Vojnosanit Pregl 2019; 76(12): 1209-1216.

VOJNOSANITETSKI PREGLED

Page 1209

ORIGINAL ARTICLES
(CC BY-5A) [ C2Cd]

AT ETg
® &,

UDC: 613.72:616-053.2
https://doi.org/10.2298/VSP170517098S

The association between the level of physical activity with spinal
posture and physical fitness parametersin early adolescence

UdruzZenost nivoa fizicke aktivnosti sa stavom kicmenog stuba i parametrima

fizicke sposobnosti 1 ranoj adolescenciji

Aurelija Sidlauskiene*, Birute Strukcinskiene’, Juozas Raistenskis*,
Rimantas Stukas*, Vaiva Strukcinskaite*, Raimondas Buckus*

Vilnius University, Faculty of Medicine, *Institute of Health Science, Vilnius, Lithuania;
Klaipeda University, TFaculty of Health Sciences, K laipeda, Lithuania

Abstract

Background/Aim. A low level of physical activity and se-
dentary lifestyle affects the body posture in adolescents. The
aim of this study was to assess the core relation between the
level of physical activity and spinal posture as well as physi-
cal fitness parameters in 11-14 years old teenagers. Meth-
ods. The cross-sectional study included 532 children, aged
from 11 to 14 years. The study was carried out at three
Lithuanian schools in 2011-2013. The Youth Physical Ac-
tivity Questionnaire (YPAQ) was used to assess physical activ-
ity. Spinal posture was assessed according to the Hoeger visual
posture assessment method. Physical capacity was evaluated us-
ing a 6-min walking test (6 MWT) and by calculating maximum
oxygen consumption (VOzmax). Other physical fitness such as
the general balance, flexibility, explosive leg power and ab-
dominal muscle endurance were evaluated by applying the
European Fitness Test (Eurofit). According to time spent do-
ing moderate to vigorous intensity physical activities (MVPA),
the sample was divided into 2 groups — a low activity level
group and moderate to vigorous intensity physical activity level
group. We compared the spinal posture evaluation results and

Apstrakt

Uvod/Cilj. Nedovoljna fizicka aktivnost i sedentaran stil
Zivota utiCu na stav kicmenog stuba kod adolescenata. Cilj rada
bio je da se proceni povezanost nivoa fizicke aktivnosti i stava
ki¢menog stuba, kao i parametara fizicke sposobnosti kod mla-
dih u ranom adolescentnom dobu (11— 14 godina Zivota). Me-
tode. Studijom preseka obuhvacena su 532 adolescenta, uzrasta
11-14 godina. Studija je sprovedena u tri litvanske skole, u pe-
riodu od 2011. do 2013. godine. Za procenu fizicke aktivnosti
koris¢en je Upitnik fizicke aktivnosti omladinaca — #he Youth
Physical Activity Questionnaire (YPAC). Fizicka aktivnost je pro-
cenjivana  koris¢enjem  Sestominutnog hodanja 1
odredivanjem maksimalne potros$nje kiseonika (VO;max).

testa

physical fitness parameters between groups as well as corre-
lations between the duration of MVPA, spinal posture
evaluation results and physical fitness parameters. Results.
The study showed that 22.2% of teenagers had a low physi-
cal activity level and 16% of teenagers had an incorrect pos-
ture. The teenagers of low physical activity group were less
physically fit and had the poorer posture than teenagers in
the MVPA group. During the 6MWT, the teenagers in the
low physical activity group walked on average 63.2 m less
(p = 0.002), and theit VO;max was 0.8 mL/kg/min lowet (p
= 0.000) than that of teenagers in the MVPA group. The
teenagers in the low physical activity group also did not per-
form as well in the explosive leg power and abdominal muscle
endurance tests compared to teenagers in the MVPA group.
Correlations between the duration of MVPA and spinal
posture evaluation results as well as some physical fitness
parameters were very weak. Conclusion. The teenagers of
low physical activity were less physically capable and had
poorer posture than the teenagers in the MVPA group.

Key words:
adolescent; exercise; physical fitness; posture; spine.

