provokes conflicts between the adolescent and
the new environment (Parker, Neuharth-Pritchett,
2009). Research results have shown that successful
school adjustment is determined by the safety of
schoolchildren because when children feel safe and
surrounded by warm and pleasant environment,
the process of school adjustment will be smooth
(Midgley et al., 2000). Success in psychosocial
adjustmentalso depends on the relationship between
schoolchildren and teachers (Barber, Olsen,
2004). Teachers who not only interest children
in their subjects but themselves show interest
in schoolchildren and their life at school have a
positive effect on their mutual aims and methods of
work. Help for students is the indicator of teachers’
behavior at school of utmost importance. It helps
to understand the changes in schoolchildren’s
learning, personal and interpersonal relations after
changing school. For this reason teachers have to
help first year gymnasium students to perceive that
in a new community it is very important to know
every member in the classroom, the organization
culture, values, and community aims because all
those things ensure faster adaptation in a new
environment (Barber, Olsen, 2004).

The data of students’ national academic
achievements confirmed that high achievements
were related to good well-being at school. If
students felt well at school (they liked to be and
learn there, they did not feel lonely, they were liked
by other students, they had possibilities to discus
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school rules and they felt in their own place),
their academic achievements were statistically
significantly higher compared to those students
who did not feel so well (Bigeliené, Uginciené,
2008). Most attention should be paid to first year
gymnasium students because especially great
differences have been established in the academic
achievements of those who evaluated school
microclimate favorably and unfavorably (Gudynas
et al., 2009).

The aim of the present study was to establish
psychosocial adjustment of first year gymnasium
students depending on their gender.

We hypothesized that the level of psychosocial
adjustment of female first year gymnasium students
would be higher than that of male students.

RESEARCH METHODS

Using the strategy of random sampling we
selected first year gymnasium students from three
city and three regional gymnasiums. The sample
included 362 first year gymnasium students, girls
(n = 198) and boys (n = 164). They were 14-16
years of age. While organizing the research we
distributed 419 questionnaires. We received 392
questionnaires as 27 students refused to participate
in the research. After the initial calculations and
the application of the falsity scale estimates, 362
questionnaires were suitable for the analysis (30
questionnaires were eliminated from the analysis
as unsuitable).

We obtained oral permission to carry out our
research from the gymnasium administration,
teachers and students. The survey was conducted
in the morning, during the lessons. Before the
research the students were explained the aim of the
research and the order of filling in the questionnaire.
The procedure of filling in the questionnaire took
place in the classroom and lasted about 40 minutes.
The questionnaires were filled in personally, and
no help was needed from the researcher.

Instruments. The Rogers and Dymond’s
questionnaire was chosen for the evaluation of
psychosocial adjustment (Rogers, Dymond, 1954).
It was translated into the Lithuanian language and
adapted for the Lithuanian population (Klizas,
2009). The Rogers and Dymond’s questionnaire
consisted of 101 items and the range of responses
was a 7-point scale. The respondents had to choose
one answer out of seven possible variants: This is
definitely not about me — 0; This does not look like

me — 1; I doubt that this could be applied to me — 2;
1 do not dare to apply it to me — 3; This is similar to
me, but I am not sure — 4; This is similar to me — 5;
This is definitely about me — 6. The results were
evaluated as follows: up to 68 points — low level
of adjustment, 68—170 points — moderate level of
adjustment, and higher than 170 points — high level
of adjustment.

The main subscale, which best revealed
the nature of psychosocial adjustment, was
“adjustment” subscale (internal validity of this
subscale (Cronbach’s alpha) was 0.76). The
subscale included the 67 items of the questionnaire.
Besides the psychosocial adjustment subscale, we
analyzed other subscales (self-esteem, evaluation
of others, emotional comfort, integrity, domination,
avoidance of problems) as well which helped reveal
the person’s psychosocial adjustment. The subscale
“self-esteem” consisted of 18 items. Cronbach’s
alpha of the subscale “self-esteem” was 0.72 for
the present sample. The subscale “dominance”
consisted of nine items. Cronbach’s alpha of the
subscale “dominance” was (.72 for the present
sample.

Statistical analysis. Data analysis was
performed using the Statistical Package for Social
Sciences (SPSS) version 17. Kolmogorov-Smirnov
test was applied for normality verification. The
nonparametric chi-square test was used for the
statistical analysis of the data. The distribution
of the Rogers and Dymond’s questionnaire data
differed from the normal distribution statistically
insignificantly. Consequently, t-test for independent
samples was used for the significance of the
difference between the means of groups. We chose
the significance level of 0.05.

RESEARCH RESULTS

The authors of this method (K. Rogers
and R. Dymond) designed their own model of
psychosocial adjustment, thus besides the main
adjustment subscale they included other subscales
which in their opinion help reveal psychosocial
adjustment of a person. For the validity of the
subscales, correlation analysis was performed
(Table), which produced statistically significant
and theoretically meaningful correlations between
subscales. Strong and statistically significant
relation was found between adjustment and self-
esteem subscales (r = 0.86; p < 0.001), as well
as between adjustment and integrity subscales
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(r = 0.83; p < 0.001). Strong and statistically
significant relation was established between the
subscales of adjustment and evaluation of others
(r=0.68; p <0.001), and adjustments and emotional
comfort (r = 0.76; p < 0.001). We can claim that
successful psychosocial adjustment is influenced
by positive self-esteem and integrity, as well as
experienced emotional comfort and evaluation of
others. Week correlation was established between
adjustment and wish to dominate (r = 0.34;
p < 0.001). It should be noted that we established a
negative essential correlation between adjustment
and avoiding problems (r = —0.41; p < 0.001). It
shows that when a person avoids problems, it is
difficult to judge about successful psychosocial
adjustment.

Statistically significant strong relations were
established between personal self-esteem and
emotional comfort (r = 0.61; p < 0.001), integrity
(r=10.71; p < 0.001), and the relation between self-
esteem and evaluation of others was statistically
significant and essential (r = 0.5; p < 0.001). We
can argue that personality with positive self-
esteem experiences emotional comfort, integrity,
positively evaluates others and is not inclined to
dominate, which ensures high levels of psychosocial
adjustment.

Correlation analysis revealed that there were
strong and very strong essential, statistically
significant relations between all subscales of
psychosocial adjustment, which suggests that in
K. Rogers and R. Dymond’s model of psychosocial
adjustment, not only the main subscale of
adjustment is important, other subscales are no
less important as well: self-esteem, evaluation of

others, emotional comfort, avoidance of problems,
integrity and domination.

Analyzing the level of gymnasium students’
psychosocial adjustment in the aspect of gender,
we established statistically significant difference
in the avoidance of problems (t = —3.19; p < 0.05).
The level of avoidance of problems among the
girls was higher (14.42 + 4.79 points) compared
to boys (12.78 £+ 4.99 points). It was established
that the levels of adjustment, evaluation of others,
emotional comfort, integrity and domination for
boys were higher than those for girls. Self-esteem
for girls was higher than that for boys, but we did
not establish statistically significant difference
(Figure 1).

The differences in the levels of negative
evaluation between girls and boys were statistically
significant (¥2 = 10.71; df = 2; p < 0.05) (Figure 2).
The average level of negative evaluation of others
was more common among girls (56.6 %) compared
to boys (40.2 %). Low level of negative evaluation
of others dominated more among boys (59.8%),)
compared to girls (42.9%).

The evaluation of the level of emotional
discomfort for boys and girls revealed a statistically
significant difference in the aspect of gender
(x*~12.49; df = 2; p < 0.05). The majority of girls
(65.7%) experienced the average level of emotional
discomfort, and the majority of boys (51.8%) —
the low level of it. Almost half of the respondents
(48.2%) demonstrated moderate level of emotional
discomfort. Low level of emotional discomfort
was characteristic of 33.8% of girls. High level of
discomfort was expressed only by 0.5% of girls
(Figure 3).

Table 1. Inter-correlation

Adjustment Evaluation Emotional . o Avoidance of
indices of adjustment subscales Self-esteem of others comfort Integrity Domination problems
1

series Adjustment 0.86(**) | 0.68(**%) | 0.76(**) | 0.83(*%) | 034(**) | —0.41(*%)
Self-esteem 1 0.5(**) 0.61(**) 0.71(**) 0.21(**) —0.26(**)
Evaluation of oo o oo ~ B s
others 0.5(**) 0.47(**) 0.45(**) 0.05 0.32(**)
Emotional . S sk % _ ok
comfort 0.61(**) 0.47(**) 1 0.6(**) 0.35(**) 0.33(**)
Integrity 0.71(**) 0.45(**) 0.6(**) 1 0.33(**) —0.23(**)

Note. ** — statistically Domination 0.21(**) —-0.05 0.35(**) 0.33(**) 1 0.1

significant difference | Avoidance of - o - o

(p<0.001). problems —0.26(**) —0.32(**) -0.33(*%*) —0.23(**) -0.09 1
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Figure 1. Levels of boys’
and girls’ psychosocial
adjustment and its
components (average in
points)

Note. * — p < 0.05
comparing the indices of
boys and girls.

Figure 2. Levels of
negative evaluation of
others for boys and girls,
first year gymnasium
students (percent)

Note. »*>~10.71; df = 2;
p < 0.05, comparing
the levels of negative
evaluation of  others
between girls and boys.

Levels of
emotional  discomfort
for boys and girls,
first year gymnasium
students (percent)

Figure 3.

Note. x>~ 12.49; df = 2;
p < 0.05, comparing
the levels of emotional
discomfort between girls
and boys.
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DISCUSSION

Aiming at revealing the peculiarities of
gymnasium first year students’ psychosocial
adjustment we suggest that our research results
do not reveal all the peculiarities of gymnasium
first year students’ psychosocial adjustment in the
whole country, but it allows some insights into
certain tendencies, helps reveal preconditions
of organizing education which allow targeted
process of enhancing psychosocial adjustment
and foreseeing rational seeking of pedagogical
aims.

Most education researchers have suggested
that school plays an important role in the
developmental trajectory of students (Jia el al.,
2009). K. Osterman (2000) has demonstrated
that a relationship exists between connectedness
or belonging and academic outcomes. Boys’
academic struggles caused by the transition to
middle school might be related to feelings of
connectedness to the new school. Boys may feel
less connected to the new school and, therefore,
might not realize themselves as fully academically
as girls. At the same time, connectedness may
be an adjustment variable that does not capture
the decline in self-esteem of girls in transition.
Research shows that school anxiety plays a role in
determining academic success in boys, whereas
work avoidance is an issue for girls (Freudenthaler
et al., 2008).

In our research first year gymnasium students
showed low levels of psychosocial adjustment
(62.91 + 10.91). There are studies (Barkauskaite,
Miseikyté, 2006) where similar results have
been obtained. The authors argue that difficult
psychosocial adjustment of pupils influences
unwillingness to learn at school, reduces self-
confidence, the child can turn inwards, lose
confidence in teachers, peers, even parents;
however, smooth psychosocial adjustment is
a strong factor determining pupil’s academic
success, helping the child develop the attitudes of
security, attachment, willingness to achieve more
and other attitudes (Barkauskaité, Miseikyte,
2006). S. Sniras and R. Malinauskas (2006)
maintain that the main things that adolescents
lack are better self-esteem, dignity, ability to

control emotions, overcome stress and anxiety,
constructively solve conflicts and problems.
The same results were obtained in our study as
well. Self-esteem of adolescents was moderate,
avoidance of problems was low. Students facing
difficulties in communicating with peers due to
various reasons experience seclusion, isolation
from the environment while frequent failures in
the everyday activity decrease their trust in their
own powers (Ellickson, McGuigan, 2000). These
students whose adaptation at school and among
peers is not fluent and those who experience
hard situations in their family and/or home
environment, later on transfer their problems to
the world of adults (Juodraitis, 2004). It has also
been proved that for the proper social adaptation,
one needs the support not only of the family, but
also of friends (Morano, Cisler, 1993).

We found that the level of negative evaluation
of others among first year gymnasium students
was statistically significant (p < 0.05): the average
level of negative evaluation of others was more
common for girls than for boys. L. Bobrova (2009)
suggests that boys adapt to social conditions with
more difficulties compared to girls. Girls are
more inclined to evaluate others and themselves,
and they easier achieve the state of emotional
comfort. L. Bobrova (2009) established strong
statistically significant correlations between self-
evaluation and emotional comfort, self evaluation
and domination, domination and falsity. While
evaluating the level of emotional discomfort for
boys and girls, first year gymnasium students,
we found a statistically significant difference in
the aspect of gender (p < 0.05). Higher levels of
emotional discomfort were more common for
girls than for boys. C. Wootton (2001) argues that
girls are more inclined to adapt than boys. They
tend to talk about their problems that interfere
with their peace. Boys tend to survive problems
themselves because of stereotypes dominating
in the society that men are strong, they cannot
cry, which means that they cannot tell anybody
about their problems. N. J. Wiles et al. (2008)
established that children who met recommended
levels for physical activity had fewer emotional
problems one year later, although the magnitude
of this difference was reduced after adjustment
for confounders, particularly gender.
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CONCLUSION AND
PERSPECTIVES

We established that psychosocial adjustment
of first year gymnasium students was of low level.
Such components of psychosocial adjustment
as adjustment, evaluation of others, emotional
comfort, integrity, domination and avoidance of
problems were of low level, and only self-esteem
was moderate.

In the aspect of gender, we revealed a
statistically significant difference in the avoidance
of problems (p < 0.05). The avoidance level of girls
in the first year of the gymnasium was higher than
that of boys. But for boys, the levels of adjustment,
evaluation of others, emotional comfort, integrity,
domination were higher than those of girls. Self-
esteem for girls was higher than that of boys;
however, no statistically significant difference was
found.
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PIRMOS KLASES GIMNAZISTU PSICHOSOCIALINES
ADAPTACIJOS PRIKLAUSOMUMAS NUO LYTIES
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Lietuvos kiino kultiros akademija’, Kaunas, Lietuva
Kauno technologijos universitetas®, Kaunas, Lietuva
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SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Nacionaliniy mokiniy pasiekimy tyrimy duomenys patvirtino, kad auksti
mokiniy pasiekimai susij¢ su ju savijauta mokykloje. Ypac reikeéty atkreipti démesj | situacija pirmoje gimnazisty
klaséje, kur nustatyti ypac dideli pasiekimy skirtumai tarp palankiai ir nepalankiai mokyklos emocini mikroklimata
vertinusiy mokiniy. Hipotezuojame, kad pirmos klasés mergaiciy gimnazis¢iy psichosocialinés adaptacijos lygis
aukstesnis nei bendraamziy berniukuy.

Tikslas — nustatyti pirmos klasés gimnazisty psichosocialinés adaptacijos priklausomuma nuo lyties.

Metodai. Tiriamaja imt{ sudaré 362 pirmy gimnazijos klasiy mokiniai — mergaic¢iy (n = 198), berniuky
(n = 164). Respodenty amzius: 14—16 mety. Tyrimo metu naudota modifikuota K. Rogers ir R. Dymond metodika
psichosocialinei adaptacijai tirti. Anketa adaptuota Lietuvos visuomenei tirti (Klizas, 2009). Metodikos autoriy
(K. Rogers ir R. Dymond) psichosocialinés adaptacijos modeliu be pagrindinio, psichosocialing adaptacija
apibudinancio rodiklio, pateikiamos subskalés (savgs vertinimas, pozilris i kitus, emocinis komfortas, integralumas,
dominavimas, problemy vengimas), padedancios atskleisti psichosocialing asmenybés adaptacija.

Rezultatai. Analizuojant pirmos klasés gimnazisty psichosocialinés adaptacijos lygi lyties poziiiriu, nustatytas
statistiskai patikimas problemy vengimo skirtumas (t =-3,19; p <0,05). ISsiaiSkinome, kad pirmos klasés gimnazisty
ir gimnazis¢iy neigiamo poziiirio { kitus lygis statistiskai patikimas (¥*~10,71; lls = 2; p < 0,05). Vertinant pirmos
klasés gimnazisty berniuky ir mergai¢iy emocinio diskomforto lygi, nustatytas patikimas skirtumas lyties pozitiriu
(>~ 12,49; lls =2; p < 0,05).

Aptarimas ir iSvados. Nustatéme, kad pirmos klasés gimnazisty psichosocialiné adaptacija yra Zzemo lygio.
Psichosocialing adaptacija sudarantys komponentai (adaptacija, pozitiris { kitus, emocinis komfortas, internalumas,
dominavimas, problemy vengimas) yra zemo lygio ir tik savgs vertinimas yra vidutinis. ISanalizavus pirmos klasés
gimnazisty psichosocialinés adaptacijos lygi lyties poziiiriu, nustatytas statistiSkai patikimas problemy vengimo
skirtumas (p < 0,05). Tirty mergaiciy gimnazisciy problemy vengimo lygis yra didesnis negu berniuky gimnazisty.
Visgi berniuky adaptacijos, poziiirio { kitus, emocinio komforto, internalumo, dominavimo lygiai aukStesni negu
mergai¢iy. Gimnazis¢iy mergaiciy saves vertinimas yra aukstesnis negu berniuky gimnazisty, taciau statistiSkai
patikimo skirtumo nenustatyta.

RaktaZodZiai: savijauta (adaptacija) mokykloje, emocinis komfortas, problemy vengimas.
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COMPARATIVE ANALYSIS OF FEMALE ELITE
BIATHLETES’ SPORTS RESULTS IN WORLD CUP
COMPETITIONS BEFORE THE WORLD CHAMPIONSHIP
AND DURING THE WORLD CHAMPIONSHIP IN THE
SEASON OF 2010-2011

Natalja Ko&ergina, Algirdas Cepulénas, Aurelijus Zuoza
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

Research background and hypothesis. Modern training trend for biathletes is the increasing intensity of the
training process in competition activities. Competition activities of elite biathletes while preparing for the main
competition of the season have received little attention by researchers. Research hypotheses: The number of starts
and sports results in the competitions before the main competition of the season for elite biathletes are related to
sports results in the main competition of the season.

Research aim was to analyse the interaction of biathletes’ sports results and the number of starts, and to
establish the relation of this interaction between the results achieved in World Cup competitions and World Biathlon
Championship.

Research methods. The data have been retrieved from the documents of the International Biathlon Union (IBU):
protocols of the World Biathlon Championship of 2011 and World Biathlon Cup competition. We analysed the sports
results of female biathletes who took the 15—10™ places in the World Biathlon Championship in individual events.

Research results. World elite biathletes participated in E.ON and IBU category competitions 16.2 + 3.74 times
before the World Biathlon Championship. The number of starts correlates with the places taken by biathletes in the
general account of the World Biathlon Cup before the world championship (r =—0.83). In the individual races in the
World Championship, all medals were won by eight skiers, and five of them were among the first ten skiers in the
general standing of World Cup competitions before the world championship.

Discussion and conclusion. The preparation of elite biathletes for the most important competition of the season —
World Biathlon Championship is grounded on the repeated participation in the World Biathlon Cup competitions.
Biathletes, taking the 15—10" places in the general account of the World Biathlon Cup, are real applicants for medals
in the World Biathlon Championship.

Keywords: number of starts, taken places, correlation, sprint, pursuit, mass start, individual start.

INTRODUCTION

in competitions and the loads of competitive

activities improve the body adaptation to
competitive activities (Pustovrh et al., 1995;
Suslovas, 1999; Ilnaronos, 2004). For some elite
athletes in cyclic branches of sport competitive
loads become the loads of special athletic training
in the period of competitions. During the last 10-15

In the period of competitions, participation

years athletes’ results have been rapidly improving
due to the increase in the number of competitions
in the competition calendar in that branch of
sports, but because of frequent participation in
the competitions, the leaders of the season cannot
achieve the results which were planned for them
in the main competitions (Olympic Games, World
Championships) (Cycnos, 2002; [Tnaronos, 2009).
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In biathlon skiing races, predictions are confirmed
only in 20-25% of cases (Ilmaronos, 2009). The
competition result in biathlon depends on the time to
cover the skiing distance and on accurate shooting.
During the competition, biathletes are affected
by external factors (competition environment,
competitors, spectators, weather conditions, and
the terrain of the ski slopes) and internal factors
(tension, anxiety, joy, fear). Those irritants cause
psychological reactions which improve or worsen
the final outcomes (Schmolinsky, 2000). It is
very difficult to evaluate the influence of athletes’
athletic fitness component on their results in the
competitions (Cholewa et al., 2005).

Modern training trend for biathletes is the
increasing intensity of the training process in
competition activities, individual optimization
of competition activities according to individual
training plan for the most important competition
of the season — World championship (Cholewa et
al., 2005; Ilpeobpaxenues, 2007). Competition
activities of elite biathletes while preparing for the
main competition of the season have received little
attention by researchers.

Research aim was to analyse the interaction of
biathletes’ sports results and the number of starts,
and to establish the relation of this interaction
between the results achieved in World Cup
competitions and World Biathlon Championship.
Research object — indices of competition activities
of biathletes who took the 110" places in the
World Biathlon Championship of 2011.

RESEARCH METHODS

The data have been retrieved from the
documents of the International Biathlon Union
(IBU): biathletes’ results in the competition
of E.ON IBU category, protocols of the World
Biathlon Championship of 2011 and World
Biathlon Cup competition (Biathlon'*, http:/www.
biathlonworld3.de.html). We analysed the sports
results of female biathletes who took the 18-10™
places in the World Biathlon Championship in
individual events. The research sample included
20 high-capacity world biathletes. The data
were processed applying Microsoft Excel 2003
programme and special statistical programme
SPSS 12.0 for Windows. We calculated arithmetic
means, standard deviations (SD), coefficients of
correlation (r). Regression analysis of the data was
performed.

