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Abstract

Background. Physical activity is a fundamental and proactive form of conservative treatment for persons with knee

osteoarthritis.

Study purpose. This study aims to investigate risk variables for individuals in Indonesia who had knee osteoarthritis (OA).

Materials and methods. This study’s cross-sectional study design employed an observational analytical approach.
The samples obtained using Slovin’s formula contained as many as 66 respondents. The study’s dependent variables

were the primary and secondary types of knee OA.

Results. The study’s dependent variables were the primary and secondary forms of knee OA. 43 patients
experienced the primary knee OA, while 23 experienced the secondary OA. The logistic regression test used age
(p=0.011), gender (p=0.021), body mass index (p=0.027), history of knee injury (p=0.001), hypertension (p=0.023),
hypercholesterolemia (p=0.112), and physical activity (p=0.004) as independent variables. These variables also met
the criteria to be incorporated into the multivariate analysis with a p value less than 0.25. The biggest risk factor for
knee OA was found to be age (OR=1.923; p=0.011; p=0.011). Knee OA is significantly influenced by age, gender,

BMLI, a history of knee injuries, and physical activity.

Conclusions. Increased physical activity is necessary for those with knee osteoarthritis. Patients with knee osteoarthritis
should be treated by healthcare professionals who are aware of their physical activity habits, especially those at risk.
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Introduction

A chronic degenerative joint condition that affects the
articular cartilage is osteoarthritis (OA). Because of the
constant pressure over many years, this condition, which
is directly associated to aging, is most commonly found in
the joints of the knees, hips, fingers, and lumbar vertebrae
(Kesehatan et al., 2019).

According to WHO data, there are 9.6% more males
than women with OA than are over 60 years old (Charles-
worth et al.,, 2019). In patients aged 40 to 60 years in Indone-
sia, the prevalence of knee OA is established by radiological
examination and is 15.5% in males and 12.7% in women
(Kesehatan et al., 2019). An average prevalence of joint ill-
ness of 24.7% was determined by Indonesian Basic Health
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Research (Riskesdas) data in 2019 from respondent inter-
views with a sample of 722,329 people aged 15 from each
province in Indonesia. Around 27% of the population in East
Java Province suffers from OA, which is a rather significant
prevalence (Kesehatan et al., 2019).

Although the exact etiology of OA is unknown, a num-
ber of risk factors can lead to the disease. You can divide
these risk factors into non-modifiable and modifiable cat-
egories. Age, gender, physical disability/body imbalance,
trauma history, and ethnicity are risk factors that cannot be
changed. Osteoarthritis typically affects elderly people and is
more prevalent in women (Derwich et al., 2020). Body mass
index (BMI), diabetes, hypercholesterolemia, hypertension,
and smoking are the risk factors that can be changed. Review
articles on obesity and osteoarthritis by Bestwick-Stevenson
etal. (2021) came to the conclusion that obesity is a modifi-
able risk factor that has the strongest correlation with the
development of knee OA.
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The World Health Organization (WHO) claims that
both industrialized and developing nations are susceptible to
the impairment caused by OA. Knee and hip osteoarthritis is
the 11th most prevalent form of disability worldwide (Choi
etal,, 2019). One of the causes of disability is mechanical and
chemical injury, which is one of the etiologies for defective
cartilage metabolism and damage to proteoglycans. An key
contributor to joint inflammation, chondrocyte destruction,
and pain is assumed to be mechanical and chemical insult,
which induces the development of aberrant molecules
and cartilage breakdown products in the synovial fluid of
the joint (Abramoff & Caldera, 2020). Patients with knee
OA will have continuous and escalating discomfort near
the knee joint. If you engage in knee-taxing activities like
walking, climbing and descending stairs, or prolonged
standing, the discomfort will worsen. These conditions range
in severity from minor to so severe that the sufferer is unable
to walk (Zeng et al., 2021). In order to lessen pain, patients
with knee OA will restrict knee joint mobility. Long-term
immobilization of the knee joint muscles causes weakening
and even atrophy. This will affect the victim’s socioeconomic
circumstances (Whittaker et al., 2021).