Ostali parametri fizicke sposobnosti, kao §to su opsti balans,
savitljivost, eksplozivna snaga noge i izdrZljivost trbusnih
misi¢a procenjivani su primenom Evropskog testa fizicke spo-
sobnosti — the European Fitnes Test (Eurofit). Prema vremenu
posvecenom fizickoj aktivnosti ispitanici su podeljeni u dve
grupe — grupa sa niskim nivoom fizicke aktivnosti (I grupa) i
grupa sa umerenim do visokim nivoom fizicke aktivnosti (II
grupa). Uporedivani su rezultati stava kiémenog stuba i para-
metara fizicke sposobnosti medu grupama, kao i povezanost
trajanja fizicke aktivnosti umereno-visokog intenziteta, stava
kicmenog stuba i parametara fizicke sposobnosti. Rezultati.
Ukupno 22,2% adolescenata imalo je nizak nivo fizicke aktiv-
nosti, a 16% nepravilan stav kicmenog stuba. Ispitanici I grupe
bili su manje fizicki sposobni i imali su losiji stav kicmenog
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stuba od ispitanika II grupe. Za vreme $estominutnog testa ho-
danja, adolescenti I grupe hodali su prose¢no 63,2 m manje
(p = 0,002) i njihov VO;max bio je za 0,8 mL/kg/min nizi od
VO;max adolescenata IT grupe (p = 0,000). Adolescenti I grupe
bili su slabiji u eksplozivnoj snazi nogu i testu izdrzljivosti
trbusnih misica u poredenju sa adolescentima II grupe. Nadena
je slaba korelacija izmedu trajanja fizicke aktivnosti umerenog
do jakog intenziteta i stava ki¢menog stuba, kao i nekih para-

metara fizicke sposobnosti. Zaklju¢ak. Adolescenti sa slabom
fizickom aktivno$cu bili su manje fizicki sposobni i imali losiji
stav ki¢menog stuba nego adolescenti sa fizickom aktivnos$éu
umerenog do jakog intenziteta.

Kljucne reci:
adolescenti; veZbanje; sposobnost, fizicka; telo,
drzanje; ki¢ma.

Introduction

Physical activity in youth is associated with many
health benefits in school-aged children and young people 2.
Despite the known importance and associated benefits of
regular physical activity in promoting lifelong health and
well-being, some studies suggest that levels of physical ac-
tivity decline dramatically during adolescence > *. The World
Health Organization (WHO) recommends for children and
teenagers to apply at least 60 min of moderate to vigorous in-
tensity physical activity daily °. However, data suggest that
the majority of young people do not meet these guidelines,
with approximately 80% of 13—15 year olds worldwide who
are insufficiently physically active °.

Childhood and adolescence is a period of rapid growth
and development, since the dramatic physiological and psy-
chological changes take place at these ages. Most postural
problems occur in this period. The body posture depends on
many factors, but it is worth emphasizing that a low level of
physical activity and sedentary lifestyle also has a significant
impact on the postural parameters .

Physical fitness is considered to be a useful health
marker already in childhood and adolescence °. Physical fit-
ness is generally considered to be “the ability to perform dai-
ly tasks without fatigue.” Muscular strength, muscular en-
durance, cardiovascular endurance, joint flexibility, and body
composition are the health-related fitness components of fit-
ness '°. Physical fitness is in part genetically determined, but
it can also be greatly influenced by environmental factors.
Physical activity is one of the main determinants ' 2.

However, little is known about the relationship between
the physical activity level and spinal posture as well as the
physical fitness parameters such as physical capacity, bal-
ance, flexibility, muscle power and endurance in the stage of
early adolescence.

M ethods

Sudy design and population

The cross sectional study was carried out at three Lithu-
anian schools in 2011-2013. The study was performed by the
cluster sampling method. All schoolchildren in the Sth —7th
grades were invited to participate. The participation rate was
84.7%. The study population consisted of 532 children, aged
from 11 to 14 years (12.99 £ 0.96 years).

The subjects were examined during the first half of the
day during the physical education classes and according to

the research protocol. The Youth Physical Activity Ques-
tionnaire (YPAQ) was filled in at home by the respondents
with the help of their parents.

The subject’s selection criteria were: 11-14 year old
teenagers and the written parental permission. The subject’s
rejection criteria were: teenagers younger than 11 and older
than 14 years of age; unwillingness to participate in the
study; teenagers excused from participating in physical edu-
cation classes.

The study was conducted with the approval of the Li-
thuanian Bioethics Committee (Protocol No.1.17/3/2011).
The informed consent was obtained in written form from the
parents of each participating child.

Assessment of physical activity

The study used YPAQ . The questionnaire listed vari-
ous physical activities, and participants had to indicate the
frequency and duration of the activities they undertake over
the course of a week, indicating the activities they undertake
on weekdays and weekends. This questionnaire was also
used to evaluate the nature, frequency and duration of physi-
cal activities and passive activities in various settings, e.g., at
school and during free time *.