RESEARCH RESULTS

In the season of 2010-2011 there were 19
individual biathlonraces inthe women’s programme
in the World Biathlon Cup competition before the
beginning of the World Biathlon Championship:
11 of them were middle and long distance races
(pursuit — 10 km, individual start — 15 km, mass
start — 12.5 km) and eight sprint competitions —
7.5 km. The first biathlete in the general account of
the World Biathlon Cup competition was German
biathlete H. A. She participated in competitions
19 times. In the World Biathlon Championship
Biathlete H. A. did not win any medal in individual
events, and her best result was only the fourth place
in 10 km pursuit race. In other distances she took the
13, 20™, and the 46 places (Table). In the World
Biathlon Championship the best biathlete was M. K.
who won two gold medals and one silver medal.
Before the world championship she participated in
competitions 17 times and in general she was in the
fifth place. It is interesting to note that biathletes
B. T. and S. V. won silver and bronze medals in the
World Biathlon Championship, but in the general
account of World Biathlon Cup competition they
took only the 18" and the 19" places, and before
that they had participated in competitions 19 and
14 times. World elite biathletes participated in
E.ON and IBU category competitions 16.2 + 3.74
times before the World Biathlon Championship.
The number of starts correlates (Figures 1, 2 and
3) with the places taken by biathletes in the general
standing of the World Biathlon Cup before the
world championship (r = —0.83), the places taken
in the general standing of pursuit races (r = —0.75),
and sprint (r = —0.57). In the individual events in
the World Biathlon Championship the medals were
won by biathletes who had taken the 2, 3, 4,
5t 6t 18™, and 19" places in the general standing
of World Biathlon Cup. Research results suggest
that the number of starts in different distances
in the World Cup competitions is related to the
places taken by biathletes in the classification
standing of those distances. Correlations between
biathletes’ taken places in different distances
in World Cup competitions before the World
Biathlon Championship and the places taken in
the World Biathlon Championship are given in
Figures 4 and 5 .The places taken by biathletes
in the World Cup competitions (in all distances)
correlate with the 1-10™ places taken in the World
Biathlon Championship: with the places in pursuit
competitions r = 0.70, and with the places in sprint
r=0.20 (Figures 6 and 7).
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Figure 1. Relationship between biathletes’ places

in the general standing in the Biathlon World
Cup competitions before the World Biathlon 207
Championship and the number of their starts in R Sq Linear = 0.684
‘World Cup competitions = -0.83
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Figure 2. Relationship between biathletes’ places in the
general standing in the Biathlon World Cup pursuit
races before the World Biathlon Championship and
the number of their pursuit starts in World Cup 57 o™ o °
competitions
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Figure 3. Relationship between biathletes’ places
in the general standing in the Biathlon World Cup
sprint competitions before the World Biathlon
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Figure 4. Relationship between biathletes’ 1510
places in the individual start competitions in World
Biathlon Championship and the places taken in
the general standing in the Biathlon World Cup
individual competitions before the World Biathlon
Championship

Figure 5. Relationship between biathletes’ 110"
places in the general standing in the Biathlon World
Cup sprint competitions before the World Biathlon
Championship and the places taken in sprint in the
World Biathlon Championship

Figure 6. Relationship between biathletes’ 1310
places in the pursuit competitions in the World
Biathlon Championship and the places in the
general standing in the Biathlon World Cup
competitions in all distances before the World
Biathlon Championship and the places taken in
pursuit
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Figure 7. Relationship between biathletes’

places in the general standing in the
Biathlon World Cup competitions in 207
all distances before the World Biathlon
Championship and places taken in sprint
in the World Biathlon Championship
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Place in World Championship
W
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R Sq Linear = 0.041
o r=0.20
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DISCUSSION

In biathlon the time of the run includes the
time the biathlete spends on the course without
the time spent for shooting. The most important
factor influencing running time includes the level
of physical fitness as well as technical and tactical
preparation (Cholewa et al., 2005).

Because of the complexity of tasks in the
biathlon, achieving a world class level by a talented
athlete requires 8—12 years of systematic training
aimed at developing a high level of physical and
psychomotor fitness as well as great skiing and
shooting skills (Rundel, Szmedre, 1998; Rygula,
2002). It is evident that creating proper external
conditions allows for the development of the internal
potential of a particular athlete, which guarantees
the achievement of world class results (Rundell,
Bacharach, 1995).

Good sports shape of an athlete is related to
the appropriately chosen number of starts and their
distribution in the mesocycles of the competition
period (Bompa, 1999; Suslovas, 1999; [1naToHos,
2009). Appropriately planned competitions
considering the terms of relevant competitions help
acquire the sports shape (Ilmatonos, 2009).

Research results (Table) show that female
biathletes who won medals in the World Biathlon
Championship had participated 14-19 times in
biathlon competitions before the championship.
Biathlete N. M. having won two gold and one
silver medals had 15 starts before the beginning of

the championship. Elite biathletes are universal,
and they participate in sprint, individual start,
mass start and pursuit races. The majority of elite
biathletes did not participate in any competition
19 days before the beginning of the World
Championship E.ON IBU category competitions
(Table).

The strategy of biathletes’ preparation for the
world championship corresponds to the approach
of sports training periodization (ILitatonos, 2009)
stating that frequent participation in competitions
before the main competition of the season requires
a special preparation phase for the main starts.
Before the beginning of the world championship,
elite biathletes participated in the competitions
of different distances: sprint — 7.05 £ 1.32 times,
pursuit — 4.10 & 1.12 times, individual start races —
2.89 £+ 0.32 times, mass start races — 2.71 £ 0.59
times (Table).

The correlations between biathletes’ places
in the general standing in the Biathlon World
Cup competitions in different distances before
the World Biathlon Championship and the places
taken in the same distances in the World Biathlon
Championship are weak — in individual start
competitions 0.37, in sprint they are higher —
0.58. We established that the 1°-10™ places taken
by biathletes in the general classification (in all
distances) during the World Cup competitions
before the championship strongly correlated
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(r = 0.70) with their places in pursuit competitions
in the World Championship.

In the World
Championship, all medals were won by eight skiers,
and five of them were among the first ten skiers in

individual races in the

the general standing of World Cup competitions
before the world championship. It is worth noting
that in the 15 km individual start competition,
the fourth pace was taken by S. N. who was only
29 in the general classification before the World
Championship. We suggest that biathletes who
have taken the 1-10™ places in the general standing
in the Biathlon World Cup competitions are real
applicants to win medals in the World Biathlon
Championship.

CONCLUSION AND
PERSPECTIVES

The preparation of elite biathletes for the
most important competition of the season —
World Biathlon Championship is grounded on
the repeated participation in the World Biathlon
Cup competitions. The places taken in the general
standing of the World Biathlon Cup are the indices
of biathletes’ mastery and stability. Biathletes,
taking the 1*-10"™ places in the general standing
of the World Biathlon Cup, are real applicants for
medals in the World Biathlon Championship.

Modern training trend of elite biathletes is the
individual optimization of competition activities
according to individual training plan for the most
important competition of the season.
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ELITO BIATLONININKIU SPORTINIU REZULTATU PASAULIO
TAURES VARZYBOSE IKI PASAULIO CEMPIONATO IR
REZULTATU CEMPIONATE LYGINAMOJI ANALIZE
PER 2010-2011 M. SEZONA

Natalja Kocergina, Algirdas Cepulénas, Aurelijus Zuoza
Lietuvos kiino kultiros akademija, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Elito biatlonininky Siuolaikiné treniravimo kryptis — treniravimo vyksmo
intensyvinimas per varzybing veikla. Elito biatlonininkiy varzybiné veikla rengiantis pagrindinéms sezono
varzyboms dar mazai tirta. Tyrimu tikrinama hipotez¢é, kad elito biatlonininkiy starty skai€ius ir sportiniai rezultatai
iki pagrindiniy sezono varzybuy turi saveikos ryS$iy su sportiniais rezultatais pagrindinése sezono varzybose.

Tikslas — iSnagrinéti elito biatlonininkiy sportiniy rezultaty saveika su starty skai¢iumi ir nustatyti saveikos rysi
tarp rezultaty, pasiekty Pasaulio taurés varzybose iki pasaulio Cempionato ir rezultaty pasaulio biatlono cempionate.

Metodai. Duomenys paimti i§ Tarptautinés biatlono federacijos (IBU) dokumenty: 2011 m. pasaulio biatlono
¢empionato varzyby protokoly, Pasaulio biatlono taurés varzyby dokumenty. Analizavome sportinius rezultatus
biatlonininkiy, kurios pasaulio biatlono c¢empionate individualiose rungtyse uzémé 1-10 vietas.

Rezultatai. Pasaulio elito biatlonininkés iki pasaulio cempionato dalyvavo 16,2 + 3,74 karty E.ON bei IBU
kategorijos varzybose.

Starty skaicius turi koreliacijos ry$iy su biatlonininkiy uzimtomis vietomis Pasaulio taurés varzyby bendrojoje
iskaitoje iki pasaulio ¢empionato pradzios (r = —0,83). Per pasaulio cempionata individualios programos lenktynése
visus medalius laiméjo aStuonios biatlonininkés ir i§ juy penkios Pasaulio taurés varzyby bendrojoje iskaitoje iki pasaulio
¢empionato pradzios buvo pirmajame deSimtuke.

Aptarimas ir isvados. Pasaulio elito biatlonininkiy pasirengimas svarbiausiam sezono startui — pasaulio
¢empionatui pagristas daznu dalyvavimu Pasaulio biatlono taurés varzybose. Biatlonininkés, Pasaulio biatlono
taurés varzyby bendrojoje iskaitoje uzimancios vietas pirmame deSimtuke, yra realios pretendentés laiméti medalius
pasaulio ¢empionate.

Raktazodziai: starty skaiCius, uzimtos vietos, koreliacija, sprintas, persekiojimo lenktynés, masinis startas,
individualus startas.
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SHOOTING PARAMETERS OF BIATHLETES IN VARIOUS
AGE GROUPS IN 2011-2012 WORLD CHAMPIONSHIPS

Lina Kreivénaiteé
Lithuanian University of Educational Sciences, Vilnius, Lithuania

ABSTRACT

Research background and hypothesis. Physical fitness problems in biathlon are quite extensively discussed, but
biathlon shooting in Lithuania is not analyzed enough. The special literature lacks information about the shooting
parameters that leaders demonstrate in the world biathlon championships. Moreover, shooting parameters in different
age and gender groups have not been analyzed enough. The hypothesis that shooting parameters in adult, youth and
junior age group biathletes would differ was tested.

Research aim. The aim of our study was to analyze shooting parameters of biathletes in various age groups in
2011-2012 world championships and reveal fundamental differences in the aspects of age and gender.

Research methods. Research participants were youths (age: 17-18 years), juniors (age: 19-20 years) and adults
(age: 21-41 years), male and female biathletes. The number of subjects was 2175. Descriptive statistical methods
were used for data analysis.

Research results. Data analysis revealed the main differences in shooting parameters between adult, junior and
youth groups, male and female biathletes. Also, comparison of shooting parameters between biathletes in various age
groups and leaders in the same group was carried out.

Discussion and conclusions. Our research revealed that the highest shooting accuracy was observed in adult
male and female biathlete groups (p < 0.025). The shooting accuracy of junior and youth female biathletes was
higher than that in the junior and youth male groups (p < 0.05). The longest average shooting time was in youth
group (p < 0.001). The shooting time of biathletes in adult group was the shortest. We found that male biathletes in
various age groups performed shots in less time compared to female biathletes (p < 0.05). Research results revealed
that shooting parameters among leaders statistically significantly differed comparing them with the average shooting
parameters in the group (p < 0.05).

Keywords: biathlon, shooting accuracy, shooting time.

INTRODUCTION

iathlon is complex winter sport which
Bcombines cross-country skiing with rifle

marksmanship. Cyclical cross-country load
in biathlon combines with acyclic actions in the
fire range which requires complicated movement
coordination (Péhlmann, 1986). It is known that
skiing time has bigger influence on final result in
comparison with shooting efficiency in biathlon
(Cholewa et. al., 2005). However, final competition
results and success in biathlon are decided not only
upon the ability to ski fast but also the ability to
shoot accurately (Skernevicius et al., 2005). Also, a

biathlete makes big difference being able to change
in competition in skiing — shooting activities and
control psychical tension, especially in a shooting
range (Copoxkuna, 2010).

Shooting in biathlon is a complicated motor
activity which requires position stability, high
concentration and psychomotor skill levels with
preliminary rapid preparation actions to assure fast
and accurate shooting in both positions. Moreover,
shooting in biathlon is highly influenced by various
internal and external factors. The main internal
factors are psychophysical, technical, tactical and
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psychological. The main external factors are social,
climatic and factors which are related to sports
equipment (Hofman et al., 1992; Nitzsche, 1998;
Grebot et al., 2003; Sattlecker et al., 2006; Grebot,
Burtheret, 2007). Only a few studies have been
directed towards shooting tasks in biathlon which
mainly are concerned with physiological factors.
From a scientific point of view it is important to
analyse statistically the results of shooting obtained
during recent world biathlon championships.

RESEARCH METHODS

Research was carried out by analysing official
protocols of youth, junior and adult biathletes’
shooting parameters in 2011-2012 world biathlon
championships. The shooting parameters analysed
were shooting accuracy (%) and shooting time (s).

For data analysis we chose biathletes who were
participating in youth (age: 17-18 years) 691, junior
(age: 19-20 years) 545 and adult (age: 21-41 years)
939 groups, men and women. They were named
as subjects. The overall number of subjects in our
study was 2175.

The study was accomplished by analysing
official protocols of youth, junior and adult biathlon

world championships in 2011-2012 year (www.
biathlonworld.com, www.Hora2000.com).

Statistical analysis. All the data were
expressed as average (x), standard error (Sx),
standard deviation (S) and variance (V) of the
mean. Hypothesis concerning the difference
between means was verified using Stjudent ¢ test
for independent and dependent variables. The
difference between the means was regarded as
statistically significant when error probably with
respect to criteria was p < 0.05.

RESEARCH RESULTS

Data analysis revealed that overall shooting
accuracy of adult female group amounted to
76.8%. The shooting accuracy of biathletes in
junior female group was 71.8%, while for woman
in the youth group — 70.6%. Testing shooting
accuracy in various age male groups educed that
adult biathletes reached 77.4% shooting accuracy.
Also, shooting accuracy of junior male biathletes
was 70.4%. Biathletes in youth male group reached
67.3% of the shooting accuracy level (Table 1).

The analyses of the results of shooting time
revealed that adult women biathletes spent on

Table 1. Shooting accuracy of .
various age groups, men (M) and Age group Youth Junior Adult
women (W), in prone and stand Gender M w M W M w
ositions >
P Average of leaders 87.5 | 88.8* | 917 933 | 922* | 958
accuracy (%)
Sx 1.3 1.0 2.1 1.5 1.1 1.0
Note. Sx - standard error, S 2.2 2.8 3.6 2.6 3.2 3.1
S —standard deviation, V —variance
of the mean; * — Biathletes who v 25 32 3.9 2.8 3.5 3.2
achieved [*-8" places in youth Average of group accuracy 67.3 70.6 70.4 71.8 77.4 76.8
women and adult men groups were (%) ) ) ) ) ) )
considered as leaders. In other Sx 1.4 15 1.4 1.4 1.2 1.2
groups leaders’ results calculation
was based on data from biathletes S 225 22.1 19.6 20.2 17.9 18.8
who took 1*-3" places. 33.4 31.2 28.4 28.5 23.2 24.8
Table 2. Shooting time of .
various age groups, men (M) Age group Youth Junior Adult
and women (W), in prone and Gender M w M w M w
stand positions ; ; :
Shooting time in prone |, 4 455 39.8 418 34.7 37.9
position (s)
Sx 0.8 0.9 0.7 0.7 0.4 0.4
S 7.7 7.6 6.1 5.4 4.9 4.7
\' 18.2 16.7 15.4 13.1 14.1 12.5
Shooting time instand 575 | 413 | 347 | 309 | 314 | 349
position (s)
Note. Sx - standard error, Sx 0.6 0.8 0.5 0.7 0.4 0.4
S — standard deviation, V — S 6.3 6.8 4.9 5.5 4.7 3.9
variance of the mean. 16.9 16.3 14.1 13.9 14.9 11.3
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average 36.4 s for a shot. Average shooting time
of junior women biathletes was 40.8 s. Also, youth
women group reached the average shooting time of
43.4 s. The data analysis of men group biathletes’
shooting time showed that adult biathletes spent
33.1 s on shooting. Also, the analysis revealed that
biathletes in junior male group demonstrated the
shooting time of 37.3 s and youth male biathletes
performed shots in 39.8 s (Table 2).

DISCUSSION

Scientists M. D. Hoffman et al. (1992),
M. D. Hofman ansd G. M. Street (1992), K. Rundell
and D. Bacharach (1995), B. Paugsachova (2000),
F. Manfredini et al. (2002), J. Cholewa et al.
(2005), B. Paugsachova et al. (2010) claim that the
final result of the competition mostly depends on
V0,max and upper body muscle power of biathlete
in skiing event, also shooting accuracy and time in
shooting event. The study of J. Cholewa et al. (2004)
obtained results which clearly indicated a decrease
in the level of efficiency in shooting parameters in
biathlon in the seasons of 1997-2003. However,
K. Nitzsche’s (1998) research on the shooting
parameters in 1969-1996 seasons determined
that the shooting parameters had a tendency to
increase. Our study agrees with the previously
mentioned thesis that success in shooting event is
highly influenced by shooting accuracy and time
because our data analysis revealed that biathletes
who occupied leader positions demonstrated
significantly higher shooting accuracy levels and
shorter shooting time than their group on average
(p <0.05) (Table 1, Figure 4).

The analysis of the research results showed that
shooting parameters between various age group

biathletes had statistically significant differences.
Research revealed that the shooting accuracy in
prone position was significantly higher than that
in stand position among various age group women
biathletes (p < 0.01). Biathletes in adult women
group showed a significantly better average
shooting accuracy than junior (p < 0.025) and
youth group women (p < 0.005), in both prone and
stand shooting positions. Moreover, the shooting
accuracy in stand position of junior women group
biathletes was significantly higher than that of
youth biathletes (p < 0.05) (Figure 1).

The results obtained during the study showed
that shooting accuracy in prone position was
significantly higher than that in stand position
among various age group men biathletes. Average
shooting accuracy of adult men biathletes was
significantly higher than that of junior (p < 0.005)
and youth men biathletes (p < 0.001). Also, the
analysis revealed that junior men group biathletes
demonstrated higher average shooting accuracy
than youth biathletes (p < 0.05) (Figure 2).

Results of A. Kryl (1987) and M. 1. Shykunov
(IukyHoB, 1987) research revealed that average
shooting time of adult group biathletes was
32.5 s £ 0.36 in prone and 30.2 s &+ 0.24 in stand
position. The analysis of our study established that
the average time spent in shooting of biathletes
in adult group was 36.3 s £ 0.4 was in prone and
33.2 s + 0.4 in stand position (Figure 3). Although
our data analysis revealed that shooting time was
insignificantly longer than that in previous research
of A. Kryl (1987) and M. 1. Shykunov (IllukyHoB,
1987) it showed that shooting time was important
for success in shooting event.

Our study showed that the longest shooting time
was determined in youth group, while adult group

Figure 1. Shooting accuracy of various
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Figure 2. Shooting accuracy of
various age group men biathletes, O Youth B Junior M Men
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Figure 4. Average shooting time
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biathletes demonstrated the shortest shooting time
(p < 0.001). Adult male group showed the shortest
average shooting time in both stand (31.4 s) and
prone (34.7 s) positions. We found that male
biathletes in various age group showed shorter
shooting time than women biathletes in various
age groups (p < 0.005) (Figure 3). We observed a
tendency that shooting time in prone position was
longer than that in stand position (p < 0.05).

We comparedtheshootingtimeresultsinvarious
age groups with the shooting time of leaders in the
same groups. We found that biathletes who took
award winning places demonstrated significantly
shorter shooting time than of the biathletes in their
groups (p < 0.05). Average shooting time of leaders
in adult men and women group were 30.9 s + 1.1 in
prone and 29.3 s + 0.9 in stand positions (Figure 4).
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Some scientists (Pustovrh et al., 1995; Cholewa
et al.,, 2004; Cholewa et al., 2005; Sattlecker et
al., 2006) found no shooting significance to final
competition results. However, our research revealed
the tendency that the shooting time of biathletes
who took leader places had significantly differed
from the average shooting time of their group. This
difference was most distinct in junior and youth
groups.

Our research results suggest that shooting
parameters in modern biathlon are becoming
increasingly important. However, there is no
information how to evaluate shooting parameters.
For this reason, further studies should be carried
out to construct reference assessment scales for
shooting parameters.

CONCLUSIONS AND
PERSPECTIVES
1 The highest shooting accuracy was

determinate in adult male and female groups of
biathletes. The average shooting accuracy level
between youth and junior groups did not differ
statistically significantly.

2. The longest average shooting time was in
youth group. The shortest time of shooting was
observed in adult group of biathletes. The shooting
time of men in various age groups was shorter than
that of women in the same group.

3. Shooting parameters of leaders in various
groups were significantly better than the group
average.
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SKIRTINGU AMZIAUS GRUPIU BIATLONININKU
2011-2012 METU PASAULIO BIATLONO CEMPIONATU
SAUDYMO RODIKLIAI

Lina Kreivénaité
Lietuvos edukologijos universitetas, Vilnius, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Biatlonininky fizinio parengtumo problemos yra gana placiai iSnagrinétos, taciau
biatlono Saudymo klausimai Lietuvoje néra analizuoti. Specialiojoje pasaulingje literatiiroje tritkksta informacijos apie
tai, kokiy Saudymo rodikliy pasiekia pasaulio biatlono ¢empionatuose lyderiy pozicijas uzimantys biatlonininkai.
Saudymo rodikliai neiganalizuoti ir skirtingy amziaus grupiy bei ly¢iy pozidiriu. Tyrimu tikrinama hipotezé, kad
suaugusiyjy biatlonininky Saudymo rodikliai skiriasi nuo jaunimo ir jauniy amziaus grupiy biatlonininky.

Tikslas — iSanalizuoti suaugusiyjy, jaunimo ir jauniy biatlonininky 2011-2012 mety pasaulio ¢empionaty
Saudymo rodiklius ir juos palyginti lyties bei amziaus poziiiriu.

Metodai. Duomeny analizei pasirinkti jauniy (amzius: 17-18 m.), jaunimo (amzius: 19-20 m.) ir suaugusiyju
(amzius: 21-41 m.) grupiy biatlonininky Saudymo rodikliai. Analizuoti tokie Saudymo rodikliai: laikas ir taiklumas.
Steb¢jimo vienety kiekis 2011-2012 m. —n = 2175. Duomeny analizei atlikti taikyti matematinés statistikos metodai.

Rezultatai. Nustatyti suaugusiyjy, jaunimo ir jauniy amziaus grupiy biatlonininky Saudymo rodikliai buvo
palyginti ly¢iy bei amziaus poziiiriu. Taip pat palyginti skirtingo amziaus biatlonininky Saudymo rodikliai su
atitinkamoje grupé¢je lyderiy pozicijas uzémusiy biatlonininky Saudymo rodikliais.

Aptarimas ir iSvados. Nustatyta, kad biatlonininkiy motery Saudymo taiklumas jauniy ir jaunuoliy amziaus
grupése yra didesnis nei atitinkamos grupés biatlonininky vyry (p <0,05). Suaugusiyjy grupiy biatlonininky taiklumas
didesnis nei jaunimo ir jauniy (p < 0,025). Saudymo laiko vidurkis ilgiausias jauniy amziaus grupéje. Suaugusiujy
grupés biatlonininkai SGvius atlieka per trumpiausia laiko tarpa (p < 0,001). Jauniy, jaunimo ir suaugusiyjy vyry
grupiy biatlonininky Saudymo laiko vidurkis yra trumpesnis nei motery atitinkamai (p < 0,05). Lyderiy pozicijas
i8kovojusiy biatlonininky Saudymo parametrai reikSmingai skyrési nuo atitinkamos grupés vidurkio (p < 0,05).