The results of the history, physical examination, and
radiographic examination are used to make the diagnosis of
osteoarthritis. Patients with osteoarthritis of the knee typically
report long-standing pain complaints, but the condition
progresses slowly (Ghouri & Conaghan, 2021). Physical
examination revealed that the knee joint had little range of
motion. An osteophyte picture in the knee joint was found
aberrant during a radiological evaluation using an X-ray of
the knee joint. However, joint radiographs taken early in the
disease are frequently normal (Blanco et al., 2021).

Joint function has not been able to return to normal
following pharmacological treatment for OA. Non-steroidal
anti-inflammatory medicines (NSAIDs), for example, are
used in pharmacological therapy to alleviate OA symptoms
such pain and swelling (Astephen Wilson & Kobsar, 2021).
Additionally, hyaluronic acid molecules used in intra-artic-
ular injection therapy only served to improve the suppleness
and viscosity of joints rather than changing illness (Boer et
al., 2021). Intra-articular injections and the use of NSAIDs
have not yet significantly improved outcomes. Surgery is
another option for treatment, although the outcomes are
also unsatisfactory. Surgery can only effectively reduce dis-
comfort; it cannot significantly enhance joint function (Cao
etal, 2021). Therefore, a primary goal in reducing disability
from OA is the recognition of risk factors in attempts to
prevent OA. According to studies on 30 people with knee os-
teoarthritis in Yogyakarta, it is possible to significantly slow
the course of knee OA by decreasing weight, performing
regular knee exercises, and taking medication on a regular
basis (Rohmansyah et al., 2021). The purpose of this study
was to investigation risk factors for patients in Indonesia
with osteoarthritis (OA) of the knee joint will be analyzed.

Materials and methods

Design

Analytic observational methodology and a cross-sec-
tional design were employed in this study. This study was
carried out in the provincial hospital’s orthopedic poly-

clinic, medical records department, and each respondent’s
residence.

Study participants

There were 127 individuals with knee osteoarthritis
who received care at provincial hospitals in the most recent
six months, from 1 December 2018 to 30 May 2019. All
OA patients who met the inclusion criteria and gave their
informed agreement to participate in the study made up the
sample for this investigation. Patients with knee osteoarthritis
in a provincial hospital who agreed to participate in the trial
were the only inclusion criteria.

Patients with osteoarthritis affecting joints other than
the knee, gout, rheumatoid arthritis, systemic lupus erythe-
matosus (SLE), and rheumatic fever, patients with a history
of patellar fractures, femur fractures, and tibia fractures, and
patients with incomplete medical records were all excluded
from this study. The Slovin algorithm was used to determine
the sample size (Arikunto, 2017), yielding 56 responses.

n=N/(1+Ne?)

Information:

N: number of samples

n: total population

e: fault tolerance limit

Measurement

Blood sugar and cholesterol levels

If the respondent doesn’t know their blood sugar and
cholesterol history, the technique of measuring those values
will be used. Sitting down, respondents underwent a physical
examination. Install a glucose or cholesterol chip and prepare
the tool in an ignitable state. In the lancet pen, get a sterile
needle ready. Aseptic protocols should be followed on the
region where the droplets will be collected and an alcohol
swab should be prepared. In the ring or middle finger’s palm,
place the pen lancet. The examiner uses the examination
chip to take blood samples from the respondent and measure
their cholesterol and blood sugar levels. A single exam will
be used to measure both cholesterol and blood sugar levels.
Milligrams per deciliter of blood (mg/dl) are the units used
to measure blood sugar and cholesterol levels.

Physical activity assessment

A Baecke physical activity questionnaire was used in this
interview-based study. The physical activity questionnaire is
broken down into three categories: activities done while at
work or connected to work, activities done in free time or
away from work, and activities done while participating in
sports. The findings of the assessment of physical activity can
be divided into three levels, namely low, moderate, and heavy
activities, based on the Baecke index score (Sadeghisani et al.,
2016), mild activity (score 5.6), such as sweeping the floor,
washing the dishes or clothing, sitting and watching television,
usually involves little effort and has no noticeable effects on
respiration or endurance. Moderate exercise (score 5.6-7.9)
that calls for sustained or intensive effort as well as flexible
muscular action, such as jogging, table tennis, swimming,
cycling, and brisk walking. Running, playing soccer, doing
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aerobics, and self-defense are examples of strenuous activity
(score > 7.9) that typically relates to sports and calls for
strength and perspiration (Sadeghisani et al., 2016).