Every activity was assessed based on the Compendium
of Energy Expenditures for Youth (2008) '* according to the
appropriate Metabolic Equivalent for Task (MET) level, and
the intensity of physical activity was also assessed. Activities
were categorized according to intensity into low-intensity
(<3 MET), medium-intensity (3—6 MET) and vigorous in-
tensity (> 6 MET) groups.

Time spent doing medium to vigorous intensity physi-
cal activity (MVPA) and screen time was calculated based
on the data collected from the questionnaire. The total time
spent doing MVPAs was determined by summing up the du-
ration of MVPAS over the course of one week. The MET
min of physical activity were calculated by using the follow-
ing formula: duration x frequency x MET intensity "°. Based
on the modified recommendations for the evaluation of phys-
ical activity '°, the participants were categorized according to
their total MVPA into physical activity levels: I — low physi-
cal activity < 1,260 MET-min/week; II — moderate-vigorous
physical activity > 1,260 MET-min/week.

The questionnaire was translated into the Lithuanian
language. The back translation was performed, compared
and discussed. The cultural adaptation was performed and
the final version of questionnaire was conducted, and tested
during the pilot study.
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Assessment of spinal posture

Spinal posture was assessed according to the Hoeger
and Hoeger ' visual posture assessment method. The posi-
tioning of ten body segments was awarded 1, 3 or 5 points,
where 1 is poor, 3 is average and 5 is good. Head, shoulder,
spine, hips, knee and ankle positions were assessed in the
frontal plane; neck and upper back, trunk, abdomen, lower
back and legs were assessed in the sagittal plane. General
posture evaluations were calculated by adding the total num-
ber of points acquired from the evaluation of body segments:
50-45 points — excellent posture, 44-40 points — good, 39-30
— average, 29-20 — poor, less than 19 — extremely poor.

Assessment of physical fithess parameters

The 6-minute walking test (6 MWT) was used to assess
physical capacity. This test is reliable for evaluating the physical
capacity not only for the patients with a wide range of diagnoses
but also for the healthy children "**°. During the test, the partici-
pants were separated into groups of 8. The participants were in-
structed to walk for 6 min along the boundary lines of a standard
volleyball court (54 m). The test results were registered as the
distance travelled in 6 min, expressed in m.

Physical capacity was also assessed by a maximum
oxygen consumption (VO,max), which was calculated with
the results of the 6MWT and data about the body mass index
(BMI) entered into a formula developed by Vanhelst et al. *':
VO,max (mL/kg/min) = 26.9 + 0.014 x distance travelled
during the 6GMWT (in m) — 0.38 x BMI (kg/mz).

Physical fitness was also evaluated by applying The Eu-
ropean Fitness Test (Eurofit) 2 in the following order:

Flamingo Balance Test

The test assesses general balance. During the test the par-
ticipant must stand on a balancing beam of a set height on one
leg. Ability to balance was measured by recording the number
of attempts (not falls) to maintain balance on the balancing
beam in 1 min, with the time recorded by chronometer.

St-and-Reach Test

The test of flexibility during which the participant
reaches their hands as far as they can while sitting on a hori-
zontal surface with their legs straight. The result recorded is
the furthest point reached by the tips of the fingers, measured
in cm. For the result to be accurate, the participant must
maintain this position for about 2 sec. The test is slowly car-
ried out twice (the sec time after a brief resting period). The
better result is recorded (measured in cm reached on the cm
ruler on top of the measurement box).

Sanding Long Jump Test

The test assesses explosive leg power in the act of jumping
from a standing position and pushing off with both feet. The test is
carried out twice, and the greater distance jumped is recorded in cm.
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St-ups Test

The test evaluates abdominal muscle endurance. The par-
ticipants must complete as many sit-ups as possible in 30 sec.
Correct position: straight back, fingers interlocked behind the
head, knees bent at a 90 degree angle, sole of the foot on the
floor. The participant must lie back and touch the exercise mat
with their shoulders, and then sit up into the initial position with
their elbows touching their knees. The participants must do a
preparatory sit-up before the test begins. The recorded result is
the number of correctly completed sit-ups in 30 sec.

Satigtical analysis

The statistical analysis was carried out with the IBM
SPSS 20 software package.

A descriptive statistical analysis of the data was conducted,
calculating the arithmetic mean of quantitative data, standard
deviations (SD), minimum (min) and maximum (max) data lim-
its and frequency distributions of qualitative data.

The one-sample Kolmogorov-Smirnov test was used to
test the goodness-of-fit of the data distribution to a standard
normal distribution. The parametric analysis (Student’s t-
test) was applied in order to compare the indicators from the
normal distribution, and nonparametric analysis (Mann
Whitney U-test) was applied to the nonnormal distribution
and ordinal variables.