RaktaZodZiai: biatlonas, Saudymo taiklumas, Saudymo laikas.
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THE RELATION BETWEEN PHYSICAL ACTIVITY AND
HEALTH AMONG HIGHLY AND MODERATELY
ACTIVE STUDENTS
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Sariinas Klizas?, Vaidas Mickevi¢ius3

Kaunas University of Technology!, Kaunas, Lithuania

Lithuanian Academy of Physical Education’, Kaunas, Lithuania
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ABSTRACT

Research background and hypothesis. Lack of physical activity is influenced by a number of chronic non-
infectious, mental (Corbin et al. 2001; Golden et al., 2004) and other diseases (Katzmarzyk et al., 2003). Students’
physical activity and nutrition research remains relevant, especially for those students the future profession of which
is not related to physical activity and health.

Research aim. The aim of the study was to estimate the relation between physical activity and health among
highly and moderately active students.

Research methods. All the subjects (n=327) were grouped according to their physical activity levels. The group
highly physically active students — female athletes (n = 32) and male athletes (n = 79) who were physically active
more than 3000 minutes per week. The group of moderate physical activity included females (n = 47) and males
(n = 169) who were physically active 600—3000 minutes per week (Ainsworth, Levy, 2004). The respondents filled
in anonymous questionnaires: the International Physical Activity Questionnaire (IPAQ). The questions dealt with the
time being physically active in the last seven days. The survey took place in February—April, 2012.

Research results. The subjects in high physical activity group gave a subjective evaluation of their physical
activity as high (53%) and moderate (32%). The subjects in the moderate physical activity group evaluated their
physical activity as moderate (60%) and high (26%). All subjects in both groups indicated that their health was good.
The headache symptoms, stomach, abdominal or back pains, sadness, depression, insomnia and dizziness were rare
or not common at all to subjects in high (63%) physical activity group. Sadness, depression, nervous tension and
irritability, and bad mood were common to subjects in moderate (59%) physical activity group. The subjects in high
physical activity group had their meals three — four times per day (76%), but subjects in moderate group ate only
two - three times per day (61%). Irregular lunch and dinner were common to subjects in moderate physical activity
group (63%).

Discussion and conclusions. Research results showed that subjects in high and moderate physical activity
groups gave correct subjective evaluations of their physical activity forms. Also subjects in high physical activity
group had breakfast, dinner and supper on regular basis and they had balanced diets more often (p < 0.05).

Keywords: physical activity, health, nutrition.

INTRODUCTION

to a number of chronic non-infectious, (Shephard et al., 1999), diabetes (HU et al., 2003),
mental (Corbin et al. 2001; Golden et al., osteoporosis (Nguyen et al., 2000), cancers and
2004) and other diseases and premature mortality other diseases (Thune, Furbenger, 2001), high
(Katzmarzyk et al., 2003). It is known that low levels of physical activity help control body weight

l ack of physical activity (PA) is related levels of physical activity influence cardiovascular
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(Ross et al., 1998) and improve the quality of life
(Acree, 2006). According to the recommendations
of World Health organization (WHO), other health
relevant governmental and public organizations,
physical activity should last at least 30 minutes per
day. It is known that children should be physically
active no shorter than one hour per day (Harro et al.,
2006). Boys’ physical activity is usually higher than
that of girls (Harro et al., 2006). Physical activity
can be divided into shorter periods of time (shorter
than ten minutes), which has a positive effect health
(Corbin et al., 2001). Physical activity in Lithuania
was mostly studied as an integral part of lifestyle in
the field of biomedical and sociological research.
Physical activity of Lithuanian schoolchildren and
students was established as higher than the average
in the European Union. The project data showed
that leisure time activities including sports for at
least 30 minutes four or more days per week in
Lithuania increased since 1994, but in 2006 they
were only 23 percent (Pomerleau et al., 2000).
The study on health behaviors Lithuanian adults
showed that only very few patients admitted
that they were advised to increase their physical
activity by their doctor (6.9%) or other health care
specialists (1.6%), family members (24.1%), or
other persons (10.2%) (Pomerleau et al., 2000).
Studies have shown that even would-be medical
and public health professionals have unbalanced
diets, wrong eating habits and do not follow
nutritional guidelines. Established (Skémiené et al.,
2007), even 40.0% of first-year female and 54.7%
male doctors failed diet regimen. Not regularly
ate 29.5% of third-year females and 46.3% males.
R. Stucco and V. Dabravolskij (2009) for future
public health professionals showed that 89.5% of
males and 62.5% of girls fail to comply with dietary
treatment, the difference between sex and diet,
compliance is statistically significant. Students’
physical activity and nutrition research remains
relevant, especially if students’ future profession is
not related to physical activity or health. The aim
of the study was to estimate the relation of physical
activity and health among highly and moderately
active students.

RESEARCH METHODS

The subjects. The study included 327 students
of Kaunas University of Technology. All subjects
were grouped according to their physical activity

levels. High physical activity group involved
females athlete (n = 32) and male athletes (n = 79)
who were physically active more than 3000 minutes
per week. Moderate physical activity group
included females (n = 47) and males (n = 169) who
were physically active for 600—3000 minutes per
week (Ainsworth, Levy, 2004).

The questionnaire. The respondents got
anonymous questionnaires: the International
Physical Activity Questionnaire (IPAQ) — Short
Form (Ainsworth, Levy, 2004). The purpose of the
questionnaire survey was to obtain comparable data
on health related physical activity. The questions
dealt with the time being physically active in the
last seven days. The questionnaire was divided into
four parts according to physical activity: 1) vigorous
physical activity refers to activity which requires
much physical effort and makes breathing much
harder than normal; 2) moderate activity refers to
activity that requires moderate physical effort and
makes breathing somewhat harder than normal;
3) walking, which includes activities at work and
at home, walking to travel from place to place, and
any other kinds of walking for recreation, sport,
exercise, or leisure; 4) sedentary activity includes
time spent at work, at home while doing course
work and during leisure time, also time spent
sitting at a desk, visiting friends, reading, sitting
or lying while watching television. Following the
guidelines of the International Physical Activity
Questionnaire (IPAQ — Short and Long Forms,
2005), all respondents were grouped according to
their physical activity levels: high, moderate and
low physical activity. We also ascertained students’
nutrition habits and frequency, subjective health
assessments, complaints and the frequency of
visiting doctors.

Testing schedule. The anonymous
questionnaire survey was conducted in February—
April, 2012. The subjects were randomly selected
in Kaunas University of Technology. Before
completing the questionnaire, subjects were
explained the aim of the study and then they were
asked to fill in the questionnaire. The researcher
explained possible ambiguities. On average,
filling in the questionnaires took about 15
minutes. The data were processed and analyzed
using the statistical package SPSS 13.0. To check
the hypothesis chi-square (¥?) test was applied,
the statistical inference confidence level was
p <0.05.
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RESEARCH RESULTS

Female athletes admitted having vigorous
physical activities two - three 3 days per week,
male athletes — from three to five days per week.
Female students had vigorous physical activities
from one to three days per week, and males — from
two to five days per week. The difference was
statistically significant comparing the duration
values of female athletes and females in moderate
activity group (p < 0.05). The same significant
difference was found comparing the duration
values of male athletes and males in moderate
activity group (p < 0.05; Figure 1).

Female athletes admitted having moderate
physical activities up to two days per week, male
athletes — five days per week. Females were having
moderate physical activities from one to three days
per week and males — two 2 days per week. The
difference was statistically significant comparing
the duration values of female athletes and females
in moderate activity group (p < 0.05). The same

significant difference was found comparing the
duration values of male athletes and males in
moderate activity group (p < 0.05; Figure 2).

Female athletes indicated walking up to seven
days per week, male athletes — to seven days per
week. Females walked to seven days per week and
males — seven days per week (p < 0.05; Figure 3).

Female athletes indicated that they spent from
four to six hours per day sitting. Male athletes sat
from four to five hours per day. Females sat from
four to five hours per day and males — from one to
six hours per day (Figure 4). Females and males
in moderate of physical activity group spent time
more sitting than female and males athletes, the
difference was statistically significant (p < 0.05;
Figure 4).

The subjects in high physical activity group
subjectively evaluated their physical activity as
high (53%) and moderate (32%). The subjects in
moderate physical activity group subjectively
evaluated their physical activity as moderate (60%)
and high (26%). All subjects in both groups thought
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their health was good. The headache symptoms,
stomach or abdominal pain, back pain, sadness,
depression, insomnia and dizziness were rarely or
never occurring to subjects (63%) in high physical
activity group. Sadness, depression, nervous
tension and irritability, bad mood were common
to subjects almost every month in moderate (59%)
physical activity group. The subjects in high
physical activity group had meals three - four times
per day (76%), but subjects in moderate group ate
two - three times per day (61%). Irregular lunch
and dinner were common to subjects in moderate
physical activity group (63%).

DISCUSSION

Less physically active students get tired sooner
than physically active students and they are in poor
health (Bray, Bora, 2004). R. Proskuviené and
M. Cerniauskiené (2009) found that subjects rated

their health as good, but many of them admitted
having a lot of illness symptoms occurring over the
last few months. High levels of occupation and lack
of time during the studies have a negative impact on
students’ physical activity and nutrition. Our study
revealed that only one-fifth of Kaunas University
of Technology students characterized themselves
as highly physical active. S. Potelitiniené and co-
authors (2006) found that first year students did
not participate in regular physical activities, so it
is of high importance to increase their physical
activity and motivation to exercise. It is important
to eat every day at the same time and to eat not
fast (Skémiené et al., 2007). Students do not have
enough time to eat, their eating regime is disrupted
(Skémiené et al, 2007). While all first year
students and one third of fourth year students said
that their diets were healthy, just more than half
of the respondents admitted having breakfast and
dinner on regular basis. Other authors (Skémiené
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etal., 2007) also found that students had unbalanced
diets: taking too much fat. We found that students
regularly having breakfast, lunch and dinner were
those in higher physical activity group. They also
ate vegetables (p < 0.05), fresh fruits (p < 0.05)
more often and they had balanced diets (p < 0.05).
Our results were similar to those of other authors
(Kriaucioniené et al., 2009). They found that people
who followed healthy diet recommendations were
physically active as well.

CONCLUSIONS AND
PERSPECTIVES

Research results showed that subjects in high
and moderate physical activity groups gave correct
subjective evaluations of their physical activity
forms. Also subjects in high physical activity group
had breakfast, dinner and supper on regular basis
and they had balanced diets more often (p < 0.05).
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FIZINIO AKTYVUMO IR SVEIKATOS RYSYS TARP DIDELIO IR
VIDUTINIO FIZINIO AKTYVUMO STUDENTU
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SANTRAUKA

Byrimo pagrindimas ir hipotezé. Fizinés veiklos trikumas turi jtakos létiniy neinfekciniy, psichikos
(Corbin et al 2001; Golden et al., 2004) ir kity ligy atsiradimui (Katzmarzyk et al, 2003). Studenty fizinio aktyvumo
ir mitybos tyrimai islieka aktualiis, o ypac tiems studentams, kuriy ateities profesija néra susijusi su fizine veikla.

Tikslas — ivertinti didelio ir vidutinio fizinio aktyvumo studenty fizinio aktyvumo ir sveikatos rysi.

Metodai. Buvo tirta 327 Kauno technologijos universiteto studentai. Visi tiriamieji suskirstyti pagal fizinio
aktyvumo lygius. Didelio fizinio aktyvumo grupei buvo priskirtos moterys sportininkés (n = 32) ir vyrai sportininkai
(n =79), kuriy fizinis aktyvumas sudaré daugiau nei 3000 minuciy per savaitg. Vidutinio fizinio aktyvumo grupei
buvo priskirtos moterys (n = 47) ir vyrai (n = 169), kuriy fizinis aktyvumas sudaré¢ 600-3000 minuéiy per savaitg
(Ainsworth Levy, 2004). Respondentai gavo anoniminj klausimyna — 2005 m. Tarptautinio fizinio aktyvumo
klausimyno (IPAQ) gairiy trumpaja forma (Ainsworth Levy, 2004). Tiriamyjy klausta, kiek laiko jie buvo fiziskai
aktyviis per paskutines 7 dienas. Anoniminé anketiné apklausa atlikta 2012 mety vasario—balandzio mén.

Rezultatai. Didelio fizinio aktyvumo grupés tiriamieji ivertino savo fizini aktyvuma kaip dideli (53%) ir
vidutini (32%), vidutinio fizinio aktyvumo grupés tiriamieji — kaip vidutini (60%) ir dideli (26%). Abieju grupiy
tiriamieji {vertino savo sveikata kaip gera. Galvos, skrandzio ar pilvo, nugaros skausmus, liidesi, depresija, nemiga
ir galvos svaigima patiria retai arba niekados didelio (63%) fizinio aktyvumo grupés tiriamieji. Litidesi, depresija,
nerving jtampa ir dirgluma, bloga nuotaika beveik kiekvieng ménesi patiria vidutinio (59%) fizinio aktyvumo grupés
tiriamieji. Didelio fizinio aktyvumo grupéje tiriamieji valgo 3—4 kartus per diena (76%), vidutinio fizinio aktyvumo —
2-3 kartus per diena (61%). Nereguliariai pietauja ir vakarieniauja vidutinio fizinio aktyvumo tiriamieji (63%).

Aptarimas ir isvados. Didelio ir vidutinio fizinio aktyvumo grupiy tiriamieji subjektyviai pazyméjo, kad jie
yra pasirink¢ tinkama fizinio aktyvumo forma. Didelio fizinio aktyvumo grupés tiriamieji reguliariau pusryciavo,
pietavo ir vakarieniavo, taip pat dazniau derino maisto produktus nei vidutinio fizinio pajégumo studentai.

RaktazZodziai: fizinis aktyvumas, sveikata, mityba.
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INCONSISTENCIES OF FOOT TYPE CLASSIFICATION

Raminta Sakalauskaité', Danguolé Satkunskiené'
Lithuanian Academy of Physical Education’, Kaunas, Lithuania

Kaunas University of Technology’, Kaunas, Lithuania

ABSTRACT

Research background and hypothesis. Literature analysis shows that researchers try to determine which method
used for foot type estimation is the most reliable, and look for correlations between directly received foot measurements
(indexes, angles) ignoring assessment scales. Given different medial longitudinal arch (MLA) assessment scales, the
comparison, discussion and conclusions of the obtained data might be unreliable.

Research aim of this study was to determine the reliability of foot type classification: a) to assess correlation
links between results from various methods used to analyse foot; b) to identify foot type distribution according to

medial longitudinal arch.

Research methods. The MLA of 182 feet was assessed using four prevalent foot type evaluation methods:
the Chipaux-Smirak Index (CSI), the Staheli Index (SI), the Clarke angle (CLA) and arch index by D. S. Williams
(WALI). Pearson’s correlation was used to determine links between foot indexes.

Research results. Very strong link was found between CSI and SI footprint indexes, while medium negative
correlation was determined between Clarke angle with Chipaux-Smirak (CSI) and Staheli (SI) indexes. Average
amount of low arch foot assessed according to the foot type classification scales by the four methods was 64.0
(SD = 65.5), normal foot 92.25 (SD = 51.77) and high arch foot 25.75 (SD = 35.33).

Discussion and conclusion. Research showed that current foot arch classification was not reliable. The foot type
classification scales presented by F. Forriol, L. T. Staheli, N. M. Clarke and D. S. Williams define different medial
longitudinal foot arch distribution by testing the same pairs of feet despite the correlative link intensity between foot

arch indexes.

Keywords: footprint, foot arch, assessment scale.

INTRODUCTION

any methods are currently being used
Mto classify the medial longitudinal

foot arch (MLA). Literature review
shows that no general consensus exists on the
best method for foot type classification. Existing
methods are typically based on the measurement
of morphological parameters of the foot, mostly
in the standing weight-bearing position, or during
locomotion (Razeghi, Batt, 2002). Direct methods
for MLA height assessment include taking
radiographs, which provide a reliable method for
evaluating the structure of the foot during weight
bearing (Villarroya et al., 2009). Many research
laboratories do not have access to such methods,

therefore indirect methods that are used include
footprint analysis, which is still the most popular
method to analyse and assess the MLA (Cavanagh,
Rodgers, 1987; Staheli et al.,, 1987; Forriol,
Pascual, 1990; McCroy et al., 1997). However,
controversial findings are published in literature.
Some authors have reported that footprints are not
good indicators for determining foot type (Hawes
et al., 1992; Saltzman et al., 1995), whereas others
consider that it is a reliable technique (Cavanagh,
Rodgers, 1987; Staheli et al., 1987; Forriol, Pascual,
1990; McCroy et al., 1997).

Literature analysis shows that researchers
trying to determine which method used for
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foot type estimation is the most reliable, are
looking for correlation between directly received
foot measurements (indexes, angles) ignoring
assessment scales that classify foot arch into three
stages according to specific indications (normal,
high and low arch). In our opinion, even if some
of foot indexes correlate when applying various
foot type classification methods, the results might
be diverse. However, despite the method used the
determined foot arch type must be the same.

The aim of this research was to determine the
reliability of foot type classification: a) to assess
correlation links between results from various
methods used to analyse foot; b) to identify foot
type distribution according to medial longitudinal
arch.

RESEARCH METHODS

In our research, 182 feet of 91 subjects (44
female and 47 male) were measured to establish
a mean and standard deviation for a reference
population. The average age of subjects was
23.9 £ 5.1 years with an average weight of 74.5 +
11.5 kg. All subjects who took part in this study
were volunteers from a university population and
the surrounding community. None of the subjects
had lower-extremity abnormalities or injuries at
the time of measurement. Subjects were informed
about the course of the research. The National
Bioethics Committee reviewed and approved the
study protocol.

MLA was assessed using four prevalent foot
type evaluation methods: the Chipaux-Smirak
Index (CSI), the Staheli Index (SI), the Clarke angle
(CLA) and arch index by Williams (WAI).

Foot measurements were taken using footprints
and video recording. The footprints were used to
estimate the foot arch using three methods (CSI,
SI, CLA) and filming was used for the Williams
method (AI).

a weight-bearing position. For the analysis of the
CSI, SI and CLA, necessary lines were drawn with
a pencil and two rulers on the footprints following
the authors’ instructions (Clarke, 1933; Staheli et
al., 1987; Forriol, Pascual, 1990).

The Chipaux-Smirak Index (CSI) is the ratio
between minimal width of the medial longitudinal
arch area (b) and maximal width of the metatarsal
print (a). (b) is parallel to (a). CSI = b/a. Five
categories are described for the MLA classification
according to CSI-0% — foot with elevated arch;
0.1-29.9% — foot with a morphological normal
arch; 30-39.9% — intermediate foot; 40—44.9% —
foot with a lowered arch; 45% or higher — flatfoot
(Forriol, Pascual, 1990).

Figure 2. The Chipaux-Smirak Index (Onodera et al., 2008)

The Staheli Index (SI) is the ratio between
minimal width of the medial longitudinal arch area
(b) and maximal width of the heel print (c). (c) is
parallel to (b). SI = b/c. The MLA is classified as
follows: < 0.43 — high arch; 0.44 — 0.89 — normal;
> 0.90 — low (Staheli, 1997).

WE

Figure 1. A Globus Berkemann plate

Static footprints were taken from a standing
position on a Globus Berkemann plate, one leg in

Figure 3. The Staheli Index (Onodera et al., 2008)

For calculation of the Clarke’s angle (CLA)
the line “AC” was drawn between point A and the
apex of the concavity of the arch of the footprint
(point C). The CLA is the angle between lines
“AB” and “AC”. The MLA is classified as follows:
55° is overarched; 42-54° normal MLA; 31-41°
flattened; 30° and below is flatfoot (Clarke, 1933).
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Figure 4. The Clarke’s angle (Onodera et al., 2008)

Arch index by D. S. Williams (WAI) is
dorsum height (DORS) divided by arch length
(AL). Dorsum height was measured from the floor
to the top of the foot at 50% of foot length. Foot
length (FL) was measured from the most posterior
portion of the calcaneus to the end of the longest
toe. Arch length was measured from the most
posterior portion of the calcaneus to the center of
the first metatarsophalangeal joint. For Williams
method, arch height was measured with the digital
photographic method (Pohl, Farr, 2010). The MLA
is classified as follows: * 0.357 — high arch; 0.356—
0.275 —normal and < 0.274 is low MLA (Williams,
Mc Clay., 2000).

Figure 5. The Arch Index by D. S. Williams

The sagittal plane of foot placed in a weight-
bearing position was filmed with a digital video
camcorder Canon XM-1. Before filming four
markers were attached to the skin in the following
landmarks on the legs of each subject: 1) head of
the first metatarsal, 2) dorsum midpoint between
the most posterior portion of the calcaneus to the
end of the longest toe, 3) most posterior portion of
the calcaneus, 4) the end of the longest toe.

The fixed markers were manually digitized
using the software SIMI Motion. Foot length and
dorsum height were analysed from the side view.
To check the accuracy of the systems used, an error
analysis of point marking, repeated digitizing, and
foot dorsum height and foot length measurements
were conducted. The standard error of the relative
mean difference was also calculated (1.1%).

All calculated indexes were tested for
normality of distribution using SPSS 14 packet and
the Kolmogorov-Smirnov test.

Aiming at comparing the classifications
presented by different authors, the uniform
assessment scale was used: 1 — low MLA, 2 —
normal MLA, 3 —high MLA. The low, lowered and
intermediate arch heights were designated to group
1. The elevated and high arch types were appointed
to group 3 (Onodera et al., 2008). The number
of low, normal and high MLA was calculated
according to all scales mentioned above. Pearson’s
correlation was used to determine links between
foot indexes. The significance level was p < 0.01.
Mean and standard deviations of quantity of low,
normal and high arch foot were calculated.

RESEARCH RESULTS

The foot arch indexes calculated by each
selected methods were tested for normality of
distribution. Probability plots (Q-Q plots; “Q”
stands for quantile) of each variable are presented
in Figure 6. Q-Q plots show that all foot arch
indexes fit theoretical normal distribution. Only
Clarke’s angle does not match the test distribution
(Kolmogorov-Smirnov test: p < 0.05).

Table shows strong link between CSI and
SI footprint indexes, while medium negative
correlation was determined between Clarke angle
with Chipaux-Smirak (CSI) and Staheli (SI)
indexes.