Statistical analysis

Using the Excel 2020 application, data were gathered
and processed. Univariate and bivariate analyses of the data
were performed. Descriptive statistics are used in univariate
analysis to identify the sample identification (age, gender,
occupation), body mass index (BMI), history of disease or
injury, smoking habits, and physical activity, as well as other
aspects of the data. Due to the fact that the data utilized in
this study are nominal data with non-parametric statistics
and a significance threshold of p<0.05, bivariate analysis
is employed to determine the relationship between the
dependent variable and the independent variable. Because
the used dependent variable was dichotomous/had two
categories, the independent variables were not interval or
ratio data, and they were not regularly distributed/non-
parametric statistics, multivariate testing using logistic
regression was performed to determine the most significant
variable. Utilizing statistical analysis software throughout
the entire data processing and analysis process.

Results

Primary and secondary osteoarthritis of the knee are
the two classifications. 43 primary OA and 23 secondary
OA were found in the study’s 66 samples of knee OA. With
a sample size of 51 patients, the age group with the highest
prevalence of knee OA was 41-61, whereas the group with
the lowest prevalence was 21-40, represented by 15 patients.
There were 17 patients with male sexual orientation and 49
patients with female sexual orientation.

The majority of patients with knee OA, or 23 individuals,
work as housewives. The remaining patients are traders, la-
borers/farmers, public servants, retirees, and entrepreneurs.

With 28 patients, the overweight category (BMI 25-29.9
kg/m2) had the highest BMI. In contrast, 8 patients fell into
the underweight BMI category (18.5 kg/m?), which had the
lowest percentage. 18 patients in 66 samples of osteoarthritis
patients had a history of knee injury, while 48 patients had
no such history. There were 10 patients with OA in their
families and 56 individuals without OA in their families.

In 29 patients with knee OA, hypertension and a
history of hypertension were present. While there were 47
patients who had no history of hypertension. 53 patients
had no history of diabetes, compared to 13 patients who
both had diabetes and that history. Thirteen patients had
both hypercholesterolemia and a history of it, compared to
53 patients who had no such history. In the non-smoking
category, 42 patients had the greatest smoking habit. The
examination of the level of physical activity revealed that
there are 33 persons who engage in moderate physical
activity, 26 who engage in severe physical activity, and 7 who
engage in light physical activity.

The independent variables used in the logistic regression
test were age (p=0.011), gender (p =0.021), body mass index
(p = 0.027), history of knee injury (p = 0.001), hypertension
(p = 0.023), hypercholesterolemia (p = 0.112), and physical
activity (p = 0.004). These variables also met the criteria to

Table 1. Risk factor for OA

Variable OA primary OA secondary  p value
Age
21-30 2 5 0.021
31-40 3 5
41-50 10 2
50-60 14 8
61 and above 14 3
Gender
Women 35 14 0.011
Man 8
BMI
Underweight 3 5 0.034
Normal 6 8
Overweight 20 8
Obesity 18 7
History of knee injury
Yes 7 11 0.001
Not 37 11
Physical Activity
Light activity 4 3 0.005
Moderate activity 16 17
Strenuous activity 22 4
Family history of OA
Yes 6 4 0.635
Not 36 20
Hypertension
Yes 20 9 0.312
Not 28 19
DM
Yes 9 4 0.247
Not 34 20
Hypercholesterolemia
Yes 9 4 0.113
Not 36 21
Smoking habit
Do not smoke 31 11 0.412
Light smoker 2 3
Medium smoker 6 6
Heavy smoker 4 5
Work
Trader 9 4 0.284
Farm workers 11 7
Civil Apparatus 2 1
Retired 1 2
Self-employed 3 4
Housewife 17 5
Table 2. All variables are entered into the model