The Pearson’s and Spearman’s correlation coefficients
(r) were used to determine the correlations (with the Pear-
son’s coefficient for normally distributed interval variables
and the Spearman’s coefficient for interval variables that do
not satisfy the condition of normality and ordinal variables).
The correlation was very weak if r < 0.2; weak if r was in the
interval of 0.2-0.39; moderate if r was in the interval of 0.4—
0.69; strong if r was in the interval of 0.7-0.89 and very
strong if r was greater than 0.9. The differences considered
statistically significant if p was less than 0.05 (p < 0.05).

Results

The analysis of physical activity data demonstrated that
the teenagers spent from 7.1 min to 408.6 min doing MVPA
every day (91.4 + 66.8 min on average). On weekends, the
teenagers spent more time (16.2 min on average) doing
MVPA than on school days.

The subjects were classified into low-activity group and
MPVA (Table 1).

The teenagers in the low physical activity group made
up 22.2% of the sample population, with the teenagers in the
MPVA group taking up the remaining 77.8%.

The analysis of posture evaluation in the different phys-
ical activity groups demonstrated that the posture of teenag-
ers in the low physical activity group was evaluated as poor-
er than that of teenagers in the MPVA group: the average
sum of Hoeger points received by the teenagers in the low
physical activity group reached 36.7 + 7.7 points, whereas
the teenagers in the MPVA group were evaluated with an av-
erage of 39.1 + 7.2 (p=0.008).



Page 1212

VOIJNOSANITETSKI PREGLED

Vol. 76, No 12

Tablel
Characteristics of adolescent groups according to different intensities of physical activity
Group (intensity)

. low moderate-vigrous
Characteristics n=118 (22.2%) n =414 (77.8%)
Age (year), mean + SD 12.89 £ 1.09 13.02+£0.97
Gender, n (%)

girls 83 (70.3) 205 (49.5)
boys 35(29.7) 209 (50.5)

SD —standard deviation.

Table2
Spinal postur e assessment in different body segments
Body segments Spinal posture (%)
poor average good
Frontal plane
head 3.6 30.8 65.6
shoulders 8.7 66.1 25.2
spine 3.6 66.1 30.3
hips 29 45.8 51.3
knees and ankles 4.4 33.9 61.7
Sagittal plane
neck and upper back 2.9 32.9 64.2
trunk 39 37.2 58.9
abdomen 2.9 383 58.8
lower back 7.7 51.6 40.7
legs 2.2 20.8 77.0
Table3
Physical fitness parametersin teenagers
Physical fitness parameters Min-max Mean + SD
6 MWT distance (meters) 340.0-980.6 625.2 £ 146.4
VO,max (mL/kg/min) 21.6-34.8 28.4+2.6
Balance (n/min) 1.0-40.0 13.7+£6.9
Explosive leg power (cm) 29.0-225.0 157.6 £25.7
Flexibility (cm) 2.0-43.0 223+7.8
Abdominal muscle endurance (n'/30 s) 12.0-90.0 26.7+£5.9

SD - dtandard deviation; 6MWT — 6 min walking test; VO2max — maximum oxygen
consimption; n — number of attempls (not falls) to maintain balance; n' — number of correctly

completed sit-ups.

The results of the spinal posture assessment in different
body segments are presented in Table 2.

The analysis demonstrated that the shoulders in the frontal po-
sition and the lower back in the sagittal position received the least
points: 8.7% of teenagers had poor shoulders position and 7.7% of
teenagers had poor lower back position. The analysis of distribution
according to the general posture evaluation showed that 53% of the
participants had excellent or good posture, 31% had average posture
and 16% had poor or extremely poor posture.

The analysis of physical fitness parameters revealed that
the distance travelled during the 6MWT ranged from 340.0 to
980.6 meters. The teenager’s VO2max ranged from 21.6
mL/kg/min to 34.8 mL/kg/min. The results of the other physical
fitness parameters (balance, flexibility, explosive leg power, ab-
dominal muscle endurance) are presented in Table 3.

A statistically significant and positive but very weak
link was identified between the spinal posture results and the
duration of MVPA (r=0.186; p < 0.001) (Figure 1). This in-
dicates that the posture of teenagers who were more physi-
cally active received higher evaluations.