Distribution of foot measurements according
to different methods used is provided in Figure 7.
Average amount of low arch foot assessed according
to the foot type classification scales by the four
authors was 64.0 (SD = 65.5), normal foot 92.25
(SD = 51.77) and high arch foot 25.75 (SD = 35.33).

WA
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Figure 6. Distribution of Q-Q
Plots of Williams, CSI, SI
indexes and Clarke’s angle

S

Note. The arch index by Williams
(WAI), the Chipaux-Smirak
Index (CSI), the Staheli Index
(SI), the Clarke angle (CLA).
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Table. Correlation between different foot indexes

WAI CSI SI CLA
Pearson’s Correlation 1
WAI - -
Sig. (2-tailed)
csI Pearson’s Correlation | -0.311" 1
Sig. (2-tailed) 0.000
Note. The arch index by Williams (WAI), the Pearson’s Correlation | -0.326" | 0.901" 1
Chipaux-Smirak Index (CSI), the Staheli Index (SI), St Sig. (2-tailed) 0.000 0.000
the Clarke angle (CLA). * — Correlation is significant CLA Pearson’s Correlation 0.152 -0.622" | -0.599" 1
at the 0.01 level (2-tailed). Sig. (2-tailed) 0.040 0.000 0.000
Figure 7. Feet distribution by the different
methods | = Low = MNonnal ®High
160 160
140
120
;_: 100 - 20 -g 34 85
:E 20 1
,?: 60 -
A0
13
20 1 m }1_: 12
, =[] )
Note. The arch index by Williams (WAI), the ' WAJ g CLA
Chipaux-Smirak Index (CSI), the Staheli Index (SI), ' Method ’ -
the Clarke angle (CLA). s

DISCUSSION

There are several methods to evaluate medial
longitudinal foot arch, therefore researchers, as well
as practitioners (orthopedists, physiotherapists),
often raise the question which one of the methods
should be used. Which one is the most reliable?
Which one is the most accurate? Do the results
of medial longitudinal arch evaluation differ
depending on the method used?

It is considered that the most accurate method
is to use X-rays, when usually two angles of the
foot evaluating foot arch are measured: between
the first metatarsal and the calcaneus inclination
(Saltzman et al., 1995). Aiming at determining the
reliability of footprint measurements, researchers
look for correlative links between footprint
and rentgenography indexes. U. Kanatli (2001)
alongside with other scientists identified a medium
correlative link between Staheli arch index (SI) and
foot lateral talo-first metatarsal angle rentgenogram.
A. M. Onodera et al. (2008) analysed children’s
feet at various ages and calculated the arch indexes
of Cavanagh and Rodgers (Al), Chipaux-Smirak
(CSI), Staheli (SI) and the Alpha (or Clarke) Angle
(AA). The indices showed clear and significant

correlations between each other (R above 0.75,
p < 0.001) except for SI and AA with AL In this
research correlation method was applied in order
to determine statistical link between different
indexes evaluating foot arch provided by various
measurement methods. The research showed that
the most correlative indexes were the ones from
footprint: there was a strong link between CSI and
SI and a medium correlative link between Clarke
angle and Chipaux-Smirak (CSI) and Staheli (SI)
index.

The D. S. Williams method (2000) is based on
the ratio of foot height and length; its reliability
was tested by C. L. Saltzman et al. (1995) using
the rentgenographic method. C. L. Saltzman et al.
(1995) determined a strong correlative link between
the ratio of foot arch height and length (h/l) and
foot arch X-ray measurements. The correlative
ratio between D. S. Williams’ method and footprint
measurements that we calculated in our research
showed a weak link between the markers used
to determine foot arch height. A. N. Onodera et
al. (2008) conducted research where feet were
evaluated according to different scales provided by
various research methods. Having compared the
number ofhigh, low and normal feet (numbers where
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obtained using different methods to compare the
same feet) they discovered a statistically significant
difference between Staheli (SI) and Chipaux-
Smirak (CSI) footprint evaluation methods: out
of 782 feet assessed to the CSI method normal
feet constituted 52.9%, high — 4.3%, and low —
42.9%, and according to the SI method normal
feet arches constituted 74.3%, high arches — 20%
and low feet arches — 5.7%. The results obtained
using CSI and SI methods in our research were
also different. According to the CSI method, low
arch feet were dominant and constituted 18.7%,
whereas high arch feet were absent. Meanwhile
the SI method showed that the dominant arch type
was normal (87.9%), low arch feet constituted 5.5%
and high arch — 6.6%. The results of our research
based on SI method had a similar distribution with
A. N. Onodera et al. (2008) analysis.

The results of Clarke and Williams methods
were rather similar, as the number of feet with
normal arch found using both methods were close
(according to Clarke method, feet with normal
arch constituted 46.7% and according to Williams
method — 49.5%). However, the number of low
and high arch feet were different. Based on Clarke
method, low arch feet constituted 46.2%, high
arch—7.1%; whereas according to Williams method,
the results where 7.7% and 42.8% accordingly.
Having evaluated the distribution of feet obtained
using all methods we can propose that the foot
type classification scales presented by F. Forriol,
L. T. Staheli, N. M. Clarke and D. S. Williams
define different MLA distribution by testing the
same pairs of feet.

Why was the distribution of foot arch type so
diverse using each analysis method and did not
correspond to normal distribution law, although
all, except H. H. Clarke’s angle, foot arch indexes
calculated by each selected methods were tested
for normality of distribution using Kolmogorov-
Smirnov test? Analysis of foot evaluation scales,
provided by the authors, has shown that they were

composed differently. For example, according to
the evaluation scale by Staheli, foot is considered to
be normal when the impression indexes distribute
between + 2 SD from average. According to
Chipaux-Smirak, the normal index is = 1 SD from
average, and according to Williams it is 1.5 SD.
Unfortunately, authors did not indicate what their
scales were based on. We believe that not the
indexes describing medial longitudinal arch but
the evaluation scales could have had the influence
on such a diverse number of foot with high, normal
and low arch.

A. N. Onodera’s (2008) children foot arch
research conducted using several methods showed
that the highest number of normal arch feet was
received using SI method. Author argued that it
was the result of criteria differences established by
each author when classifying MLA.

Since there are no parameters of a normal foot
structure and function, the establishment of the foot
type have to be based on mathematical statistics
using probability density function of the normal
distribution. According to the normal distribution,
the first quartile (that suffice low foot arch) cut off
the lowest 25% of data, the second quartile (normal
foot arch) cut data set in half (50% of data), and
third quartile (high foot arch) cut off the highest
25% of data. Our opinion is that if evaluation scales
are constituted according to normal distribution
of quartile, the number of feet measured using
different methods should conform.

CONCLUSIONS AND
PERSPECTIVES

Research showed that current foot arch
classification was not reliable. The foot type
classification scales presented by F. Forriol,
L. T. Staheli, N. M. Clarke and D. S. Williams define
different medial longitudinal foot arch distribution by
testing the same pairs of feet despite the correlative
links intensity between foot arch indexes.
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SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Analizuojant literatiira pastebéta, kad mokslininkai, norédami nustatyti, kuris
pédos vertinimo metodas yra patikimiausias nusakant pédos skliauto tipa, ieSko koreliacijos rysiy tarp tiesiogiai
iSmatuoty ar paskaiciuoty pédos rodikliy (indeksy, kampy), neatsizvelgdami i vertinimo skales. Turint skirtingas
pédos skliauto vertinimo skales, gauty duomeny iSvados ir interpretacijos gali biiti nepatikimos.

Tikslas — nustatyti pédos tipo klasifikavimo patikimuma: a) jvertinti koreliacijos rysi tarp pédos rodikliy, tirty
skirtingais metodais; b) nustatyti pédy pasiskirstyma pagal isilginio skliauto tipa.

Metodai. 182 pédy vidinis iSilginis skliautas buvo vertintas keturiais metodais: skai¢iuojamas Chipaux-Smirak
indeksas (CSI), Staheli indeksas (SI), Clarke kampas (CLA) ir skliauto indeksas pagal D. S. Williams (WAI). Tarp
indeksy ir kampo buvo skaiéiuotas Pirsono koreliacijos koeficientas.

Rezultatai. Labai stiprus koreliacijos rySys aptiktas tarp CSI ir SI pédos antspaudo indeksuy, o vidutinis neigiamas
rySys buvo tarp Clarke kampo ir Chipaux-Smirak (CSI) bei Staheli (SI) indekso. [vertinus pédos skliauta keturiais
metodais paaiskéjo, kad zemo skliauto pédy vidutiniskai buvo 64,0 £ 65,5, normaliy pédy — 92,25 £+ 51,77 ir auksto

skliauto pédu — vidutiniskai 25,75 + 35,33.

Aptarimas ir iSvados. Atlikus tyrimg nustatyta, kad pédos skliauto klasifikavimas yra nepatikimas. Nors
koreliacijos rySys tarp skirtingy metody rodikliy buvo stiprus, pédy pasiskirstymas pagal iilgini pédos skliauto tipa

buvo nevienodas.

RaktaZodziai: pédos antspaudas, pédos skliautas, vertinimo skalé.
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ARMED FORCES
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ABSTRACT

Research back ground and hypothesis. There is a basic military training course (BMT) carried out in the
Lithuanian Armed Forces. The aim of this course is to train soldiers for military service that they were able to perform
individual tasks and acquire basic military preparation. There is a lack of research dealing with the effect of physical
training programmes in military training courses on the changes in soldiers’ physical fitness. We hypothesize that in
the course of military training physical fitness of would-be soldiers improves.

Research aim was to analyse the structure and content of the BMT programme and the effect of its implementation
on the changes in physical fitness for would-be soldiers.

Research methods: literature review, analysis of military physical training programmes, physical fitness testing.

Research results. During the first testing only 26.8% of would-be soldiers achieved the standards of physical
fitness complex test, and during the second testing the standards of the complex test of physical fitness were achieved
by 89.5% of service people. In the period of the course VO,max and Roufier index improved (p < 0.001). Indices
of physical fitness and functional capacity improved more in the first half of the course. At the end of the course
the results of adapted military physical fitness of service people were worse compared to the results of their general
physical fitness.

Discussion and conclusions. The program of general physical training was effective, but more attention should
be paid to the improvement of adapted military physical fitness programme aiming at better results. During the basic
military training course physical fitness and functional capacity of candidates improved and at the end of the course
it reached the normative level of physical fitness.

Keywords: physical fitness, adapted military physical fitness, basic military course, testing.

INTRODUCTION

ilitary service requires good health and
Mphysical fitness for soldiers. Professional

military service admits persons who
meet the health requirements and who have fulfilled
the established physical fitness standards. There is
a_basic military training course (BMT) carried out
in the Lithuanian Armed Forces. The aim of this
course is to train soldiers for military service that
they were able to perform individual tasks and
acquire basic military preparation. The duration

of the course is 12 weeks. The programme of the
course has been developed on the basis of the Order
of the Minister of National Defence of the Republic
of Lithuania of 2008-07-28 No. 715, the Order of
the Commander of the Lithuanian Armed Forces of
2006-09-01 No.V-1137 and the Order of 2011-05-
20 No.V-505.

Physical training is one of main structural
parts of soldiers’ combatant training (Greicius et
al., 1998; Skrebé, 2000; Lietuvos gynybos politikos
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baltoji knyga, 2002).The analysis of physical
fitness of various army troop soldiers’ is a focus
of many scientific studies (Radziukynas, 1999;
Sokotowski, 2002; Gorski, 2007; Witkowski et al.,
2007; Dobosz, Swiercz, 2011). Only a minority of
the scientific studies analyse the problems related
to physical training of the Lithuanian professional
soldiers and the peculiarities of physical fitness
turn over of soldiers who represent different age
groups during their time of service (Vilkas et al.,
1994); Cepulénas, Klenauskas, 2002; Ivaskiene,
2003; Trinkiinas, 2009). Physical fitness and the
peculiarities of its changes during the BMT course
among the volunteering candidates for professional
military services in Lithuania have received
inadequate attention in research literature. The aim
of the research was to analyse the structure and the
content of the BMT programme and the effect of its
implementation on the changes in physical fitness
for would-be soldiers.

RESEARCH METHODS

The research sample included 250 persons
who participated in BMT course in 2011. BMT
course was carried out in the Training Regimen
of the Lithuanian Great Hetman Jonusas Radvila.
Physical fitness was assessed using the following
tests: bending and reaching arms in a lying position
for 2 min (times), test for abdominal muscle
strength on the Sit-ups for 2 min (times); endurance
test — 3000 m run (min, s). Functional capacity
was assessed by the indices of Roufier test and
maximal oxygen consumption (VO,max) which
was established indirectly, performing a step test
(Kariy fizinio rengimo metodinés rekomendacijos,
2003). The testing was carried out at the beginning
(testing 1), in the middle (testing 2) and at the end
of BMT programme (testing 3). Eight control tests
were performed: 8 km military march with 10 kg
outfit: military obstacle course, grenade throw
standing up, lying down, kneeling, and speeding
up, military self-defence first-level test, swimming
and overcoming obstacles in the water. Physical
fitness results in each exercise were evaluated in
points using the differentiated scale of evaluation
according to age and gender (Table). At the end
of BMT course would-be soldiers had to collect
no less than 60 points in each test. The data were
processed applying statistical programme SPSS 12.

for Windows. We calculated arithmetic means (X ),
standard deviation (£SD), Student (t) test criterion,
and index p for statistical significance. The level of
significance was set at 95% when p < 0.05.

RESEARCH RESULTS

The whole BMT course includes 645 hours.
BMT physical training programme had 120 hours.
According to the number of hours for each subject,
physical training occupied the second position after
tactical preparation, which had 248 hours. Physical
training course included physical training theory
(2%), general physical training (42%), and applied
military physical training (56%). General physical
training included learning correct performance
of physical exercises (4%), strength development
(23%), endurance development (25%), flexibility
development 18%); speed and agility development
(6%), testing physical skills (24%). Applied
military physical training programme included
technical training of overcoming military section
obstacles 13%), preparation for a military march
(6%), training military combat self-defence actions
(41%), training combat grenade throws (7%),
training military swimming 12%), applied military
physical training testing (21%).

During the first physical fitness testing
(Figure 1) only 26.8 % of would-be soldiers met the
standards of all three control tests (each exercise
was evaluated in no less than 60 points). The
testing showed that would-be soldiers had weak
abdominal muscles as the average point in sit ups
exercise was 56.1 points (Figure 2).

1007
907
807
707
607
507
40
30 - 26.8
207

i

89.5 873

Percent

10

Testing 1 Testing 2 Testing 3

Figure 1. Changes (percentage) in the performance of general
physical fitness complex test standards during the BMT course
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Table. Physical fitness
test scores in different
age groups

Bend.ing an(.i .reaching ar‘m sina Sit-ups 2 min, times 3000 m run, s
Age lying position 2 min, times
No rogu Those who Those who Those who | Those who | Those who | Those who
group scored 60 scored 100 scored 60 scored 100 scored 60 scored 100
points points points points points points
1 18-21 42 71 53 78 15:00 12:06
2 22-26 40 75 50 80 15:42 12:06
3 27-31 39 77 45 82 16:06 12:24
4 32-36 36 75 42 76 16:48 12:24
5 37-41 34 73 38 76 17:24 12:42
6 42-46 30 66 32 72 17:48 13:12
7 47-51 25 59 30 66 18:36 13:30
M Bending and reaching M Sit-ups 2 min 3000 m run ‘
91.0 93.8
. 81.3
100+ 785 79.0 (13.47) 815 14.13) (10.67)
90 67.3 (12.08)
801 614 501 1456
w 107 (13.23)(12 70)
£ 60" '
£ 50
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30
20
10 1
0 -
Testing 1 Testing 2 Testing 3
14 11.1
] 5.13
12 ( ) 83 8.6
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2107 (3.7) (3.5)
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S 4
o 4
2 -
0
Testing 1 Testing 2 Testing 3
£ 51.9 o
*% 60 454 (482 (5.46)
5 50 (5.20)
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8 < 40-
= o=
$E 30-
x &
S 20+
£
= 10
<
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Testing 1 Testing 2 Testing 3

Figure 2.
in general
fitness of soldiers
during the BMT
course according to
points (x£SD) for
each exercise

Changes
physical

Figure 3. Changes in
the indices of Roufier
test (x=SD) during
the BMT course

Note. * —p <0.001.

4.  Changes
oxygen

Figure
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course

Note. * —p <0.001.

con-
sumption indices (x £SD)
of soldiers during the BMT
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Figure 5. Results of
the performance of
adapted military phy- 100
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sical fitness standards il 87
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march throw

8 km Grenade Obstacle  Military combat ~ Obstacles

course in water

self-defense

The points were awarded according to the
subject’s age following evaluation scale. During the
tests they decreased to 87.8%. It can be explained
by the fact that at the end of BMT programme
the candidates were tired as their physical loads
increased due to testing in the applied military
physical training. Candidates to professional
military service demonstrated low indices (Figure
3, 4) of functional body capacity (poor Roufier test
and VO, max indices).

The results of applied military physical training
testing (Figure 5) at the end of BMT programme
were as follows: 98.5% of candidates carried out
8 km military march meeting the norms, 43% —
grenade throws, 87.3% — overcoming military
section obstacles, 60.5% — military combat self-
defence, 79.8 % — swimming and overcoming
obstacles in the water.

DISCUSSION

It is relevant to carry out tests of soldiers’
physical fitness as well as optimize their physical
training programs in accordance with the obtained
results. The first testing of would-be soldiers showed
that their physical fitness did not correspond to the
levels required for soldiers in professional military
service. The capacity of the cardiovascular system
of would-be soldiers was evaluated by the indices
of VO,max and Roufier test. At the beginning of
the course the VO,max indices (X ) of service
people amounted to 454 + 5.20 ml/min/kg, and
Roufier test index was 11.1 £ 5.13 relative units.
These indices showed satisfactory and poor level
(Kariy fizinio rengimo metodinés rekomendacijos,
2003).

Lack of physical activity is characteristic of
today’s schoolchildren, especially at the age of

17-18, and this directly impacts physical fitness
results of young men of military age (GreiCius
et al., 1998). Suitability for military service is
determined not only by the person’s health, but also
the indices of physical fitness and physical capacity
(Radziukynas, 1999; Skrebé, 2000).

During the second testing, which took place
in the middle of the course, the subjects showed
improved physical fitness results. The standards of
the complex test of physical fitness were achieved
by 89.5% of service people. Flexibility improved
most; its average point in 3000 m running was
91.0. Hand grip strength and abdominal muscle
power increased as well and it amounted to 78.5
and 79.0 points (Figure 2). We should note that the
improvement in the indices of physical fitness was
greater in the first half of the course. If we compare
the results of the second and the third testing,
we will notice that the improvement was not so
expressed. In the period of the course the VO,max
indices improved from 45.4 £ 5.20 ml/min/kg to
54.5 £ 5.46 ml/min/kg (p < 0.001), and Roufier
index improved from 11.1 £ 5.13 to 8.6 £ 3.5 relative
units (p < 0.001). Indices of functional capacity
improved more in the first half of the course.

Some authors (Trinktnas, 2009) suggest that
physical fitness is better of persons called to the
Army who are from villages, and not from the
cities, but during BMT course persons improve
their physical fitness more.

Testing of adapted military physical fitness
at the end of the course showed (Figure 5) that
the level of adapted military physical fitness of
service people was lower compared to the standard
requirements. As many as 53% of subjects failed
in grenade throw test, 38.8% — in military self-
defence, 10.5 % did not overcome obstacle course,
and 17.2% failed in overcoming obstacles in water.
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The performance of adapted military physical
fitness tasks requires learning new complex
movements and psychological stability in
performing them (Skrebé, 2001). The formation
and consolidation of technical skills require more
time. The performance of adapted military physical
fitness tasks is greatly affected by psychological
stress due to difficult conditions of performance
(Scahafer, 1992; Cox, 1994). Psychological tension
is expressed in inability to control one’s actions
(Masiulis, 2006). We suppose that due to those
factors the results of adapted military physical
fitness of service people were worse compared to
the results of their general physical fitness.

At the end of the course the results of adapted
military physical fitness of service people were
worse compared to the results of their general

physical fitness. Some persons failed in achieving
the standards of adapted military physical fitness.

CONCLUSIONS AND
PERSPECTIVES

The programme of general physical training
was effective, but more attention should be paid
to the improvement of adapted military physical
fitness programme aiming at better results.

Duringthebasic military training course physical
fitness of candidates improved and at the end of the
course it reached the normative level of physical
fitness. The majority of would be soldiers are still
unable to meet some of the normative requirements
of the applied military physical training.
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KANDIDATU ] LIETUVOS KARIUOMENES PROFESINE KARO
TARNYBA FIZINIS RENGIMAS

Aurelijus Savonis, Algirdas Cepulénas
Lithuanian Academy of Physical Education, Kaunas, Lithuania

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Lietuvos kariuomenéje vykdomi baziniai kariniai mokymai (BKM), kuriy
tikslas parengti profesinei karo tarnybai karius, gebancius atlikti nustatytas individualias uzduotis ir igyti pagrindini
karinj parengtuma. Truksta moksliniy tyrimy, nagrin¢janc¢iy baziniy kariniy mokymy fizinio rengimo programos
vykdymo poveiki kariy fizinio pajégumo kaitai. Keliama hipotezé, kad per bazinius karinius mokymus biisimyjy
kariy fizinis pajégumas geréja.

Tikslas — iSanalizuoti BKM fizinio kariy rengimo programos struktiirg ir turini bei nustatyti jos vykdymo
poveiki busimy kariy fizinio pajégumo kaitai.

Metodai.: literatiiros Saltiniy studija, baziniy kariniy mokymy fizinio rengimo programos analizé, fizinio
parengtumo testavimas.

Rezultatai. Per pirma testavima tik 26,8% busimyjy kariy ivykdé bendrojo fizinio parengtumo kompleksinio
testo normatyva, o per antra §{ normatyva ivykdé 89,5%. Per mokymy laikotarpi pageréjo (p < 0,001) maksimalaus
deguonies suvartojimo ir Rufjé indekso rodikliai. Fizinio parengtumo ir funkcinio pajégumo rodikliy pageré¢jimas
buvo didesnis per pirma mokymuy pusg. Baziniy kariniy mokymuy pabaigoje kursanty taikomojo karinio fizinio
parengtumo rezultatai buvo prastesni negu bendrojo fizinio parengtumo.

Aptarimas ir iSvados. Bendrojo fizinio rengimo programa buvo veiksminga, taciau reikéty atkreipti démesi {
karinio taikomojo fizinio rengimo programos tobulinimg siekiant geresniy rezultaty.

Per bazinius karinius mokymus biisimyjy kariy fizinis parengtumas ir funkcinis pajégumas pager¢jo ir jie
pasieke kursy pabaigai nustatyta fizinio parengtumo normatyvini lygi.