Variable p value OR

Age 0.011* 1.923
Gender 0.023% 1.136
BMI 0.023* 1.952
History of knee injury 0.001% 0.042
Physical activity 0.004* 3.729
History of OA 0.673 0.032
Hypertension 0.214* 0.783
Diabetes mellitus 0.238% 1.054
Hypercholesterolemia 0.112* 1.832
Smoking habits 0.424 3.837
Occupation 0.372 3.657

be included in the multivariate analysis with a p value of less
than 0.25.
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Discussion

Age and knee OA were shown to be significantly cor-
related in this study (p = 0.005). The percentage of women
with OA rises with age, according to research by Nelligan et al.
(2019) among 422 women aged 30 to 60. Age was discovered
to be strongly related to knee OA (Ghouri & Conaghan, 2021).

Osteoarthritis is a degenerative joint condition that
affects the elderly in particular. When a person reaches age
45, they are considered old (Kesehatan et al., 2019). Age-
related changes in collagen and a decline in the production
of proteoglycans make bones and joints less elastic and more
prone to damage (Abramoff & Caldera, 2020). Age-related
hormonal changes raise the risk of knee OA, particularly in
women following menopause. This implies that hormones
play a role in the etiology of OA (Dantas et al., 2021).

According to the study’s findings, there is a statistically
significant link between gender and knee OA (p = 0.021).
Studies showed that women had a noticeably higher
incidence of knee OA (Aubourg et al., 2022). As they
approach menopause, older women will see a decline in
estrogen levels as well as other bodily processes. One of
the hormone estrogen’s tasks is to aid in the production
of chondrocytes, or cartilage cells, which are found in the
bone matrix. Because chondrocyte synthesis is affected by
estrogen hormone levels, the production of collagen and
proteoglycans is also affected. Additionally, as a person ages,
lysosomal activity increases, which is why OA affects women
more frequently than men (Bierma-Zeinstra et al., 2020).

The results of this study revealed a significant association
between BMI and knee OA (p=0.027). This is consistent
with the findings of Batushansky et al. (2022) who observed
that all 65 respondents with knee OA weighed more than
their optimal body weight, and the majority were slightly
obese or overweight by 20-40% of their body weight. ideal.
Degeneration will be accelerated by excess body weight,
especially in the joints that support the weight. Half of the
body weight is supported by the knee joint when someone is
walking. As a result, carrying more weight doubles the load
placed on the knee joint while walking, which can lead to
knee OA (Batushansky et al., 2022).

A history of knee injuries and knee OA were shown to be
significantly correlated in this study (p=0.001). According to
a study by Kolasinski et al. (2020) women with knee OA were
more likely to have a history of prior knee injuries than women
without such a history. This demonstrates that knee trauma
or injury is a factor that affects the prevalence of knee OA.
Mechanical injury, which is thought to be a significant factor
in stimulating the formation of abnormal molecules and car-
tilage degradation products in the synovial fluid of the joint,
can be brought on by knee injuries such as meniscus tears, liga-
ment instability, intra-articular fractures, or joint dislocation.
This causes chondrocyte destruction, joint discomfort, and
joint inflammation. This causes chondrocyte destruction, joint
discomfort, and joint inflammation (Charlier et al., 2019).

Physical activity and knee OA were shown to be
significantly correlated in this study (p=0.004). This is
consistent with studies by Sun et al. (2019), which found
that middle-aged women and men who engage in vigorous
physical activity run the risk of injuring their knees and
developing osteoarthritis. OA may be exacerbated by
excessive body weight and repetitive joint activity. In persons

who are predisposed to OA, repeated impact loads can be
a site-defining factor and may be linked to the onset and
severity of OA (Block et al., 2022).

According to this study, there was no connection between
a family history of OA and knee OA (p=0.542). The findings
of this study differ from those of O’Neill & Felson’s (2018)
study, which found that family history of OA significantly
affects the incidence of knee OA (OR: 1.78). This might be as
a result of the small sample size and population in the study,
which was only carried out at one healthcare agency.