50,00

40,00

The total sum of Hoeger points

30,007 & o
oW O GEDOCD O
QOO0 @ Q Q
00 o o
20,00
o o

10,00

T T T T T
00 100,00 200,00 300,00 400,00 500,00
MVPA (min/day)

Fig. 1—Correlation between the moder ate-vigor ous
physical activity (MVPA) and posture of teenagers
(r =0.186; p < 0.001).
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Table4
Physical fitness parametersin the low group and moder ate-vigor ous physical activity (MVPA) group
Low physical activity group MVPA group
Physical fitness parameters (n=118) (n=414) p-value
mean + SD mean + SD
6 MWT distance (meters) 571.8+117.1 635.0+149.2 0.002*
VO,max (mL/kg/min) 27.7+1.7 28.5+2.8 0.006*
Balance (n/min) 13.4+6.1 13.8+7.1 0.582
Explosive leg power (cm) 153.3+£254 158.8 £25.7 0.05*
Flexibility (cm) 232+72 22.0+7.9 0.174
Abdominal muscle endurance (n,;/30s) 25.4+4.7 27.0+£6.2 0.005*

6 MWT — 6-minute walk test; VO,max — maximal oxygen consumption; SD — standard deviation; n — number of attempts

(non falls) to maintain balance; n1 —number of correctly completed sit-ups.

*statistically significant.

The results of the physical fitness tests indicate that,
during 6MWT, the teenagers in the low physical activity
group walked on average 63.2 m less (p = 0.002), and their
VO,max was 0.8 mL/kg/min lower (p = 0.006) than that of
teenagers in the MVPA group.

The teenagers in the low physical activity group did not
perform as well in the explosive leg power and the abdominal
muscle endurance tests compared to the teenagers in the MVPA
group. On average, the low physical activity teenagers jumped a
distance 5.5 cm shorter (p = 0.005) and completed 1.6 fewer sit-
ups (p = 0.050) than the teenagers in the MVPA group. No sta-
tistically significant differences were found in the results of the
balance and flexibility tests. The results of the assessment of
physical fitness parameters are presented in Table 4.

1000,00

800,00 o

Distance travelled during the 6 MWT

400,00

I ] I
200,00 300,00 400,00

MVPA (min/day)

|
0o 100,00

Fig. 2—Correlation between the moder ate-vigor ous phys-
ical activity (MVPA) and the distancetravelled
during the 6-min walking test (6 MVT) of teenagers
(r =0.148; p=0.010).

MVPA of teenagers had a statistically significant and
positive but very weak link with the distance travelled during
6MWT (r = 0.148, p = 0.010) (Figure 2) and VO,max
(r=0.155; p = 0.009) (Figure 3), which demonstrates that
the teenagers who were more physically active achieved bet-
ter results in the physical capacity test.

Sidlauskiene A, et al. Vojnosanit Pregl 2019; 76(12): 1209-1216.

The correlation analysis of the other teenagers’ physical
fitness parameters and MVPA revealed a very weak positive
correlation between the duration of MVPA and explosive leg
power (r=0.101; p=0.040).
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Fig. 3—Correlation between the moder ate-vigor ous
physical activity (MVPA) and maximum oxygen
consumption (VO,max) of teenagers
(r =0.155; p=0.009).

Discussion

Scientific research demonstrates that the majority of
adults and children across the entire world are not suffi-
ciently physically active, and this level of physical activity
keeps decreasing in all age groups **. Aside from this,
physical activity naturally decreases as children grow up ***’.
Scientific research has established that only 1 in 5 children in
the European Union is sufficiently physically active to sat-
isfy recommendations for physical activity **. The results of
our study also revealed that slightly more than a fifth of 11—
14 year old teenagers could be classified in the low-level ac-
tivity group. We also observed that there were more girls in
the low-level activity group than boys.



Page 1214

VOIJNOSANITETSKI PREGLED

Vol. 76, No 12

Physical activity is a lifestyle factor that can determine
an individual’s physical capacity *, which apart from being
an important indicator of health in childhood and adulthood,
is also a significant risk factor for cardiometabolic dis-
eases . Scientific studies have provided evidence for the
link between the aerobic capacity of children as well as teen-
agers and medium-high intensity physical activity *'. Our
study also showed that the teenagers in the low physical ac-
tivity group travelled a shorter distance during the 6MWT
and had lower VO,max than the teenagers in the CMVPA
group. The other authors analyzed differences in the health-
related physical capabilities among 12, 14 and 16 year old
Lithuanian teenagers from 1992 to 2002, and observed that
the physical capacity of children and teenagers was decreas-
ing. A comparison of data from 1992 and 2002 revealed a
strong decrease in the boy’s and girl’s physical capacity. The
authors attribute this change to a reduced level of daily
physical activity *.