RaktaZodZiai: fizinis parengtumas, taikomasis karinis fizinis parengtumas, baziniai kariniai mokymai,
testavimas.
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PECULIARITIES OF CENTRAL AND PERIPHERAL
CHANGES AT ONSET OF DOSED AND MAXIMAL
EXERCISE TESTS

Biruté Zachariené, Jonas Poderys, Eugenijus Trinkuainas, Alfonsas Buliuolis
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

Research background and hypothesis. Since varying types of physical workloads activate different physiological
system activity at different degree, during dosed and maximal exercises the total effects can highlight the properties of
central and peripheral mechanisms and reveal significant synergies between the central and peripheral cardiovascular
processes.

Research aim was to determine the peculiarities of central and peripheral indices of cardiovascular system while
performing dosed and maximal exercise tests.

Research methods. Two groups took part in the study — sportsmen-sprinters (16) and sportsmen — endurance
group (11). The participants of the study performed Roufier exercise and 30 s maximal jump test with maximal
efforts. The 12-leads ECG was registered continuously and the changes of heart rate (HR), JT interval and ratio JT/
RR were analysed. Near-infrared spectroscopy was employed for continuous registration of the changes in oxygen
saturation (StO,) and arterial blood flow.

Research results. The results obtained during the study showed increasingly changing ECG indices while
performing exercise load in both athlete groups but there was no statistically significant difference between groups
while performing maximal exercise, thus oxygen saturation and arterial blood flow was statistically significantly
faster and decreased more in sprint athlete group.

Discussion and conclusion. Dosed and maximal exercise test indicated the peculiarities of cardiovascular
function of athletes, although more differences between individual peculiarities of athletes can be revealed while
performing a dosed exercise test and still more differences — while the maximal exercise tests are performed and
during the recovery after exercising.

Keywords: dosed and maximal exercise test, cardiovascular system, endurance, sprint.

INTRODUCTION

he body’s functional state and functional

I fitness and a number of studies of regulatory
mechanisms of functional systems are
carried out by monitoring the reactions induced by
functional tests or exercises. The functional state of
the body can be estimated by changes in functional
parameters (Wilkinson et al., 2009) during the
dosed maximal exercise tests. Muscle activity
is the factor which may change cardiovascular
system activity at the highest degree and most
rapidly. Physical load resulting changes in body

function are not the changes of the state in an
individual body system, but it is a whole set of
complex and interrelated processes (Biggiero,
2001). In such chain of processes concatenations
of cardiovascular, the central and peripheral
regulatory mechanisms play an important role
(Delp, 1999; Jones, Pole, 2007). Due to increasing
metabolic needs in the body many cardiovascular
processes begin almost at the same time in order
to ensure a sufficient supply of oxygen (Hughson,
2007). Changes in cardiovascular function shift in
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accordance with the alteration of physical load to
the maximum. No regulatory mechanism of blood
flow work in isolation, it interacts with a whole
system or performs as a part of regulatory system;
hence it is important to perceive these interactions
occurring during exercise.

Since varying types of physical workloads
activate the processes of different physiological
systems at different degrees, during dosed and
maximal exercises the total effects can highlight the
properties of central and peripheral mechanisms
and reveal significant synergies between the central
and peripheral cardiovascular parameters.

RESEARCH METHODS

The participants of the study were 27 men — 16
sprint (age — 18-24 years., BMI —21.4 + 1.8 kg/ m?)
and 11 endurance runners (age — 21-26 years,
BMI —20.2 £ 0.42 + 1.5 kg/m?). The study involved
non-professional sportsmen engaged in the chosen
sports not less than for two years. All participants
performed two tests: Roufier exercise (30 squats
per 45 s) and 30 s vertical jump test with maximal
efforts. Using computerized ECG analysis system
“Kaunas—load” during the Roufier exercise test
and two min of recovery after the load, the 12 lead
ECG was recorded. We analysed heart rate (HR), JT
interval and JT/RR ratio. Oxygen saturation (StO,)
and blood flow in muscle (m. vastus lateralis) was
recorded by near-infrared spectroscopy method.

Statistical analysis of the data. Analysis was
conducted using statistical package SPSS for
Windows 17.0. Standard statistical methods were
used to calculate means and standard deviations
(= SD). A one-way analysis of variance (ANOVA)

was used to establish the differences between
the measurements. The difference in mean was
regarded as statistically significant when error
probability with respect to criteria was p < 0.05.

RESEARCH RESULTS

Figure 1 presents the dynamics of HR during
Roufier exercise and 30 s maximal jump tests.
Before Roufier HR was statistically significantly
higher in sprint group 87.5 £ 4.0 beats/min, in
endurance group — 84.4 £+ 4.8 beat/min (p < 0.05).
After Roufier exercise test in sprint group HR
increased to 129.4 + 5.9 beat/min, in endurance
group — 126.4 £ 4.9 beat/min (p > 0.05). During
the recovery process after two minutes of Roufier
test workload the HR changes were statistically
significant in both groups: in sprint group they
recovered till 877 + 4.4 beat/min, in endurance
group — 81.2 £ 5.6 beat/min (p < 0.05). The
HR recovery after 30 s vertical jump test was
established in sprint group — 154.6 £+ 6.4 beat/min,
in endurance group — 149.7 £ 6.5 beat/min, and it
was not statistically significant, p > 0.05.

Comparing JT interval changes during
Roufier exercise test in both groups (Figure 2), we
established that before the test it was statistically
significantly higher in the endurance group
(0.27+£0.01 s; sprint group — 0.25 £ 0.01 s; p <0.05),
but after Roufier exercise this index was simlar in
both groups — 0.22 £ 0.01 s, and no statistically
significant differences were found (p > 0.05).

Comparing values of JT/RR ratio changes
we established that in sprint group they were
higher — during Roufier exercise test 0.46 + 0.01,
in endurance group — 0.44 + 0.01, after 30 s vertical

Figure 1. Dynamics of HR during dosed
and maximal exercise test
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jump test JT/RR values were similar in both
groups — 0.47 £0.01 (p > 0.05).

Figure 3 presents StO, dynamics. We assessed
statistically significant (p < 0.05) oxygen saturation
decrease to 72.9 + 8.9% in endurance athlete group,
in sprint group StO, from base line decreased to
76.1 + 4.4% after Roufier exercise test. During
the first minute after Roufier exercise test StO,
recovered (p < 0.05). After 30 s vertical jump test
StO, decreased to 94.7 + 1.9% in sprint group, in
endurance group — 84.7 + 8.8% (p < 0.05).

After Roufier exercise test the arterial
blood flow intensity decreased to 56.7 + 8.6% in
endurance group, in sprint group — 73.4 £ 8.3%
(Figure 4). During the first minute after Roufier
exercise test in sprint group, the arterial blood flow
intensity increased more then in endurance group
(17.6 £ 5.6% and 6.3 + 2.8% above baseline), this
difference was statistically significant (p < 0.05).
After maximal exercise test, blood flow intensity
decreased to 88.9 = 9.8% from baseline in sprint
group, in endurance group — 70.5 £ 7.7% from
baseline (p < 0.05).

DISCUSSION

While evaluating changes of the central and
peripheral cardiovascular functional parameters
induced by maximal and dosed exercise tests, we
observed specific tendency: when the load was low
while subject performed dosed exercise test, a lot
of differences could be found between individuals
adapted to a different type of physical load. After
the analysis of cardiovascular parameters of speed
and endurance athletes during Roufier test and
30 seconds of vertical jumps test, higher degree
increase of registered central (ECG) and peripheral
(StO, and arterial blood flow) system parametric
changes were observed in the speed group.
Differences in heart rate (HR) and its changes
during dosed exercise tests should be considered as
a result of different level of training and different
kinds of exercise. Many studies have revealed that
evolution of cardiovascular adaptation depends on
the type of physical load and the length of training
experience (Kapniman, 1987). Athletes who develop
aerobic endurance have the largest hearts (Fagard,
1997, 2006). The larger the heart (left ventricular
end-diastolic diameter), the lower the maximum
HR (Martinelli et al., 2005). Training designed

to develop speed and power is not a very strong
stimulus for the hypertrophy of myocardium even
if it takes several hours per day (Haykowsky et
al., 1998). So, these are the features of adaptation
to physical loads, and they can explain the
differences observed in the dynamics of HR and
other estimated ECG’s parameters, considering the
difference between the groups adapted to speed
and endurance loads.

In this study we also assessed the changes of
ECG’s ST-segment depression rate during physical
load. ST-segment is a significant indicator of
cardiovascular functionality and it is associated
with the occurrence of myocardial functional
ischemic processes, the assessment of its rate
during physical load reflects cardiac functional
fitness and its capacity (Enoka, Duchateau, 2008).
As it has been pointed by many researchers, the
capacity of cardiac reserve is very much dependent
on the fulfilment of its oxygen demand, or how fast
and whether it is a sufficient increase in oxygen
delivery to the heart during physical load (Yazigi
et al., 1998; Jernberg et al., 1999; Vainoras, 2002).
Insufficient and substandard supply of myocardium
with blood causes the lack of oxygen in the heart.
It can occur because of very high physical or
emotional tension. Adequate blood supply of the
heart is a very important parameter of its working
capacity (Zemaityte, 1996; Yazigi et al., 1998).
If coronary blood flow is insufficient during
physical load, it changes the balance of metabolic
processes and electrical potentials in myositis and
consequently the changes are recorded in ECG as
ST amplitude changes. Significantly higher values
of this parameter were found in the speed group,
but we have considered estimated ST-segment
deviations as functional ischemic rather than
pathological changes because after the termination
of the load these effects disappeared quickly.

The aim of muscle blood flow is to provide
muscles with blood, which is possible because of
the interaction between the central and peripheral
mechanisms regulating blood flow. While our
investigation established that in the group of
speed during Roufier test as well as during 30 s
vertical jumps test, oxygen saturation and arterial
blood flow decreased faster and at a higher level.
Different response of periphery of speed and
endurance groups to the tests could be conditioned
by an unequal level of training experience, duration
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or type of physical load (Gocentas, Andziulis,
2004). It is known that endurance athletes have
greater aerobic capacity than representatives of the
speed-power group because of large-scale power-
endurance load decrease in peripheral vascular
tone regulatory options which are reimbursed by
the central circulatory organ, the heart function —
an increase in systolic blood pressure (Poderys et
al., 1999; Silinskas, 2000).

CONCLUSION AND
PERSPECTIVES

Dosed and maximal exercise tests indicate the
peculiarities of cardiovascular function of athletes,
more differences between individual peculiarities
of athletes can be revealed while performing a
dosed exercise test, and more differences while the
maximal exercise tests are performed — during the
recovery after exercising.
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CENTRINIU BEI PERIFERINIU SIRDIES IR KRAUJAGYSLIU
SISTEMOS RODIKLIU KAITOS YPATYBES ATLIEKANT
DOZUOTO IR MAKSIMALAUS KRUVIO MEGINIUS

Biruté Zachariené, Jonas Poderys, Eugenijus Trinkuinas, Alfonsas Buliuolis
Lietuvos kiino kultiros akademija, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. [vairaus pobiidzio fiziniai kriiviai skirtingai aktyvina organizmo fiziologines
sistemas, todél atliekant dozuotus ar maksimalius fizinius krivius jie gali atskleisti centriniy ir periferiniy mechanizmy
sasajas, t. y. esmines sinergijas tarp SKS centriniy ir periferiniy rodikliy.

Tikslas — nustatyti centriniy bei periferiniy Sirdies ir kraujagysliy sistemos (SKS) rodikliy kaitos ypatybes
atliekant dozuoto ir maksimalaus kraivio méginius.

Metodai. Buvo tiriama 16 sprinto ir 11 iStvermés bégiky. Visi tiriamieji atliko fizinio krtvio ir 30 s trukmes
vertikaliy Suoliy méginius. Tyrimo metu buvo nenutrikstamai registruojama 12 EKG standartiniy derivacijy.
Analizuoti $ie rodikliai: $irdies susitraukimo daznis (SSD), JT intervalo trukmé ir JT/RR intervaly santykis. Deguonies
isotinimas (StO,) ir kraujotakos kitimas buvo registruojami nenutritkstamai neinvaziniu artimosios infraraudonosios
spektroskopijos biidu.

Rezultatai. Atliekant maksimalaus kriivio méginius, registruojamy centriniy (EKG) rodikliy pokyciai tarp
grupiy statistiSkai reikSmingai nesiskyre, o periferiniy sistemy (StO, ir arterinés kraujotakos) poky¢iai buvo didesni
greitumo grupéje.

Aptarimas ir iSvada. Dozuoto ir maksimalaus fizinio kriivio méginiai parodo sportuojanciyjy Sirdies ir
kraujagysliy funkcinio parengtumo ypatybes, taciau daugiau skirtumy galima nustatyti atliekant dozuoto krtivio
mégini, o stebint atsigavimo po kriivio ypatybes — po maksimalaus kriivio méginio.

RaktaZodZiai: dozuotas ir maksimalus fizinis kravis, Sirdies ir kraujagysliy sistema, iStvermeé, sprintas.
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ABSTRACT

Research background and hypothesis. Transversus abdominis muscle experiences extraordinary overstretching
during gestation period and thus the ability of this muscle to stabilize spine decreases. These changes can cause
chronic low back pain during pregnancy and after delivery. In order to solve this problem it is essential to apply
proper and effective treatment methods. Hypothesis: physical therapy exercises are more effective than maternity
support garment in low back pain treatment and core stability during pregnancy and after delivery.

Research aim was to evaluate the influence of physical therapy and maternity support garment on spinal stability
and low back pain during pregnancy and after delivery.

Research methods. Study sample comprised 40 pregnant women. The assessments were made twice: at 28-35
weeks of gestation and 89 weeks after delivery. The low back pain was evaluated using SAS, core stability and
transversus abdominis muscle activation were objectively tested using special device stabilizer and the presence of
diastasis recti was tested as well.

Research results. Physiotherapy is 42.4% more effective than maternity support garment in low back pain
control during pregnancy and after delivery (p < 0.05). The best results of transversus abdominis muscle activation
were observed in physiotherapy group with maternity support garment whereas participants without physiotherapy
could not properly activate this muscle. The diastasis recti after delivery occurred only in control group, and in the
group with maternity support garment it occurred 36.7% less frequently than in the group where women did not use
this garment.

Discussion and conclusions. 1. Perceived low back pain after delivery was less expressed in women wearing
maternity support garment both among women attending and not attending physiotherapy exercises. Nevertheless,
physical therapy was more effective in reducing low back pain than maternity support garment during pregnancy
and after delivery. 2. Core stability after delivery improved among women attending physical therapy exercises,
but in case of maternity support garment it improved better. In contrast, in case of not attending physiotherapy the
spinal stability after delivery improved only for women wearing maternity support garment. 3. Core stability during
pregnancy and after delivery was better among women attending physical therapy but not wearing maternity support
garment compared to women not attending physical therapy but wearing maternity support garment. 4. Physical
therapy and maternity support garment improves core stability during pregnancy and has a positive effect on activity
of rectus abdominis muscles following delivery.

Keywords: obstetrics, transversus abdominis muscle, exercises.

INTRODUCTION

are determined by both mechanical and the abdominal wall is gradually stretching and by

T he changes in core stability during pregnancy  development of uterus where the fetus is developing,
hormonal factors. During the growth and the end of pregnancy the abdominal muscles are
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stretched reaching the limits of their elasticity.
The muscles do not adapt timely to change of
conditions of pregnancy and due to insufficient
physical activity the muscle force and stamina
decrease and coordination declines too. This leads
to deteriorated function of muscles, joints and core
stability (Zachovajeviené, 2006).

In scientific literature researchers often
emphasize transversus abdominis muscle (TrA)
that controls intraabdominal pressure through
tension of thoracolumbar fascia. Together with
multifidi muscles, thoracic diaphragm and pelvic
floor muscles TrA secures core and pelvic stability
as functional entity (Lee et al., 2008). After
pregnancy, the trunk retains unstable as long as
the function of supporting units does not reach the
prior levels.

Different researchers claim that across various
populations 24-90% of pregnant women suffer
from low back pain (Sneag, Bendo, 2007; Kalus et
al., 2008), which means that this is quite a frequent
condition. Therefore many people including
medical staff suppose that this is normal and will
pass away in certain time (Zuromskis, 2008).
However, the majority of women suffer such
levels of pain that not only impair their working
efficiency, but the quality of life during and after
pregnancy as well (Gustafsson, Nilsson-Wikmar,
2008). In Lithuania, much attention is paid to health
of pregnant women, however, it is not sufficient,
especially regarding women who suffer pains
and have reduced mobility during the pregnancy.
Thus, it is not only important to define the cause of
pain, but also to provide adequate help and care by
effective means in reducing low back pain.

There are many studies conducted in Lithuania
and other countries that prove positive effect of
physiotherapy exercises on pregnant women,
especially aimed toreduce low back pain (Garshasbi,
Zadeh, 2005; Shia et al., 2005; Morkved et al., 2007
Zachovajeviené et al., 2010; Gustafsson, Nilsson-
Wikmar, 2008). Similarly, there are several studies
outside Lithuania that evaluated the effectiveness
of maternity support garment in reducing of back
and pelvic pain during the pregnancy (Catherine,
2003; Kalus et al., 2008). However, the majority
of research assessed the effectiveness of physical
therapy exercises or maternity support garment,
but not both. Therefore it is very important to
evaluate what is the synergistic effect of those two
interventions applied for reduction of low back pain
and core stability. Moreover, the research is mostly

done only during the pregnancy and thus it is not
clear what the outcomes following the delivery are.

The aim of the study was to evaluate the
influence of physical therapy and maternity support
garment on core stability and low back pain
during pregnancy and after delivery. Hypothesis:
physical therapy is more effective than maternity
support garment in low back pain treatment during
pregnancy.

RESEARCH METHODS

Study conduct and subjects. The study
was conducted from July 2010 to April 2011.
It included pregnant women who attended
aquatic physiotherapy exercises in Kaunas city
at P. Mazylis Maternity Hospital (department
of physical medicine and rehabilitation) and at
Silainiai Outpatient Clinic as well as pregnant
women undergoing gynecology check-ups but not
attending physical therapy. The study included
only nulliparous women.

Before the 1% measurement, the test of diastasis
recti was performed in order to eliminate the
subjects with this disorder from the study. The
study enrolled pregnant women with body mass
index of 18.5-24.9 before pregnancy. The women
who underwent cesarean section for delivery were
excluded from analyses. The researchers obtained
the permission from Kaunas Regional Biomedical
Research Ethics Committee and written informed
consent from study subjects.

Measurement 1 was conducted in 28-35
weeks of gestation and the intensity of low back
pain (assessed by SAS) as well as core stability
(assessed by “Stabilizer”) in back and side positions
were tested. Measurement 2 took place in 89
weeks after delivery and repeated the procedures
mentioned above, but it also included tests for the
activity of TrA in abdominal position and test of
diastasis recti.

The study started with 47 pregnant women of
working age, without any pathology of pregnancy
or musculoskeletal system. Among them, 24
were attending aquatic physical therapy exercises
(3 times per week for 45 min) and 23 women
were not. After delivery, three women from the
former subgroup and four women from the latter
were excluded from later analyses due to cesarean
section, thus for Measurement 2 the total of 21
subjects in physical therapy gym group (2 times
per week for 45 min) and 19 subjects without
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physical therapy remained. These two groups were
divided into two subgroups each — with and without
maternity support garment. In total, this generated
four subgroups of study including women:

» attending physical therapy exercises and
wearing maternity support garment (during
the whole period of research) (n = 9),

 attending physical therapy exercises but not
wearing maternity support garment (n = 12),

* not attending physical therapy exercises but
wearing maternity support garment (during
the whole period of research) (n = 10),

* not attending physical therapy exercises
and not wearing maternity support garment
n=9).

Mean age of study subjects was 27.2 + 3.9 years,
gestation stage by Measurement 1 was 31.2 &+ 2.7
weeks.

Measurements

Intensity of low back pain (SAS). Study
participants were asked to describe and show the
most painful point in back area and express the
intensity of pain from 0 to 10 pts. The participants
pointed the intensity of pain on the scale
independently.

Spinal stability. Spinal stability and objecti-
vely measured activity of TrA was evaluated using
“Stabilizer”. Testing. The women were asked to
perform raising leg movements slowly, with TAM
extension and spinal stabilization before that. The
women were lying on a flat surface (on a couch).
The evaluation of TrA function and spinal stability
during pregnancy (Measurement 1) was conducted
in two positions:

* Back position: legs are knee bent, feet are
on a surface. Device pillow is set below
the waist. By expiration, the woman has to
exert TrA and try to keep the waist as stable
as possible moving slowly with one leg. In
5 seconds she has to bend the hip (knee
bent position) and in 5 seconds to make a
movement back. In the same way she repeats
the motions with the opposite leg.

* Side position: bearing leg is knee bent, the
opposite leg is straight. Device pillow is set
at waist side, between iliac crest and ribs.
In spinal stabilization by TrA contraction,
a woman has to move the hip to line of the
shoulder slowly and evenly in 5 seconds
and then move back in 5 seconds. The
motion should be based rather on hip joint
than on lateral waist movement. Before

the movement, stabilizer pressure is set at
40 mm Hg and during the movement the scale
changes are observed. The measurement
was performed twice and their arithmetic
mean was used for the analyses.

The evaluations of TrA function and core
stability after delivery (Measurement 2) were
conducted in three positions. The first two positions
were analogue to Measurement 1, while the third
position was as follows:

Abdominal position performed lying on
abdomen and making contracting movement of
abdominal wall. A woman is asked to lie on belly
with neck and head relaxed and kept at middle line
of the body. Device pillow is set at lower abdomen
so that the distal margin of pillow would converge
with anterior iliac line. The “Stabilizer” pressure
is set at 70 mm Hg. A woman is asked to contract
her lower abdomen slowly without supporting
movements of spinal cord, hips, shoulders or
pelvis, and keep such position for 10 seconds with
regular breathing.

Decreasing pressure on “Stabilizer” manifests
in negative numbers, which shows improving
TrA activity. The study results were considered
as positive if the pressure on device decreased to
-1 mm Hg (in ideal case to -10 mm Hg). However,
if the pressure increased, this was observed
in positive numbers on the device and showed
improper contraction of TrA which in turn was
considered as negative performance (Garnier et al.,
2009). The measurement was performed twice and
their arithmetic mean was used for analyses. Since
assessment of spinal stability had both positive and
negative values they were ranked to 5 ranges with
certain values each (Table). Without ranking the
sum of positive and negative values would have
been zero and would distort the results of effect.

Table. Ranked values of spinal stability

mmHg Rank mmHg
[-2; 0] mmHg 0 [0; 2] mmHg
[-6; —3] mmHg 1 [3; 6] mmHg
[-13; 7] mmHg 2 [7; 13] mmHg
[20; —-14] mmHg 3 [14; 20] mmHg
[-28; —21lmmHg 4 [21; 28] mmHg

Diastasis recti. Testing: a woman had to lie
down on her back with bent legs, then slowly raise
her head and shoulder from the floor as if trying to
reach the knees with hands — as long as lower edge
of scapula was not touching the floor. The therapist
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had to touch the woman’s abdomen horizontally
and diagonally at midline of abdomen to umbilicus.
Result was considered as positive if at least two
fingers were able to fit in the gap (JanuSoniené,
Baceviciené, 2006).

Statistical analysis. Data were analyzed
using statistical package SPSS for Windows 16.0.
Quantitative variables were described in means +
standard error of the mean (SEM). Comparison
of independent samples was performed using
non-parametric Mann-Whitney-Wilcoxon  test,
comparison of related samples — using non-
parametric Wilcoxon test. Quantitative variables
were described in percent. Homogeneity of samples
was assessed using chi-squared test, equality of
distributions — using proportion equation test.
Statistical significance was set at p < 0.05.

RESEARCH RESULTS

Low back pain and physical therapy
attendance. The results of low back pain
assessment revealed (Figure 1) that mean pain
among pregnant women attending physical therapy
but not wearing maternity support garment was
about 8.4% (accordingly 4.58 and 5 points) lower
than that of women not attending physiotherapy but
wearing maternity support garment. After delivery
at Measurement 2 this difference increased up to
42 .4% (accordingly 2.42 and 4.2 points) (p < 0.05).

Effect of physical therapy and maternity
support garments on core stability in pregnancy
and after delivery. Similarly, comparison of results
during pregnancy showed that among women
attending physiotherapy but not wearing maternity
support garment, the spinal stability was better
than that of women not attending physiotherapy but
wearing maternity support garment (Figure 2): in
back position, rank difference raising right leg was
0.7 (17.5%), raising left leg — 0.78 (19.5%) (p < 0.05).
After delivery the difference increased to mean
rank of 1.27 (31.8%) and 1.18 (29.5%), respectively.
Here smaller value of rank shows better stability.

The comparison of groups was made based
on side position results of spinal stability
(Figure 2). During pregnancy, women attending
physiotherapy but not wearing maternity support
garment also showed better results than women
not attending physiotherapy but wearing maternity
support garment: mean rank difference at right leg
contraction was 0.8 (20%), at left leg — 0.68 (17%)
(p < 0.05). After delivery the differences persisted
and increased to 1.03 (25.8%) and 0.85 (21.2%),
respectively (p < 0.05).

Activity of rectus abdominis muscles in
abdominal position. Assessment of activity of
rectus abdominis muscles was conducted in this
study only once — after delivery. Mean values
of pressure changes across study subgroups are
presented in Figure 3. We found that the mean
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value among women attending physiotherapy and
wearing maternity support garment was by 0.25
mmHg better than that among women attending
physiotherapy but not wearing maternity support
garment. With decreasing pressure, the activity
of TAM increased. Among pregnant women who
were not attending physiotherapy the pressure
increased, which means that they were not able
to activate their TAM. The pressure difference
between women not attending physiotherapy

and wearing maternity support garment was by
0.86 mmHg better than that among women not
attending physiotherapy and not wearing maternity
support garment.

Distribution of diastasis recti and maternity
support garment. The diastasis recti after delivery
was observed only among women who did not
attend physiotherapy exercises (Figure 4). Among
women not attending physiotherapy but wearing
maternity support garment (n = 10), diastasis recti

Figure 2. Spinal stability
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was observed in 30% of cases compared to 66.7%
of women not attending physiotherapy and not
wearing maternity support garment (n =9), i. e. the
difference was 36.7% of points.

DISCUSSION

Comparison of low back pain assessment results
between women who were attending physiotherapy
but not wearing maternity support garment and
women who were not attending physiotherapy but
wearing maternity support garment showed that
physiotherapy was more effective than maternity
support garment in reduction of low back pain
during pregnancy (by 8.4%) and after delivery (by
42.4%; p < 0.05).

Low back pain intensity differences between
women wearing and not wearing maternity
support garment were similar both among
women attending physiotherapy and not attending
physiotherapy (p < 0.05). Such results confirm the
claims that wearing maternity support garment is
effective for reduction of low back pains during
pregnancy and after delivery. In general it can be
stated that the most effective means of lowering
low back pain during pregnancy and after delivery
is physiotherapy and maternity support garment
together.

Previously, in Lithuania there was one similar
study conducted where low back pain intensity was
assessed during pregnancy, before and after specific
program of physical therapy. The authors found
there that low back pain following the program
reduced in intervention group (p < 0.05), but not in
control group (Zachovajeviené et al., 2010). These
results support the statements of scientists from a
study in Korea (Shia et al., 2005). J. Gustafsson
and L. Nillson-Wikmar (2008) applied specific
program of physical exercises for the improvement
of trunk muscles in women who suffered low back
pain after delivery. Particular attention was paid to
TrA and multifidi muscles. The results of that study
showed that intensity of low back pain decreased
for every woman under study and their activity
increased.

Another study was conducted by A. Catherine
whoassessedthe effect of maternity supportgarment
on low back pain during the pregnancy. Her results
demonstrated that maternity support garment was
associated with statistically significant reduction of
low back pain during rest time and daily activities

(Catherine, 2003). Researchers in Australia also
conducted a similar study comparing two different
models of maternity support garment in order to
reduce pain in spinal and pelvic back area during
pregnancy (Kalus et al., 2008). Wearing maternity
support garment for three weeks was associated
with statistically significant reduction of low back
pain in both model groups — from 6.1 to 4.5 pts and
from 6.0 to 4.7 pts, respectively.

In our study the results on spinal stability
showed that among women  attending
physiotherapy but not wearing maternity support
garment the stability was better than that among
pregnant women not attending physiotherapy but
wearing maternity support garment both before
and after delivery (p < 0.05). This supports the
findings from other studies conducted in different
countries. Positive effect of physical therapy was
reported by A. Garshasbi and S. F. Zadeh (2005)
and Lithuanian researchers who assessed the spinal
stability also using stabilizer before and after
specific physiotherapy program during pregnancy
(Zachovajeviené et al., 2010).

TrA activity assessment after delivery showed
that the best TrA activity was observed among
women who were attending physiotherapy and
wearing maternity support garment, while women
not attending physiotherapy were not able to
properly activate their TrA. Researchers from
Ludwig Maximilian University of Munich also
assessed TrA activity using stabilizer in abdominal
position. Pressure change by at least -1 mm Hg
was considered as positive. In contrast, increase of
pressure showed improper TrA activity (Garnier et
al., 2009).

In order to establish the association between
diastasis recti and maternity support garment, we
compared women not attending physiotherapy and
we found that diastasis recti was by 36.7% points
less common among women wearing maternity
support garment compared to those not wearing it.
However, this difference did not reach statistical
significance. This could have happened due to very
low sample sizes in subgroups (n = 10 and n = 9,
respectively).Of note, the study analysis clearly
showed that diastasis rectus was not observed in
women attending physiotherapy. This supports
positive effect of physiotherapy exercises in
prevention of diastasis recti during pregnancy. Our
results showed the trend that diastasis rectus is more
prevalent in women without maternity support
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garment compared to those wearing maternity
support garments. Therefore, it is expedient to
wear maternity support garment during pregnancy
since it activates TAM and prevents diastasis recti.
Additionally, this restricts trunk movements that
can also influence diastasis recti.

CONCLUSIONS AND
PERSPECTIVES

1. Perceived low back pain after delivery was
less expressed in women wearing maternity
support garment both among women attending
and not attending physical therapy exercises.
Nevertheless, physical therapy is more effective
in reducing low back pain than maternity
support garment during pregnancy and after
delivery.

2. Core stability after delivery improved among
women attending physiotherapy exercises,
but in case of maternity support garment it
improved better. In contrast, in case of not
attending physical therapy the core stability
after delivery improved only for women
wearing maternity support garment.

3. Core stability during pregnancy and after
delivery was better among women attending
physiotherapy but not wearing maternity
support garment compared to women not
attending physiotherapy but wearing maternity
support garment.

4. Physical therapy and maternity support
garment improves core stability and low back
pain during pregnancy and has a positive effect
on the activity of rectus abdominis muscles
following delivery.
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KINEZITERAPIJOS IR KORSETO POVEIKIS LIEMENS
STABILUMUI IR APATINES NUGAROS DALIES SKAUSMUI
NESTUMO METU IR PO GIMDYMO
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SANTRAUKA

Tyrimo pagrindimas ir hipotezé. NéStumo metu skersins pilvo raumuo biina labai pertemptas ir jo gebéjimas
stabilizuoti juosmening stuburo dalj bei dubeni mazéja. Pakites stabilizavimo mechanizmas gali sukelti 1étinj nugaros
skausma. Todél labai svarbu suteikti tinkama pagalba taikant veiksmingas nugaros skausmo mazinimo priemones.
Hipotezé: kineziterapija yra veiksmingesné nei liemens korseto dévéjimas gydant apatinés nugaros dalies skausmus
bei liemens stabiluma néstumo metu ir po gimdymo.

Tikslas — ivertinti kineziterapijos ir korseto poveiki liemens stabilumui bei apatinés nugaros dalies skausmui
néstumo metu ir po gimdymo.

Metodai. 28-35 néStumo savaitg ir 8-9 savaitg po gimdymo buvo ivertintas visy tiriamyjy nugaros skausmo
intensyvumo suvokimas (SAS), liemens stabilumas bei skersinio pilvo raumens aktyvumas testuojami ,,Stabilaizeriu*
ir testu jvertinta tiesiyjy pilvo raumeny diastazeé.

Rezultatai. Kineziterapija yra 42,4% veiksmingesné nei korseto dévéjimas kontroliuojant nugaros skausma
néstumo metu ir po gimdymo (p < 0,05). Geriausios skersinio pilvo raumens aktyvumo vertinimo reikSmés nustatytos
lankanc¢iy kineziterapija ir korseta dévinc¢iy motery grupéje, o nelankancios kineziterapijos tiriamosios negaléjo
taisyklingai aktyvuoti $io raumens. Tiesiojo pilvo raumens diastazé po gimdymo buvo nustatyta tik nelankan¢ioms
kineziterapijos nés¢iosioms, o dévinciy korseta moteru grupéje tai pasireiské 36,7% maziau atvejy nei nenesiojancéiy
korseto grupés tiriamyjuy.

Aptarimas ir iSvados. 1. Nugaros skausmo intensyvumo suvokimas po gimdymo buvo mazesnis korseta
dévinéiy motery tiek lankanéiy kineziterapija, tick nelankanciy néséiyjy grupése (p < 0,05). Tadiau kineziterapija
kontroliuojant nugaros skausma yra veiksmingesné, nei korseto dévéjimas néStumo metu ir po gimdymo (p < 0,05).
2. Lankan¢iy kineziterapija nés¢iyju liemens stabilumo vertinimo rezultatai po gimdymo pageréjo korseta dévinciy
Nelankanc¢iy kineziterapijos nésciyju liemens stabilumo vertinimo rezultatai po gimdymo pageréjo tik korseta
nesiojusiyjy grupéje (p < 0,05). 3. Liemens stabilumas né$tumo metu ir po gimdymo buvo didesnis lankanciy
kineziterapija be korseto nésciyju, nei nelankanéiyju kineziterapijos su korsetu (p < 0,05). 4. Kineziterapija ir
liemens korseto dévéjimas turi jtakos liemens stabilumui néStumo metu ir teigiamai veikia skersinio pilvo raumens
aktyvuma po gimdymo.

RaktaZodziai: akuSerija, skersinio pilvo raumens aktyvumas, fiziniai pratimai.
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ABSTRACT

Research background and hypothesis. The absolute dominance of the isolated muscle presentation as the first
and last word in muscular anatomy leaves the current generation of therapists unlikely to think any other way
(Myers, 2009). Hypothesis: functional relationships could be found between pelvic floor, diaphragm, and trunk
muscles in men with prostate cancer.

Research aim. The aim of the study was to evaluate functional associations between pelvic floor, diaphragm,
and trunk muscles among men with prostate cancer.

Research methods. The study included 81 male volunteers diagnosed with prostate cancer with measurements
conducted one day before radical prostatectomy. Pelvic floor muscle strength and endurance were measured using
“Peritron 9300” device, the strength of diaphragm — with “MicroRPM”, the strength of transversus abdominis
muscle — with “Stabilizer”. Trunk muscles were tested using tests for static postural endurance of abdominal and
back muscles. Associations were estimated using Pearson’s correlation coefficient (r).

Research results. Analysis of functional indicators of muscles demonstrated high linear associations between
strength of pelvic floor and diaphragm (r = 0.79), between strength of diaphragm and exhalation muscles (r = 0.78),
and between static endurance of abdominal and back muscles (r = 0.72). We determined moderate correlations
between endurance of pelvic floor and strength of transversus abdominis muscle (r = 0.59), between strength of
transversus abdominis and static endurance of abdominal muscles (r = 0.69), between strength of diaphragm and
static endurance of abdominal (r = 0.56) and back muscles (r = 0.51), between the strength of exhalation muscles and
static endurance of abdominal muscles (r = 0.57) and strength of pelvic floor (r = 0.65), between strength of pelvic
floor and static endurance of back muscles (r = 0.50). Low correlations were found between strength of pelvic floor
and transversus abdominis (r = 0.31) and static endurance of abdominal muscles (r = 0.44), between endurance of
pelvic floor and exhalation muscles (r = 0.37), and finally between transversus abdominis and static strength of back
muscles (r = 0.39). All correlations were statistically significant (p < 0.01).

Discussion and conclusions. The findings showed positive associations among different functional indicators
of muscles: strength of pelvic floor correlates with endurance of pelvic floor muscles, static abdominal and back
muscles, strength of diaphragm, and transversus abdominis muscles. The results of this study confirm that functional
associations between pelvic floor, diaphragm, and trunk muscles exist.

Keywords: abdominal muscles, static postural endurance, respiration, core stability.

INTRODUCTION

every other fascial structure in the body, units. Such study ignores the longitudinal effects

The human locomotor system is, like nearly are almost universally studied as isolated motor
constructed in doublebag fashion. Muscles  through this outer bag, as well as latitudinal
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(regional) effects now being exposed by research.
Now it is clear that fascia distributes to strain
laterally to neighboring myofascial structures;
so that the pull on the tendon at one end is not
necessarily entirely taken by the insertion at the
other end of the muscle (Myers, 2009).

It is generally assumed that fascia is solely a
passive contributor to biomechanical behavior,
by transmitting tension which is created by
muscles or other forces, but there are recent hints
which indicate that fascia may be able to contract
autonomously and thereby play a more active role
(Schleip, 2006).

The central nervous system coordinates the
motor activities of all trunk muscles (including the
diaphragm) during both postural and respiratory
tasks. Modulation of intraabdominal pressure
occurs through coordinated activity of the
diaphragm, abdominal and pelvic floor muscles
(PFM), and such modulation may be important
for the control of spinal stability (Hodges et al.,
2000 a).

The data also indicate that PFM activity is
modulated during quiet breathing. However, this
activity is more closely associated with the activity
of the abdominal muscles than with changes in
intraabdominal pressure (IAP). During quiet
breathing in standing, PFM activity was modulated
with respiration (Smith et al., 2006). It was
hypothesized that PFM activity would be linked
to periods of increased [AP to meet the demands
of continence and control of pelvic viscera. During
quiet breathing, IAP increases during inspiration
in conjunction with diaphragm activity. However,
as IAP is modulated during the respiratory cycle,
it is likely that PFM activity may be modulated
during other respiratory tasks, including quiet
breathing (Hodges et al., 2007). P. Neumann et al.
(2002) found that PFM are also likely to be active
with respiratory tasks. It is well accepted that
PFM activity accompanies coughing and resisted
expiration.

Coactivation of the diaphragm and
abdominal muscles causes a sustained increase in
intraabdominal pressure, whereas inspiration and
expiration are controlled by opposing activity of
the diaphragm and abdominal muscles to vary the
shape of the pressurized abdominal cavity (Hodges
et al., 2000 a). Activation of the levator muscle
during abdominal pressurization is important
to this stabilization process. The integrity of the
connection between the vaginal wall and tendinous
arch also plays an important role. (Delancey et al.,

2004). Functionally, the levator ani muscle and the
endopelvic fascia interact to maintain continence
and pelvic organ support (Ashton-Miller et al.,
2007). S. J. Madill and L McLean (2006) stated that
during voluntary PFM contractions, an increase
in lower intravaginal pressure is not solely the
product of PFM activation, but involves a specific
coordination between the PFM, transversus
abdominis (TrA), rectus abdominal, and internal
oblique muscles (Madill, McLean, 2006). The TrA
generated 224% more activity during the pelvic
floor contractions than during the abdominal
hollowing exercises that were aimed at isolating
and maximally activating this muscle (Urquhart et
al., 2005).

B. Junginger et al. (2010) revealed that bladder
neck elevation occurred only during PFM and TrA
contractions. They also reported that abdominal
muscles in continent women contribute significantly
to the development of lower intravaginal pressure
during voluntary PFM contractions, particularly in
the latter part of the contraction.

R. R. Sapsford et al. (2001 a) reported that the
PFMs were activated in each of three exercises:
abdominal hollowing, abdominal bracing, and
abdominal bracing with breath hold and also that
the abdominal muscles were recruited when a PFM
contraction was performed. R. R. Sapsford et al.
(2001 b) and P. W. Hodges et al. (2000 a) reported
that with a maximal abdominal muscle contraction,
the PFMs were activated to the same level as with
a maximal voluntary PFM contraction. Similarly,
P. Neumann and V. Gill (2002) found that it was
not possible for continent women to fully contract
their PFMs without contracting the TrA and the 10
muscles as well.

PFM are likely to contribute to control of the
spine and pelvis. Furthermore, PFM activity may
also indirectly contribute to lumbopelvic control
through an effect on tension developed in the
thoracolumbar fascia; hoop tension of the fascia
from contraction of the abdominal muscles is
dependent on IAP. It is thought that synergistic
activation from the abdominal muscles enhances
a woman’s ability to contract the PFMs (Madill,
McLean, 2008).

K. Bo (2004) found that three physiotherapists
who were well trained in isolating PFM
contractions were not able to perform a maximal
PFM contraction without a rise in EMG activity
in the lower portion of rectus abdominal (RA)
muscle. PFMs and the abdominal muscles contract
synergistically in continent women and it may be
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counterproductive to teach to contract the PFMs in
isolation when performing PFM exercises.

L. Penning (2000) determined that functionally,
the transversus abdominis, psoas, quadratus
lumborum and lumbar multifidus have each been
described as contributing to the control of lumbar
segmental motion via either the maintenance
of spinal equilibrium or the development of
intersegmental stiffness.

In his book T. W. Myers (2009) presented
the anatomical connections of all body muscles,
also including diaphragm, pelvic floor and
trunk muscles. Fascia is the structural connector
of muscles, building the strong, pliable stuff
which holds us together, forming the shared and
communicative environment for all our cells.

Functional relations of abdomen and back
muscles were described by numerous studies
done by P. W. Hodges and others. The functional
connections of pelvic floor and diaphragm are
discussed in the scientific literature by M. D. Smith
et al. (2006), P. Neumann et al. (2002). A number
of studies were carried at analyzing the importance
of pelvic floor muscles in women health and
pathologies. Despite the anatomical differences
there is a lack of evidence about the functional
characteristics of pelvic floor in men.

The aim of this study was to evaluate functional
associations between pelvic floor, diaphragm, and
trunk muscles among men with prostate cancer. We
hypothesized that between pelvic floor, diaphragm,
and trunk muscles in men with prostate cancer
there must be functional relationships.

RESEARCH METHODS

The study included 81 male volunteers
diagnosed with prostate cancer. The study was
conducted at Department of Urology, Hospital of
Lithuanian University of Health Sciences Kauno
Klinikos during 2010-2012. The study obtained
ethical approval No. BE-2-61 by Kaunas Regional
Committee for Biomedical Research.

Objectively pelvic floor muscles strength and
endurance were measured using “Peritron 93007
device, the strength of diaphragm was estimated
using “MicroRPM”, the strength of transversus
abdominal was assessed using “Stabilizer”. The
trunk muscles were tested using tests for static
endurance of abdominal and back muscles. All
measurements were conducted one day before
radical prostatectomy surgery.

The assessment of pelvic floor muscle strength
and endurance was done with a patient in left
lateral position and knees drawn up at about 45°.
For higher accuracy and repeatability participant
had to be in the same position each session and the
anal sensor had to be inserted at the same amount.
For evaluation of pelvic floor strength, a person
was asked to squeeze his muscles at maximum.
The maximum result (in cm H,0) was calculated
as follows: within 1.8 second there were three
readings recorded — every 0.6 seconds each. For the
evaluation of pelvic floor endurance, a person was
asked to squeeze and keep his muscles in maximal
contraction as long as possible. The result of
endurance was set as a time (in seconds) between
maximal contraction and decrease of maximal
contraction by more than 5%. The measurements
of strength and endurance in two sessions and their
arithmetic mean were used for analyses.

Strength of breathing muscles (in cm H,O) was
evaluated as maximum inhalation pressure (PImax)
and maximum exhalation pressure (PEmax). The
procedure was conducted in sitting position: a
patient was asked to breathe in to maximum and
exhale to maximum, and then vice versa. Result
was recorded only when the person had maximum
inhalation or exhalation shorter than 3 seconds. For
accurate measurements the tube was essential.

The assessment of the strength of transversus
abdominis muscle was performed in position lying
on abdomen and making contracting movement
of abdominal wall. The person was asked to lie
on belly with neck and head relaxed and kept at
middle line of the body. Device pillow was set at
lower abdomen so that the distal margin of the
pillow would converge with anterior iliac line. The
stabilizer pressure was set at 70 mmHg. The person
was asked to contract his lower abdomen slowly
without supporting movements of spinal cord,
hips, shoulders or pelvis, and keep such position
for 10 seconds with regular breathing.

Decreasing pressure on stabilizer manifests
in negative numbers which shows improving
TrA activity. The study results were considered
as positive if the pressure on device decreased
to 1 mmHg (in ideal case to — 10 mmHg). If,
however, the pressure increased, this was observed
in positive numbers on the device and showed
improper contraction of TrA and was defined as 0.
The measurement was performed in two sessions
and their arithmetic mean was used for analyses.