The correlation analysis between the physical activity
and physical capacity indicators found a link between the du-
ration of MVPA and the distance travelled during the 6MWT
(r=0.148) as well as VO,max (r = 0.155), which means that
the teenagers who are more physically active perform better
on the physical capacity tests. An overview by Kristensen et
al. ' also indicates that studies of children’s physical activity
and physical capacity frequently find weak to moderate cor-
relations between these two factors (with the r coefficient va-
rying from 0.14 to 0.33). Thus, even though aerobic power in
childhood is determined by genetic factors ****, physical ac-
tivity is probably an important factor that influences the chil-
dren’s physical capacity.

Physical activity is also important for maintaining a
correct posture. Studies have shown that moderate physical
activity increases abdominal strength and reduces the risk of
back pain *°. Mucha et al. *® found that the young people
aged 14-16 years characterized by increased physical activ-
ity had a more correct value of lumbar lordosis, the angle of
the sacrum, the difference in the distance of the scapula’s
from the spine, and a greater spinal range of motion in the
sagittal and frontal planes than their peers with the average
and low physical activity level. Our study also revealed that
the teenagers in the low physical activity group had poorer
posture: the posture of teenagers in the lower physical activ-
ity group received on average 2.4 points less than the teenag-
ers in the MVPA group.

The correlation analysis demonstrated that the duration
of teenagers” MVPA had a very weak, positive correlation
with the total sum of Hoeger points (r = 0.186), which also
indicates that the more physically active teenagers had better
posture. Latalski et al.”, who assessed the posture and physi-
cal activity of 14 year old teenagers in Poland and the Czech
Republic, also found a link between the low levels of physi-
cal activity and incorrect posture ". The study performed by
Wyszynska et al. * also revealed that the physical activity
level determined the variability of the parameter characteriz-
ing the body posture. However, as an overview of scientific

literature indicates, even though it has long been established
that the physical activity influences posture, this link has not
been sufficiently studied **.

The results of our study also revealed a link between
the teenager’s physical activity and their physical fitness. It
was observed that the teenagers of low-level physical activity
did not perform as well in the explosive leg power and ab-
dominal muscle endurance tests as teenagers in the MVPA
group. A positive very weak correlation was noticed between
the duration of teenagers’ MVPA and explosive leg power
(r=0.101). Martinez-Gomez et al. * also determined that the
high intensity physical activity had a positive effect on teen-
agers’ muscle power and strength. Given that the physical
fitness components relate in different ways to the different
health outcomes, physical activity programs should be de-
signed to improve not only the levels of cardiorespiratory
fitness but also the muscular fitness and speed/agility . It is
also important to emphasize that adolescence is characterized
by some specificities of the metabolism and the reactions of
the organism. Physiologically, early adolescence is domi-
nated by puberty and sexual development *°. During normal
puberty, height and body weight increase, bone mass and
muscle mass increase, blood volume expands, and the heart,
brain, lungs, liver, and kidney all increase in size 4 so pu-
berty affects almost all bodily systems. However, very few
studies have been conducted to examine the association be-
tween the teenagers’ physical activity and physical fitness
parameters such as balance, flexibility, muscle power and
endurance.

The main limitation of this study was that the sample is
not large enough for regressive analysis and model construc-
tion, which would have allowed to establish causal links be-
tween physical activity and spinal posture as well as physical
fitness parameters in early adolescence. The other limitation
of the study was the indirect method for predicting VO,max,
which may be less accurate than the direct methods. Thus, it
would be useful to continue research on this subject.

Conclusion

In the early stages of adolescence, the spinal posture
and physical fitness parameters had very weak correlations
with the physical activity level. On the other hand, the teen-
agers of low physical activity were less physically capable
than the teenagers in the moderate to vigorous physical activ-
ity group. The incorrect posture, weak leg power and weak
abdominal muscle endurance were more frequent among
teenagers of low physical activity. The findings underline the
need for interventions to increase physical activity level and
improve the spinal posture as well as physical fitness in teen-
agers.

Acknowledgement

Sincere thanks to Mrs. Karen Purves for her assistance
with the English language.

Sidlauskiene A, et al. Vojnosanit Pregl 2019; 76(12): 1209-1216.



Vol. 76, No 12

VOJNOSANITETSKI PREGLED

Page 1215

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Janssen 1, Leblanc AG. Systematic review of the health benefits
of physical activity and fitness in school-aged children and
youth. Int ] Behav Nutr Phys Act 2010; 7: 40.

Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gu-
tin B, et al. Evidence based physical activity for school-age
youth. J Pediatr 2005; 146(6): 732—7.

Nelson MC, Neumark-Stzainer D, Hannan PJ, Sirard JR, Story M.
Longitudinal and secular trends in physical activity and seden-
tary behavior during adolescence. Pediatrics 2006; 118(6):
e1627-34.