The static endurance of abdominal muscles
was tested lying supine with bend knees and hips
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45°, The person was asked to raise his head and
shoulders with arms kept across the body and
keep this position as long as possible. The static
endurance of back muscles was tested lying
prone. The person was asked to raise his head
and shoulders with arms kept across the body and
keep this position as long as possible. The static
endurance of abdominal and back muscles at norm
is 300 seconds (5 minutes). The measurement was
performed in one session (due to fatigue) and the
mean was used for analyses.

Statistical data analysis was performed using
SPSS for Windows 20.0 and Microsoft Olffice
Excel 2010 software. Functional associations
were evaluated according to Pearson correlation
coefficient r, where r = 0 is considered as no
correlation, 0.0 <[r| < 0.3 as very low correlation, 0.3
<|r|<£0.5—1low correlation, 0.5 <|r| <0.7 —moderate
correlation, 0.7 < |r] < 0.9 — high correlation, and
0.9 < |r] £ 1.0 — very high correlation. Statistical
significance level was set at 95% (p < 0.05).

RESEARCH RESULTS

The analysis of functional associations
between the strength of pelvic floor muscles
(PFM) and other muscles showed that it strongly
and significantly (p < 0.001) correlated with the
strength of diaphragm (r = 0.79). The association
between PFM and diaphragm was linear and it is
presented in Figure 1.

The association of strength between PFM and
exhalation muscles was found to be at the level of
moderate linear correlation (r = 0.65) and this was
statistically significant (p < 0.001). Similarly, but
lower moderate correlation (r = 0.50) was found
between the strength of PFM and endurance of
back muscles (p < 0.001). Even lower though
statistically significant correlations were found
between strength of PFM and endurance of
abdominal muscles (r = 0.44; p <0.001), strength of
transversus abdominis muscle (r = 0.32; p = 0.004)
and endurance of PFM (r = 0.29; p = 0.009). Thus,

Figure 1. Correlation between strength of
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Figure 3. Correlations between the
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Figure 4. Correlations between the strength
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it can be concluded that with the increase of PFM
strength, the strength of diaphragm, exhalation
muscles, and transversus abdominis muscle
increases too as well as endurance of abdominal,
back, and pelvic floor muscles.

The evaluation of functional associations of
strength of diaphragm showed that there was a
strong positive linear correlation with the strength
of exhalation muscles (r = 0.78) (p < 0.001), which
is shown in Figure 2.

The strength of diaphragm muscle statistically
significantly and positively correlated with
endurance of abdominal (r 0.56) and back
(r = 0.51) muscles (p < 0.001).

Analysis of associations of endurance of
abdominal muscles (Figure 3) revealed strong
positive correlation with endurance of back muscles
(r = 0.72) and this was statistically significant
(p <0.001).

Endurance of pelvic floor muscles showed
functional association at moderate correlation

level with transversus abdominis muscle (r = 0.59;
p < 0.001). Meanwhile the correlation with the
strength of exhalation muscles was low (r = 0.37),
though statistically significant (p 0.001).
Similarly, low positive correlations were found
between the endurance of PFM and the endurance
of abdominal (r = 0.36) and back (r = 0.34) muscles,
and still statistically significant (p = 0.001 and
p = 0.002, respectively). In general, it can be stated
that with the increase of endurance of pelvic floor
muscles, the strength of exhalation muscles as
well as endurance of abdominal and back muscles
increases too.

Analysis of strength of transversus abdominis
muscle revealed moderate (r = 0.69) statistically
significant correlation with the endurance of
abdominal muscles (p < 0.001), which is presented
in Figure 4.

The correlation between endurance of back
muscles and strength of transversus abdominis
muscle was low (r = 0.39), positive and statistically
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significant (p < 0.001). Similarly, low positive
correlations were found with the strength of
diaphragm (r = 0.40) and exhalation muscles
(r=0.42) (p <0.001).

In our study, strength of exhalation muscles
moderately correlated with the endurance of
abdominal muscles (r = 0.57) and slightly weaker —
with endurance of back muscles (@ = 0.48)
(p <0.001).

DISCUSSION

Our study results demonstrated that the
strength of pelvic floor muscles correlated with
that of diaphragm. This means that the activation
of diaphragm has influence on the activity of pelvic
floor muscles and vice versa. This finding supports
M. D. Smith et al.’s (2006) results showing that
during quiet breathing in a standing position, PFM
activity was modulated with respiration. Based on
their own studies, P. W. Hodges et al. (2007) state
that IAP is modulated during the respiratory cycle,
while PFM activity is modulated during other
respiratory tasks, including quiet breathing. Thus it
can be stated that during the breathing, pelvic floor
muscles undergo activation as a reaction to IAP. Our
study shows that both the strength of transversus
abdominis muscle and the endurance of static
abdominal muscles correlate with the strength of
diaphragm and exhalation muscles which supports
the findings of abovementioned researchers. It can
be concluded that during activation of breathing
muscles the strength of pelvic floor muscles is also
improving.

Additionally, our study estimated the
associations between strength and endurance of
pelvic floor and abdominal muscles. Our results also
support the previous findings by P. Neumann and
V. Gill (2002), and R. R. Sapsford et al. (2001) who
suggested that synergistic activity of abdominal
and pelvic floor muscles was important in terms
of generating adequate urethral closing pressures.
K. Bg et al. (1990) also found the high cross-
correlation coefficients between the PFMs and the
abdominal muscles that were computed from the
30 seconds series of repeated contraction data,
which was likely the result of muscle synergistic
action. This is a logical synergy as the PFMs
close the pelvic outlet and these muscles and their
associated fascia are the only structures within the
pelvis capable of resisting gravitational forces and
intraabdominal pressure.

S. J. Madill et al. (2006) reported that the high
relative activation levels for TrA and internal oblique
muscle are more closely tied synergistically to the
PFMs than rectus abdominis and external oblique
muscle. This finding is consistent with our study
which found that TrA moderately correlated with
the endurance of pelvic floor muscles. Coactivation
of the abdominal muscles with the PFMs has also
been previously reported by R. R. Sapsford et
al. (2001). The results of this study showed that
thickness of the TrA and internal oblique muscle
changes during contraction of PFM. This indicates
that there exists a coactivation between pelvic floor
and abdominal muscles during PFM contraction.
This finding is in accordance with EMG studies
showing a co-contraction of abdominal muscles
during PFM contraction reported by A. M. Arab
and M. Chehrehrazi (2011). They also found that
maximal contraction of the PFM was associated
with the activity of all abdominal muscles which
increases the IAP as well as TrA muscle.Our study
findings also demonstrate that the activation of
transversus abdominis muscle leads to activation
of pelvic floor muscles. Similarly, endurance of
abdominal muscles has also influence on endurance
of pelvic floor muscles.

We found that the correlation between
endurance of transversus abdominis muscle
and that of abdominal muscles was moderately
positive, which can be explained by synergy of
those muscles. During the test of endurance of
abdominal muscles, the activation of transversus
abdominis muscle takes place too, therefore its
condition has certain impact on the test results — the
higher activity of transversus abdominis muscle,
the higher endurance of abdominal muscles. These
findings support the results of study by S. J. Madill
and L. McLean. (2006).

A number of studies done by P. W. Hodges et
al. (2003) and L. Penning (2000) have reported on
the anatomical, biomechanical or neurophysiologic
characteristics and relations of the transversus
abdominis, psoas, quadratus lumborum and
lumbar multifidus muscles in the context of
spinal stability. In our study we found functional
relationships between endurance of abdominal
and back muscles. This can be explained by
antagonistic nature of those muscle groups and in
case of balance between those muscles they have
influence on each other.
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CONCLUSIONS AND
PERSPECTIVES

1. The findings showed that functional indicators
of muscles were directly associated with each
other in men with prostate cancer.

2. The strength of pelvic floor correlated with
endurance of pelvic floor muscles, endurance
of abdominal and back muscles, strength of
diaphragm and transversus abdominis muscles
in men with prostate cancer.

3. The results of this study confirmed that
functional relations between pelvic floor,
diaphragm, and trunk muscles existed in men
with prostate cancer.

We think that our findings have important
clinical implications for PFM rehabilitation. First,
the results of the study suggest that the contraction
of PFM is associated with strength of diaphragm,

status of abdominal muscles and activity of
transversus abdominis muscle. Exercises of these
muscles should be considered in the rehabilitation.
Attempts to normalise the coordination between
abdominal and PFM may be an important step
in rehabilitation. This requires multifaceted
assessment of the activity of PFM and abdominal
muscles.

The second clinical implication is that the initial
activation of PFM could be achieved by gentle
contraction of transversus abdominis muscle in
some men. This might be helpful in men who have
problems with the perception of their pelvic floor
and who are not able to contract their PFM because
of decreased pelvic floor awareness.

In the future it would be interesting to
analyse how such functional relationships change
following surgery, when poor balance of muscles
appears and how the muscles change throughout
the rehabilitation process.
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PROSTATOS VEZIU SERGANCIU VYRU DUBENS DUGNO,
DIAFRAGMOS IR LIEMENS RAUMENU FUNKCINES SASAJOS

Brigita Zachovajeviené'3, Laimonas SiupSinskas', Pavelas Zachovajevas?3,
Daimantas Milonas', Loreta Lapinskaité'
Lietuvos sveikatos moksly universitetas, Sporto institutas’, Kaunas, Lietuva
Lietuvos kiino kultiiros akademija®, Kaunas, Lietuva
Kauno kolegija’, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Zmogaus raumenys néra izoliuoti vieni nuo kity. Jungtys, egzistuojan¢ios
tarp raumenuy, specialistus, dirban¢ius su Zzmogaus kiinu, skatina mastyti kitaip (Myers, 2009). Hipotezé: tarp vyry,
serganciy prostatos véziu, dubens dugno, diafragmos ir liemens raumeny egzistuoja funkciniai rysiai.

Tikslas — ivertinti dubens dugno, diafragmos ir liemens raumeny funkcines sasajas tarp vyry, serganéiy prostatos
véziu.

Metodai: Buvo tiriamas 81 savanoris vyras. Jiems buvo diagnozuotas prostatos vézys. Matavimai atlikti diena
pries prostatos Salinimo operacija. Dubens dugno raumeny jéga ir i§tvermé buvo matuojama naudojant perincometra
,Peritron 9300, diafragmos jéga — “MicroRPM*®, skersinio pilvo raumens aktyvumas — ,,Stabilizer”, o liemens
raumeny statiné iStvermé jvertinta atlickant pilvo ir nugaros statinius atlikties testus. Funkcinés sasajos (rodikliy
priklausomyb¢) ivertintos skaic¢iuojant Pirsono koreliacijos koeficienta (r).

Rezultatai. Tarp dubens dugno ir diafragmos raumeny jégos (r = 0,79), diafragmos ir iSkvépimo raumeny jégos
(r = 0,78) bei tarp pilvo ir nugaros raumeny statinés iStvermeés (r = 0,72) nustatyta stipri tiesiné priklausomybé.
Vidutinio stiprumo tiesiné priklausomybé nustatyta tarp $iy raumeny: dubens dugno raumeny i§tvermés ir skersinio
pilvo raumens jégos (r = 0,59), skersinio pilvo raumens jégos ir statinés pilvo raumeny istvermés (r = 0,69),
diafragmos jégos ir statinés pilvo (r = 0,56), nugaros raumeny (r = 0,51) i§tvermés bei iSkvépimo raumeny jégos
ir statinés pilvo raumeny iStvermés (r = 0,57) bei dubens dugno jégos (r = 0,65), tarp dubens dugno raumeny
jégos ir statinés nugaros istvermés (r = 0,50). Silpna tiesiné priklausomybé nustatyta tarp dubens dugno raumeny ir
skersinio pilvo raumens jégos (r = 0,32) bei statinés pilvo i§tvermés (r = 0,44), dubens dugno istvermés ir iSkvépimo
raumeny jégos (r = 0,37) bei skersinio pilvo ir statinés nugaros raumeny istvermés (r = 0,39). Visy funkciniy rodikliy
koreliacijos statistiS8kai reikSmingos (p < 0,01).

Aptarimas ir isvados. Tyrimas parodé, kad raumeny funkciniai rodikliai tarpusavyje susij¢: dubens dugno
raumeny jéga koreliuoja su dubens dugno raumeny i$tverme, statine pilvo ir nugaros raumeny i$tverme, diafragmos
ir skersinio pilvo raumens i$tverme. Galima teigti, kad tarp dubens dugno, pilvo bei liemens raumeny egzistuoja
funkcinés sasajos.

RaktaZodziai: pilvo raumenys, statiné iStvermé, kvépavimas, stabilumas.
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LABORATORY ASSESSMENTS AND FIELD
TESTS IN PREDICTING COMPETITIVE
PERFORMANCE OF SWIMMERS

Ilona Judita Zuoziené, Jonas Poderys
Lithuanian Academy of Physical Education, Kaunas, Lithuania

ABSTRACT

Research background and hypothesis. The assessments of functional fitness of swimmers includes the analyses
of the physical, physiological and biomechanical indices for scientific purposes. The hypothesis is that dynamical
parameters registered while performing field testing tasks could be more informative than laboratory assessments in
predicting the performance abilities.

The aim of the study was to compare the informativeness of field tests and laboratory assessments in predicting
the possible performance of athletes in the 50 m distance.

Research methods. Twelve professional swimmers took part in three testing procedures. First, each participant
performed a test in water to establish the traction force parameters and indices of muscle power and anaerobic
capacity. Second, the subjects performed a control 50 m freestyle swim the best they could. Third, the indices of
relative muscle power during jumping tasks, anaerobic capacity, and functional indices of cardiovascular system
were assessed during laboratory testing.

Research results. Significant correlation was found between the results in 50 m swimming and traction forces
while performing testing tasks in water or out of water with arms or arms and legs together. However, there was
no statistically significant correlation between the results in swimming and the height of vertical jump. Still there
exists significant correlation (p < 0.05) between the speed and force components as well as fatigability index and the
competition result (r =—-0.47; r = 0.56 and r = 0.67, respectively).

Discussion and conclusions. Dynamical parameters measured in the swimming pool while performing field
tests are more suitable than the data of laboratory research for predicting the results of swimmers in the 50m freestyle
swim. The vertical high jump tests and indices of ECG allow distinguishing the factors limiting the working capacity
of athletes.

Keywords: swimming, functional fitness, field test.

INTRODUCTION

arious methodological approaches could
be applied in assessing the level of fitness
and functional state of athletes as well as
in predicting their performance (Noakes, 2002;
Barbosa et al., 2010; Cortesi et al., 2010). Still
the specific nature of the various kinds of sports
is a significant factor in selecting tests and control
exercises (Bosco et al., 1983; Counsilman, 1982;
Carl et al., 2010; Cortesi et al., 2010). Therefore,

adapted tests, i. e. tests when the workload given
during the testing corresponds to the specific
manner of the sports action, are far more suitable
for assessing special fitness of athletes in any kind
of sports. The aim of this study was to compare
the informativeness of field tests (testing indices
obtained in the swimming-pool) and laboratory
assessments for predicting the competitive
performance of swimmers in the 50 m distance.
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RESEARCH METHODS

The participants of the study were 12 male
swimmers (age — 18.63 £ 0.6 years, body mass —
72.6 £ 2.57 kg). All swimmers were of Lithuanian
national category level, specializing in sprint
and middle distances (50, 100 and 200 m). The
participants of the study took part in three testing
procedures.

The first testing procedure consisted of
establishing the indices of muscle power and
anaerobic capacity with special field tests being
applied. Maximum traction out of water in isometric
regime in the middle of the pull (F,); pulling force
in water in tethered swimming: a) swimming
by hand movements (F,); b) swimming by leg
movements (F,) and c¢) swimming by absolutely
coordinated movements of hands and legs (F,)
were investigated. On the basis of the measuring
obtained, such relative indices as relative traction
out of water (F(relat.) = F /body mass); relative
pulling force in water (Fw (relat) = F./body
mass); force realization index FI = F/F, x 100%
and force coordination index (FCI = F/(F, + F)
x 100%) were calculated. Performing swimming
test with the duration of 30 s, the maximum force
(Fmax and F30) generated in the distance and force
endurance index (FEI30s = F30/Fmax x 100%)
were calculated.

The second testing procedure consisted in the
50 m freestyle striving for maximum performance.
The third testing procedure was aimed at assessing
the working capacity and functional condition of
swimmers with laboratory tests being applied.
The program of laboratory research consisted
of assessment of the indices of speed and force
components of muscular contraction, power and

anaerobic working capacity during the jumping
tests (Poderys et al., 2008), as well research done
in the functional condition of the body applying
the computerized system “Kaunas—load” designed
for the registration and analysis of 12-leads
electrocardiogram (ECG). All jumping tasks
were performed on the contact plate that allowed
registering changes in the height and power of the
jumps performed and to calculate the values of
speed and force components (Poderys et al., 2007).
The ECG was reordered continuously during 30-s
vertical jump test and the next indices were taken
for analysis: HR ., JT,.., ST segment depression
JT ccovery during the first 2 minutes after workload,
index of PWC,, and integral index of body
functional state. The integral index of functional
state was calculated according the dynamics or
HR, JT interval and muscular performance during
the testing workload (Vainoras, 2002).

In the process of the analysis of research
results, correlations between the performance
results achieved in the 50 m swim and other indices
of were analysed.

RESEARCH RESULTS

The data obtained during the study showed that
for predicting the results of swimmers in the 50 m
freestyle, the results in field tests were the best
predictors of competitive performance compared
to those of laboratory research (Table). Though a
greater number of indices were registered during
the research carried out (indices are given in
“Research Methods”), Table contains indices
having logical meaning and significant for the
substantiation of the conclusions formulated in the
present paper. Smaller in extent but still statistically

Table 1. Correlation
values between the FIELD RESEARCH (TESTS IN THE SWIMMING POOL)
result achieved by : Pulling force in water 30—s swimming test
the subjects in the Traction out & £
50m swim and other | Of water F, F, F, Fyono. FEI ,,,
indices of fitness or
functional state —0.71%* —0.84* 0.23 —0.66* —0.74* —0.76*
INDICES OF VERTICAL JUMPS
Jump height Relative Speed Force Apaerobic . Fatigabili.ty during
muscle power | component component working capacity 30—s jumps
0.13 0.21 0.47* 0.56* —0.52* 0.67*
ECG INDICES DURING ANAEROBIC 30-s WORKLOAD
ST segment Integral
Note. * — statistically HR,,, I T depression JT recovery PWC; assessment
significant values of the
correlation (p < 0.05). 0.14 -0.26 0.07 -0.47* —0.33* —0.42%*
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significant was the correlation between the result
achieved in the 50 m swim and some relative
indices investigated, i. e. relative pulling force in
water (r =—0.56, p <0.05), relative traction out of
water FCI (r = 0.59, p < 0.05). Correlation values
presented in the Table indicate that field tests, i. e.
the results of measuring and tests done, report
athletic fitness more precisely than the data of
laboratory research, as well as their possibilities to
achieve high results in the 50 m swim.

The results of the present research, however,
should no statistically significant correlation
between the result in swimming and the height of
the vertical jump (r = 0.13, p > 0.05). Still there
exists significant correlation (p < 0.05) between the
speed and force components as well as fatigability
index and the competition result (r =—0.47; r = 0.56
and r = 0.67, respectively).

DISCUSSION

Field tests are carried out under the natural
conditions and in sport they are used to analyse
the effects of training, for talent identification,
measuring an athlete’s physiological capabilities
and functional state (Young, 2001). The results
obtained during this study showed that field tests,
1. e. the results of measuring and tests done in the
swimming pool, are more suitable than the data
of laboratory research for predicting the results of
swimmers in the 50 m freestyle swim. No doubt,
such result was expected, but the main interest of
this study was to compare the informativeness of
various laboratory measurements.

Testing and measurement, are the means of
collecting information upon which the performance
evaluations and decisions should be done, but in
the analysis it is necessary to take into account the
factors that may influence the results. On the one
hand, the sports results and their dynamics are the
best indices of performance abilities of athletes,
but on the other hand, not in all athletic events
this approach could be applied in practice for
themanagement of training (Young, 2001; Winter et
al., 2007). Various testing procedures and various
indices were applied for these purposes. Analysis of
factors determining sports performance supports
the notion that the power of muscular contraction is
very important for the fast performance of push-up
during the start (Counsilman, 1982; Barbosa et al.,
2010; Cortesi et al., 2010). On the other hand, leg
muscles make the greatest part of the whole muscle
mass of the body. Thus it is believed that their force
and speed estimates show the effect generated by

these muscles and thus are one of the main factors
determining effective swimmer start and all sports
performance (Cortesi et al.,, 2010; Douda et al.,
2010). The simplest and most frequently used
index of explosive force is the maximal height of
vertical jump (Christopher, 2000). Applying tests
of vertical jumps allows one to easily adapt oneself
to the obligatory metrological requirements (Bosco
et al, 1983; Maud, Foster, 1995; Christopher,
2000; Poderys et al., 2007). The results of the
present research, however, showed no statistically
significant correlation between the result in
swimming and the height of the vertical jump.
Still there exists correlation between speed and
force components, as well as fatigue index, and the
competition result — these indices are significant
and should be taken into account when performing
laboratory research in the functional condition and
fitness of swimmers.

The computerized ECG registration and
analysis system Kaunas—load” have been applied
for a long time for the assessment of functional
fitness and functional state of members and
candidates to the Lithuanian Olympic team of
various kinds of sport, including swimmers
(Korsakas et al., 2002; Poderys, 2003; Ezerskis,
2009). This system enables one to register a lot of
functional indices of cardiovascular system during
workloads and to carry out the integral assessment,
as well as to perform the standardized assessment
of important ECG indices. The present research
pursued a specific and relatively narrow task, i.e.
to assess the possibilities of athletes in the 50 m
swim. It was only separate indices of CVS that
correlated with the results shown in the 50 m swim
to a smaller extent than the indices registered in
the swimming-pool (Table). One cannot make
absolute generalizations and assert, however, that
these indices are of less importance. Function
fitness of supplying systems is important in the
events of all kinds of sports (Maud, Foster, 1995;
Spencer et al., 1996; Vainoras, 2002). Comparing
the results obtained in the process of our research
or, to be more exact, the cardiovascular indices of
the swimmers who showed the best and the worst
results the individual differences in the indices
of PWCI170, the index of integral assessment,
adaptation to the speed of the loads undertaken,
the maximum change between the JT interval of
ECG and the RR interval relation when performing
vertical jumps for 30-s, as well as change in the
JT interval and its recovery during the first two
minutes were established. In general, the indices
registered by the ECG registration and analysis



118

llona Judita Zuoziené, Jonas Poderys

system ‘“Kaunas—load” allowed distinguishing
out the single and individual factors limiting
the working capacity of athletes and providing
individual recommendations aimed at managing
the process of training.

CONCLUSIONS AND
PERSPECTIVES

1. Field tests, i. e. the results of measuring and
tests done in the swimming pool, are more suitable
than the data of laboratory research in predicting
the results of swimmers in the 50m freestyle swim.

2. The tests of vertical high jump used in
assessing the power of muscular contractions do

not allow predicting the possibilities of swimmers
to achieve good results in the 50m swim. Still
there exists correlation between speed and force
components, as well as fatigue index and the
competitive result — these indices are significant
and should be taken into account when performing
laboratory assessment of fitness for swimmers.

3. The dynamics of separate indices of
ECG allows distinguishing the factors limiting
the working capacity of athletes and providing
individual recommendations important for the
management of the training process. However, no
significant correlation was found between integral
or separate indices of cardiovascular system and
swimming performance in 50 m swim.
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PLAUKIKU VARZYBINES VEIKLOS PROGNOZAVIMAS
PAGAL LABORATORINIU TYRIMU IR
SPECIALIUJU TESTU REZULTATUS

Ilona Judita Zuoziené, Jonas Poderys
Lietuvos kiino kultiiros akademija, Kaunas, Lietuva

SANTRAUKA

Tyrimo pagrindimas ir hipotezé. Plaukiky parengtumui vertinti praktikoje ir moksliniy tyrimy metu daznai
analizuojami fiziniy ir funkciniy galiy, techninio parengtumo rodikliai. Tyrimu tikrinama hipotezé, kad dinaminiy ir
funkciniy rodikliy tyrimas adaptuotais testais specifinémis salygomis yra informatyvesnis uz laboratorinius tyrimus
prognozuojant pasiekimy galimybes sprinto rungtyse.

Tikslas — palyginti adaptuoty praktiniy testy (tyrimy, atliekamy baseine) ir laboratoriniy tyrimy informatyvuma
prognozuojant plaukiky 50 m nuotolio rezultatus.

Metodai. 12 profesionaliy plaukiky vyry tirti tris kartus: pirma karta traukio jégos ir anaerobinio darbingumo
rodikliai buvo nustatomi kompiuterizuota dinamografine sistema plaukiant; antra — 50 m plaukiama laisvuoju stiliumi
siekiant maksimalaus rezultato; trecig — {vertintas plaukiky darbingumas ir funkciné bukl¢ atliekant laboratorinius
tyrimus.

Rezultatai. Tyrimas parodé, kad reik§Smingai su 50 m plaukimo rezultatu koreliavo traukio jéga tiriant sausumoje,
traukio jéga vandenyje plaukiant vien rankomis, visiskai suderintais ranky ir kojy judesiais, 30 s plaukimo testo metu
pasiekta maksimaliaja traukio jéga. Koreliacija tarp plaukimo rezultato ir vertikalaus Suolio auksc€io rodikliy nebuvo
reik§minga, taciau reikSmingai (p < 0,05) koreliavo plaukimo rezultatas su jégos ir greitumo komponentais bei
raumeny nuovargio rodikliu (r =-0,47; r = 0,56 ir r = 0,67 atitinkamai).

Aptarimas ir isvados. Plaukiky, plaukianciy 50 m laisvuoju stiliumi, rezultatams prognozuoti tinkamesni yra
baseine atlikty testy ir matavimy rezultatai, nei laboratoriniy tyrimy duomenys. Vertikaliy Suoliy testai ir EKG
rodikliai yra naudotini vertinant plaukiky parengtuma ir funkcing biklg, iSskiriant darbinguma ribojancias grandis.

RaktaZodZiai: plaukimas, funkcinis parengtumas, specialieji testai.
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REIKALAVIMAI AUTORIAMS

1. Bendroji informacija
Zurnale spausdinami originaldis straipsniai, kurie nebuvo skelbti kituose mokslo leidiniuose (idskyrus
konferenciju teziu leidiniuose). Mokslo publikacijoje skelbiama medziaga turi biti nauja, teisinga, tiksli
(eksperimento duomenis galima pakartoti, jie turi biti jvertinti), aiskiai ir logiskai iSanalizuota bei aptarta.
Pageidautina, kad publikacijos medziaga jau biity nagrinéta mokslinése konferencijose ar seminaruose.
Originaliy straipsniy apimtis — iki 10, apzvalginiy — iki 20 puslapiy. Autoriai, norintys spausdinti apzvalginius
straipsnius, ju anotacija turi i§ anksto suderinti su Redaktoriy kolegija.
Straipsniai skelbiami angly kalba su i§samiomis santraukomis angly ir lietuviy kalbomis.

Straipsniai recenzuojami. Kiekviena straipsni recenzuoja du Redaktoriy kolegijos nariai arba ju parinkti
recenzentai.

Autorius (recenzentas) gali turéti slaptos recenzijos teisg. Dél to jis ispéja vyriausiaji redaktoriy laiske,
atsiystame kartu su straipsniu (recenzija).

Du rankra$¢io egzemplioriai ir CD diskas siun¢iami zurnalo ,,Ugdymas. Kiino kultiira. Sportas® Redaktoriy
kolegijos atsakingajai sekretorei Siais adresais:

Zurnalo ,, Ugdymas. Kino kultiira. Sportas “ atsakingajai sekretorei Daliai Mickevicienei
Lietuvos kiino kultiros akademija, Sporto g. 6, LT-44221 Kaunas
E-mail zurnalas@lkka.lt

Zinios apie visus straipsnio autorius. Biitina pateikti garantini rasta, patvirtinanti, kad straipsnis yra originalus
ir niekur kitur nepublikuotas.

Gaunami straipsniai registruojami. Straipsnio gavimo pastu data nustatoma pagal Kauno pasto zymekl;.

2. Straipsnio struktiiros reikalavimai
Titulinis lapas. Pateikiamas straipsnio pavadinimas, autoriy vardai ir pavardés, darbovietés, nurodomas
adresas susiraSinéti.

Santrauka. Santraukoje (250 ZodZiy) svarbu atskleisti moksling problema, jos aktualuma, tyrimo tikslus,
uzdavinius, metodus, pateikti pagrindinius tyrimo duomenis, ju aptarima (lyginant su kity autoriu tyrimy
duomenimis), i§vadas. Santraukoje turi baiti i§skirti tokie poskyriai: Tyrimo pagrindimas ir hipotezé. Tikslas.
Metodai. Rezultatai. Aptarimas ir iSvados.

RaktaZodZiai. 3-5 informatyvis zodziai ar frazés (negali biiti né vieno zZodzio, esancio pavadinime).

Ivadas. Jame nurodoma tyrimo problema, jos iStirtumo laipsnis, sprendimo naujumo argumentacija (teoriniy
darby), pazymimi svarbiausi tos srities mokslo darbai, tyrimo tikslas, objektas ir originali hipotezé.
Metodika. Sioje dalyje turi biti pagristas konkre¢ios metodikos pasirinkimas. Bitina aiskiai apibadinti
tirlamuosius, tyrimo metody procediiras ir tyrimo eiga. Jei taikomi tyrimo metodai néra labai paplit¢ ar
pripazinti, reikia nurodyti priezastis, skatinusias juos pasirinkti. ApraSomi originaliis metodai arba pateikiamos
nuorodos { literatiiroje aprasytus standartinius metodus, nurodoma aparatiira (jei ji naudojama). Biitina nurodyti
naudotus matematinés statistikos metodus (statistini patikimuma, statisting galia, pasikliautingji intervala,
dydzio efekta), paaiskinti, kaip buvo pasirinktas imties kiekis. Tyrimo metodai ir organizavimas turi biiti
aiSkiai ir logiskai i§déstyti. Straipsnyje neturi biiti informacijos, pazeidziancios tiriamy asmeny anonimiskuma.
Zmoniy tyrimai turi biiti atlikti remiantis Helsinkio deklaracijos principais.

Tyrimo rezultatai. Rezultatai turi buti pateikiami glaustai, nuosekliai ir logiSkai nekartojant metodikos, pazymimas
ju statistinis patikimumas ir galingumas. Siame skyriuje nerekomenduojama aptarti tyrimo rezultaty.
Rekomenduojame duomenis pateikti ne lentelése, bet grafikuose.

Rezultaty aptarimas. Aptarimo pradZioje rekomenduojame pateikti pagrindinius originalius straipsnio
teiginius (i§vadas), kilusius i§ tyrimo duomeny. Rezultaty aptarima biitina struktiirizuoti i§skiriant potemes
(kiekviena originaly atrasta teigini rekomenduojame aptarti atskira poteme). Tyrimo rezultatai ir iSvados
lyginami su kity autoriy skelbtais duomenimis, ivertinami ju tapatumai ir skirtumai. Ypa¢ svarbu pabrézti
tyrimo duomeny originaluma. Reikia vengti kartoti tuos faktus, kurie pateikti tyrimy rezultaty dalyje.

ISvados ir perspektyvos. ISvados turi biiti formuluojamos aiSkiai ir logiskai, vengiant tus¢iazodziavimo.
ISvados turi biiti pagristos tyrimo rezultatais ir patvirtinti arba paneigti tyrimo hipoteze. Svarbiausias iSvady
reikalavimas — jos turi biiti originalios pasaulyje. Biitina nurodyti tolesniy tyrimy perspektyvas.

Padéka. Dékojama asmenims arba institucijoms, padéjusiems atlikti tyrimus. Nurodomos organizacijos ar
fondai, finansave tyrimus (jei tokie buvo).

Literatiira. Cituojami tik publikuoti mokslo straipsniai ir monografijos (iSimtis — apginty disertacijy
rankra$ciai). | sarasa jtraukiami tik tie Saltiniai, i kurivos yra nuorodos straipsnio tekste. Mokslinio straipsnio
literatiiros sarasas neturéty virSyti 20 Saltiniy, apzvalginio — 30.
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3. Straipsnio jforminimo reikalavimai

Straipsnio tekstas turi biiti iSspausdintas kompiuteriu vienoje standartinio A4 formato (210 x 297 mm) balto
popieriaus lapo puséje, intervalas tarp eilu¢iy 6 mm (1,5 intervalo), Srifto dydis 12 pt. Parastés: kairéje — 3 cm,
desingje — 1,5 cm, virSuje ir apacioje po 2,5 cm. Puslapiai numeruojami apatiniame deSiniajame kraste, pradedant
tituliniu puslapiu, kuris pazymimas pirmu numeriu (1).

Straipsnis turi biiti suredaguotas, spausdintas tekstas patikrintas. Pageidautina, kad autoriai vartoty tik
standartinius sutrumpinimus ir simbolius. Nestandartinius galima vartoti tik pateikus ju apibrézimus toje
straipsnio vietoje, kur jie jraSyti pirma karta. Visi matavimy rezultatai pateikiami tarptautinés SI vienety
sistemos dydziais. Straipsnio tekste visi skaifiai iki deSimt imtinai raSomi zodziais, didesni — arabiSkais
skaitmenimis.

Tituliniame straipsnio lape pateikiama: a) trumpas ir informatyvus straipsnio pavadinimas (ne daugiau kaip 80);
b) autoriy vardai ir pavardés; c) institucijos, kurioje atliktas tyrimas, pavadinimas; d) autoriaus, atsakingo uz
korespondencija, susijusia su pateiktu straipsniu, vardas, pavardé, adresas, telefono numeris, elektroninio pasto
adresas. Jei autorius nori turéti slaptos recenzijos teisg, pridedamas antras titulinis lapas, kuriame nurodomas
tik straipsnio pavadinimas. Tituliniame lape turi biiti visy straipsnio autoriy parasai.

Santraukos angly ir lietuviy kalbomis pateikiamos atskiruose lapuose. Tame pac¢iame lape sura§omi raktazodziai.

Lentelé (pageidautina ne daugiau kaip 3—4 lent.) turi turéti eilés numeri (numeruojama ta tvarka, kuria
pateikiamos nuorodos tekste) ir trumpa antrastg. Visi paaiskinimai turi buti straipsnio tekste arba trumpame
prierase, iSspausdintame po lentele. Lentelése vartojami simboliai ir sutrumpinimai turi sutapti su vartojamais
tekste. Lentelés vieta tekste turi biiti nurodyta kairéje parastéje (pieStuku).

Paveikslai (pageidautina ne daugiau kaip 4-5 pav.) suzymimi eilés tvarka arabiskais skaitmenimis. Pavadinimas
raSomas po paveikslu, pirmiausia pazymint paveikslo eilés numerj, pvz.: 1 pav. Paveikslo vieta tekste turi biiti
nurodyta kairéje parastéje (piestuku). Paveikslus praSytume pateikti atviru formatu (kad biity galima redaguoti).
Literatiiros sarase Saltiniai nenumeruojami ir vardijami lotyny abécélés tvarka pagal pirmojo autoriaus pavardg.
Pirma vardijami S$altiniai lotyniSkais raSmenimis, paskui — rusiSkais. Pateikiant zurnalo (mokslo darby)
straipsni, turi biiti nurodoma: a) autoriy pavardés ir vardy inicialai (po pavardés); b) zurnalo i$leidimo metai;
c) tikslus straipsnio pavadinimas; d) pilnas Zurnalo pavadinimas; ¢) Zurnalo tomas, numeris; f) atitinkami
puslapiuy numeriai. Jeigu straipsnio autoriy daugiau kaip penki, pateikiamos tik pirmy trijy pavardés priduriant
et al, i kt.“) wm op.*

Aprasant knyga, taip pat pateikiamas knygos skyriaus pavadinimas ir jo autorius, knygos leidéjas (institucija,
miestas).

Jeigu to paties autoriaus, ty paciy mety Saltiniai yra keli, biitina literatiiros sarase ir straipsnio tekste prie mety
pazymeéti raides, pvz.: 1990 a, 1990 bir t. t.
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INFORMATION TO AUTHORS

1. General information

All papers submitted to the journal should contain original research not previously published (except preliminary reports
or conference thesis). The material published in the journal should be new, true to fact and precise. The methods and
procedures of the experiment should be identified in sufficient detail to allow other investigators to reproduce the results.
It is desirable that the material to be published should have been discussed previously at conferences or seminars.
Original articles (manuscripts) are up to 10 printed pages, review articles (manuscripts) — up to 20 printed pages. Authors
who wish to submit a review article should correspond with the Editorial Board regarding the appropriateness of the
proposed topic and submit a synopsis of their proposed review before undertaking preparation of the manuscript.
Articles will be published in the English language with comprehensive resumes in English and Lithuanian.

All papers undergo the regular review process by at least two members of the Editorial Board or by expert reviewers
selected by the Editorial Board.

The author (reviewer) has the option of the blind review. In this case the author should indicate this in their letter of
submission to the Editor-in-Chief. This letter is sent along with the article (review).

Two copies of the manuscript and a Compact disk should be submitted to the Executive Secretary of the journal to the
following address:

Dalia Mickeviciené, Executive Secretary of the Journal “Education. Physical Training. Sport”
Lithuanian Academy of Physical Education, Sporto str. 6, LT-44221, Kaunas, LITHUANIA
E-mail zurnalas@lkka.lt

Data about all the authors of the article (address, e-mail, fax and phone number, research interests of the authors) should
be presented, as well as a guarantee letter proving that the article submitted is original and not previously published.

All papers received are registered. The date of receipt by post is established according to the postmark of Kaunas post-office.

2. Requirements for the structure of the article
The title page contains the title of the article; the authors’ names and surnames; the names of the institutions where the
authors work or study (indicating the city and the country); the address for correspondence.

The abstract (250 words) is given in English and Lithuanian. It is important to reveal the scientific problem, its topicality,
the aims of the research, its objectives, methods, to provide major data of the research, its discussion (in comparison
with the research data of other authors) and conclusions. The abstract should be structured into the following sections:
Research background and hypothesis. Research aim. Research methods. Research results. Discussion and conclusions.

Keywords: from 3 to 5 informative words and / or phrases (they should not appear in the title of the article).

Introduction. It should contain a clear statement of the problem of the research, the extent of its solution, the new
arguments for its solution (for theoretical papers), most important papers on the subject, the aim, the object and the
original hypothesis of the study.

Research methods. In this part the choice of specific methods of the research should be grounded. The research
participants, methods, apparatus and procedures should be identified in sufficient detail. If the methods of the research
used are not well known and widely recognized the reasons for the choice of a particular method should be stated.
References should be given for all non-standard methods used. Appropriate statistical analysis should be performed
based upon the experimental design carried out. It is necessary to indicate the methods of mathematical statistics applied
(statistical reliability, statistical power, confidence interval, effect size), and to explain the estimation of the sample size.
Do not include information that will identify human subjects. Research involving human subjects should be carried out
following the principles of the Declaration of Helsinki.

Research results. Findings of the study should be presented concisely, consistently and logically, not repeating the chosen
methods. The statistical significance and statistical power of the finding should be denoted. We recommend presenting the
data in diagrams and not in tables.

Discussion. At the beginning of the discussion section the authors should provide major original research statements
(conclusions) that are supported by the data. We recommend structuring the discussion of the findings into subsections (each
original research finding should be discussed in a different subsection). The data and the conclusions of the research are
compared to the data obtained by other researchers evaluating their similarities and differences. Authors should emphasize
the original and important features of the study and avoid repeating all the data presented within the results section.

Conclusions and perspectives. The conclusions provided should be formulated clearly and logically avoiding excessive
verbiage. Conclusions supported by the research results should confirm or reject the research hypothesis. The most
important requirement for the research conclusions is their originality in the world. It is necessary to indicate the further
perspectives of the research.

Acknowledgements. On the Acknowledgement Page the authors are required to state all funding sources, and the names
of companies, manufacturers, or outside organizations providing technical or equipment support (in case such support had
been provided).

2.10. References. Only published materials (with the exception of dissertations) and sources referred to in the text of the article

should be included in the list of references. There should not be more than 20 references for original investigations and
30 references for review articles.
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3. Requirements for the preparation of manuscripts

Manuscripts must be typed on white standard A4 paper (210 %X 297 mm) with the interval between lines 6 mm
(1.5 line spaced), with a character size at 12 points, with 3 cm margin on the left and 1.5 cm on the right, with
a 2.5 cm margins at the top and the bottom of the page. Pages are numbered in the bottom right-hand corner
beginning with the title page numbered as Page 1.

The manuscript should be brief, clear and grammatically correct. The typed text should be carefully
checked for errors. It is recommended that only standard abbreviation and symbols be used. All abbreviations
should be explained in parentheses after the full written-out version of what they stand for on their first occurrence
in the text. Non-standard special abbreviations and symbols need only to be defined at first mention. The results
of all measurements and symbols for all physical units should be those of the System International (SI) Units.
In the text of the article all numbers up to ten are to be written in words and all numbers starting from eleven
on — in Arabic figures.

The title page should contain: a) a short and informative title of the article (no more than 80 characters without
spaces); b) the first names and family names of the authors; ¢) the name and the address of the institution and the
department where the work was done; d) the name, address, phone number, E-mail number, etc. of the author
to whom correspondence should be sent. If a blind review is requested a second title page that contains only the
title is needed. The title page should be signed by all authors of the article.

Abstracts in the Lithuanian and English languages are supplied on separate sheets of paper. This sheet also
should contain keywords.

Every table (no more than three — four tables are recommended) should have a short subtitle with a sequential
number given above the table (the tables are numbered in the same sequence as that of references given in the
text). All explanations should be in the text of the article or in a short footnote added to the table. The symbols
and abbreviations given in the tables should coincide with the ones used in the text. The location of the table
should be indicated in the left-hand margin (in pencil).

All figures (no more than four-five figures) are to be numbered consecutively giving the sequential number in
Arabic numerals, e. g. Figure 1. The location of the figure should be indicated in the left-hand margin of the
manuscript (in pencil). The figures should be presented in open file formats so that they could be edited.

References should be listed in alphabetical order taking account of the first author. First the references in
Latin characters are given, then — in Russian (Cyrillic) characters. For journal (research) articles the following
information should be included: a) author names (surnames followed by initials), b) the date of publication,
¢) the title of the article with the same spelling and accent marks as in the original, d) the journal title in full,
e) the volume number, f) inclusive page numbers. When five or more authors are named, list only the first three
adding “et al.”

For books the chapter title, chapter authors, editors of the book, publisher’s name and location (institution, city)
should be also included.

In the case when there are several references of the same author published in the same year, they must be marked
by letters, e. g. 1990 a, 1990 b, etc. in the list of references and in the article, too.
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MODERNIO]J]
NEUROREABILITACIJA

JUDESIU VALDYMAS
IR
PROTO TRENIRUOTE

Modernioji neuroreabilitacija remiasi fiziologijos, biomechanikos, ana-
tomijos, psichologijos, neurologijos, judesiy mokslo, kibernetikos ir far-
makologijos pasiekimais. Neuroreabilitacijos modernumas grindZziamas
tuo, kad galvos smegenis (ir nugaros smegenis) galima lavinti arba atkurti
(reabilituoti) ju funkcijas, valingai atliekant {vairius pratimus, panaudojant
robotus, neuroprotezus arba vartojant farmakologines medZziagas.
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Nuosirdziai sveikiname!
Congratulations!

Lietuvos kiino kultiiros akademijos doktorant¢ Laurg Daniuseviciiite, 2012 m.
birzelio 21 d. Lietuvos kiino kultiiros akademijoje apgynusia biomedicinos moksly
(biologijos) daktaro disertacija tema ,,Motorinés sistemos nuovargio priklausomumas
nuo motery menstruacinio ciklo fazés*.

Moksliné vadové doc. dr. Saulé Sipaviciené.

We congratulate Laura Daniuseviciaité, the student of doctoral studies at the
Lithuanian Academy of Physical Education, to have defended her thesis “Dependence
of motor system fatigue on female menstrual cycle phase” (Biomedical Sciences,
Biology) at the Lithuanian Academy of Physical Education on June 21, 2012.
Scientific advisor Assoc. Prof. Dr. Saulé Sipaviciené.

Lietuvos kiino kultiiros akademijos doktorante Rasg Kreivyte, 2012 m. birzelio 29 d.
Lietuvos kiino kulttiros akademijoje apgynusia socialiniy moksly (edukologijos)
daktaro disertacija tema ,,Skirtingy mokymo(si) metodiky bei pagalbiniy priemoniy
taikymo poveikis baudos metimy tikslumui”.
Moksliniai vadovai: prof. habil. dr. Stanislovas Stonkus,

prof. habil. dr. Albertas Skurvydas.

We congratulate Rasa Kreivyté, the student of doctoral studies at the Lithuanian
Academy of Physical Education, to have defended her thesis “Effect of applying
different teaching and learning methods and aids on the accuracy of free throws”
(Social Sciences, Educational Sciences) at the Lithuanian Academy of Physical
Education on June 29, 2012.
Scientific advisors: Prof. Dr. Habil. Stanislovas Stonkus,

Prof. Dr. Habil. Albertas Skurvydas.
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