O’Donovan G, Blagevich AJ, Boreham C, Cooper AR, Crank H, Ek-
elund U, et al. The ABC of Physical Activity for Health: a con-
sensus statement from the British Association of Sport and
Exercise Sciences. ] Sports Sci 2010; 28(6): 573-91.

World Healtlh Organization. Global recommendations on physical
activity for health. Geneva: WHO; 2010.

Hallal PC, Andersen 1.B, Bull FC, Guthold R, Haskell W, Ekelund
U. Lancet Physical Activity Series Working Group. Global
physical activity levels: surveillance progress, pitfalls, and pros-
pects. Lancet 2012; 380(9838): 247-57.

Latalski M, Bylina |, Fatyga M, Repko M, Filipovic M, Jarosz M], et
al. Risk factors of postural defects in children at school age.
Ann Agric Environ Med 2013; 20(3): 583-7.

MeMaster ME, Lee AJ, Burwell RG. Physical activities of Pa-
tients with adolescent idiopathic scoliosis (AIS): preliminary
longitudinal case-control study historical evaluation of possible
risk factors. Scoliosis 2015; 10: 6.

Ortega FB, Ruiz R, Castillo MJ, Sjistrim M. Physical fitness in
childhood and adolescence: a powerful marker of health. Int |
Obes (Lond) 2008; 32(1): 1-11.

Gallahne DL, Cleland-Donnelly F. An Overview of Developmen-
tal Physical Education (Chapter 1). In: Gallahue DL, Cleland-
Donnelly F, editors. Developmental Physical Education for All
Children. 4t ed. Champaign, II: Human Kinetics; 2007. p. 2-23.
Kristensen PL, Moeller NC, Korsholm 1., Kolle E, Wedderkopp NN,
Froberg K, et al. The association between aerobic fitness and
physical activity in children and adolescents: the European
youth heart study. Eur ] Appl Physiol 2010; 110(2): 267-75.
Armstrong N, Tom#kinson G, Ekelund U. Aerobic fitness and its
relationship to sport, exercise training and habitual physical ac-
tivity during youth. Br J Sports Med 2011; 45(11): 849-58.
MRC Epidemiology Unit in University of Cambridge School
of Clinical Medicine. Youth physical activity questionnaire
(Y-PAQ). Available from: http://www.mrc-epid.cam.ac.uk/
wp-content/uploads/2014/08/YPAQ.pdf [accessed 2017 July19].
Corder K, van Siuijs EM, Wright A, Whincup P, Wareham NJ, Eke-
lund U. s it possible to assess free-living physical activity and
energy expenditute in young people by self-report? Am J Clin
Nutr 2009; 89(3): 862—70.

Ridley K, Ainsworth BE, Olds TS. Development of a compen-
dium of energy expenditures for youth. Int | Behav Nutr Phys
Act 2008; 5: 45.

Guidelines for data processing and analysis of the Interna-
tional Physical Activity Questionnaire (IPAQ)—Short and
Long Forms 2005. Available from: https://sites.google.com/
site/ theipaq/scoring-protocol [Accessed 2017July19].

Hoeger WWK, Hoeger SA. Principles and Labs for Physical Fit-
ness and Wellness. 20d ed. Englewood, CO: Morton Publishing
Company; 1988.

Klepper SE, Muir N. Reference values on the 6-minute walk test
for children living in the United States. Pediatr Phys Ther
2011; 23(1): 32—40.

Sidlauskiene A, et al. Vojnosanit Pregl 2019; 76(12): 1209-1216.

19

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

. Lammers AE, Hislop AA, Flynn Y, Haworth SG. The 6-minute
walk test: normal values for children of 4-11 years of age. Arch
Dis Child 2008; 93(6): 464-8.

Ulrich S, Hildenbrand FF, Treder U, Fischler M, Keusch S, Speich R,
et al. Reference values for the 6-minute walk test in healthy
children and adolescents in Switzerland. BMC Pulm Med
2013; 13: 49.

Vanbelst ], Fardy PS, Salleron ], Beghin L. The six-minute walk
test in obese youth: reproducibility, validity, and prediction eq-
uation to assess aerobic power. Disabil Rehabil 2013; 35(6):
479-82.

Volbekiené V', Kavaliauskas S. Eurofitas. Fizinio pajégumo testai
ir metodika. Lietuvos moksleiviy fizinio pajégumo rezultatai. 2-
asis pataisytas ir papildytas leidimas. Vilnius: LSIC; 2002. (Li-
thuanian)

Hancox R], Milne BJ, Poulton R. Association between child and
adolescent television viewing and adult health: a longitudinal
birth cohort study. Lancet 2004; 364(9430): 257—62.

Banman A, Craijg CL. The place of physical activity in the
WHO Global Strategy on Diet and Physical Activity. Int ] Be-
hav Nutr Phys Act 2005; 2: 10.

Zoeller RE Jr. Physical Activity, Sedentary Behavior, and Over-
weight/Obesity in Youth: Evidence From Cross-sectional,
Longitudinal, and Interventional Studies. Am J Lifestyle Med
2009; 3(2): 110-4.

Allison KR, Adlaf EM, Dwyer ]|, Lysy DC, Irving HM. The de-
cline in physical activity among adolescent students: a cross-
national compatison. Can ] Public Health 2007; 98(2): 97-100.
Telama R, Yang X, Viikari |, Valimaki 1, Wanne O, Raitakari O.
Physical activity from childhood to adulthood: a 21-year track-
ing study. Am ] Prev Med 2005; 28(3): 267-73.

OECD. Health at a Glance: Europe 2010. OECD Publishing;
2010. Awvailable from: http://dx.doi.org/10.1787 /health_
glance-2010-en30.

Armstrong N, Welsman JR. Aerobic fitness: what ate we measut-
ing? Med Sport Sci 2007; 50: 5-25.

DuBose KD, Eisenmann JC, Donnelly JE. Aerobic fitness attenu-
ates the metabolic syndrome score in normal-weight, at-risk-
for-overweight, and overweight children. Pediatrics 2007;
120(5): e1262-8.

Aires L, Silva P, Silva G, Santos MP, Ribeiro JC, Mota ]. Intensity
of physical activity, cardiorespiratory fitness, and body mass
index in youth. ] Phys Act Health 2010; 7(1): 54-9.

Volbekiene 1/, Gricinte A. Health-related physical fitness among
schoolchildren in Lithuania: a compatison from 1992 to 2002.
Scand ] Public Health 2007; 35(3): 235—42.

Bouchard C, Lesage R, Lortie G, Simonean |A, Hamel P, Bounlay MR,
et al. Aerobic performance in brothers, dizygotic and monozy-
gotic twins. Med Sci Sports Exerc 1986; 18(6): 639—46.
Bouchard C, Daw EW, Rice T, Perusse L, Gagnon |, Province MA, et
al. Familial resemblance for VO2max in the sedentary state:
the HERITAGE family study. Med Sci Sports Exerc 1998;
30(2): 252-8.

Heneweer H, 1Vanbees L, Picavet HS. Physical activity and low
back pain: a U-shaped relation? Pain 2009; 143(1-2): 21-5.
Mucha D, Ambrogy T, Zabek M, Wojtala |, Szezygie! A, Zaba K.
Aktywnos¢ fizyczna jako warunek prawidiowej postawy ciata
mtodziezy. Kultura Bezpieczenistwa. Nauka-Praktyka-Refleksje
2015; 19: 139-48. (Polish)

Wyszynska ], Podgorska-Bednarz, J, Drzal-Grabiec |, Rachwal M, Ba-
ran |, Czenczek-Lewandowska E, et al. Analysis of Relationship
between the Body Mass Composition and Physical Activity



Page 1216

VOJNOSANITETSKI PREGLED

Vol. 76, No 12

38.

39.

40.

with Body Postutre in Children. Bio Med Res Int 2016; 2016:
1851670.

Widhe T. Spine: posture, mobility and pain. A longitudinal
study from childhood to adolescence. Eur Spine | 2001; 10(2):
118-23.

Martinez-Gomez D, Welk GJ, Puertollano MA, Del-Campo J,
Moya JM, Marcos A, et al. Associations of physical activity
with muscular fitness in adolescents. Scand ] Med Sci Sports
2011; 21(2): 310-7.

Patton GC, Sawyer SM, Santelli ]S, Ross DA, Afifi R, Allen NB, et
al. Our future: a Lancet commission on adolescent health and

wellbeing. Lancet 2016; 387(100306): 2423—78.

41. Corkins MR, Daniels SR, de Ferranti SD, Golden NH, Kim [H,

Magge SN, et al. Nutrition in children and adolescents. Med
Clin North Am 2016; 100: 1217-35.

Received on May 17, 2017.
Revised on March 22, 2018.
Accepted on May 8, 2018.
Online First, May 2018.

Sidlauskiene A, et al. Vojnosanit Pregl 2019; 76(12): 1209-1216.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'GoranCMYK2400'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [413.858 583.937]
>> setpagedevice