According to this study, there was no discernible link
between hypertension and knee OA (p = 0.203). The findings
of this study differ from those of O’Neill & Felson’s (2018)
study, which discovered that individuals with OA were more
likely to develop hypertension than the general population
(40%vs25%). This may be the result of the responders to
this study having hypertension that was sufficiently under
control to prevent blood vessel constriction. Uncontrolled
hypertension causes blood vessel constriction and subchon-
dral ischemia, which, according to Vina & Kwoh (2018), can
cause OA. This kind of subchondral ischemia can encourage
bone remodeling and hinder the metabolism of nutrition
and gas exchange between articular cartilage and bone.

Diabetes mellitus and knee OA were shown to have no
meaningful link in this study (p=0.279). This study is consis-
tent with previous research O’Neill & Felson’s (2018) the non-
diabetic group had a higher prevalence of knee OA, both in
men and women, according to a study using a sample of 3428
adults aged 40 to 74. This may be brought on by the fact that
just one examination is performed to measure blood glucose
levels, and that the test utilized is a random blood glucose assay
(GDA), which is not the ideal test for doing so. HbA1C testing
is the procedure that provides the best baseline for managing
diabetes (Abramoft & Caldera, 2020). Additionally, diabetes
respondents did not report having significant hyperglycemia,
which can result in consequences such diabetic neuropathy.

According to this study, there is no connection between
hypercholesterolemia and knee OA (p=0.107). The findings
of the study by Choi et al. (2019) which indicated that only
27.6% of patients with a history of dyslipidemia had knee
OA, also found the same conclusion. Choi et al. (2019) claim
that an accumulation of cholesterol can lead to a disruption
in the metabolism of cholesterol secretion in degenerative
articular cells and result in the onset of OA. This is because
the respondents’ hypercholesterolemia is under good
control, preventing an excessive buildup of cholesterol in
the cartilage. In the end, there won't be any disruptions to
the metabolism of cholesterol excretion in degenerative
articular cells, which won’t lead to the onset of OA.

The findings demonstrated that smokers had a lower
prevalence of OA than non-smokers. According to this study,
there was no discernible link between smoking and knee OA
(p = 0.304). This may be due to the research participants’
failure to boost the body’s level of nicotine through cigarette
usage. When the body’s nicotine levels are low, osteoblasts
continue to function correctly in cartilage and levels of car-
bon monoxide in the arteries rise, preventing damage to
cartilage and normal bone resorption and osteoclast activity
(Whittaker et al., 2021). Additionally, one study discovered
a link between smoking history and knee OA, meaning that
smoking among healthy persons without present or prior
knee illness increased knee joint cartilage volume and de-
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creased cartilage degradation. This is due to the nicotine in
cigarettes’ ability to stimulate the chondrocytes’ metabolism
of protein and enhance the production of glycosaminogly-
cans and collagen, both of which are important for main-
taining joint flexibility (Zeng et al., 2021).

Limitations

This study has a number of limitations, including the
fact that the variables hypertension, diabetes mellitus, and
hypercholesterolemia are only divided into two categories
(yes/no), which means that the study is unable to consider
how seriously these conditions may affect the dependent
variable. The duration, number of cigarettes smoked daily,
and kind of cigarette were not assessed by the smoking habit
variable, making it difficult to conduct an appropriate study
of the association between smoking behavior and knee OA.

Conclusions

Patients with knee osteoarthritis had significantly lower
levels of physical fitness than healthy persons, but the study
should be replicated with a larger sample size because increas-
ing physical activity is an essential objective for those with
knee osteoarthritis. Our findings suggest that interventions
to increase physical activity in people with knee osteoarthritis
are crucial, especially for those who are older or have comor-
bid conditions. Clinicians should make it clear to patients that
physical activity does not worsen their condition and assist
them in finding activities to improve their physical fitness.
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O®OI3UYHA AKTUBHICTb ANA TEPANII OCTEOAPTPUTY:
NMEPEXPECHE OOCNIAKEHHA

Hyp Asic Poxmancpax'BPE, Cymapmx o048, Amupa Xipynrapkym*4B8cP

'Cemapanrcpkuii yHiBepcuteT Aconianii Bunrenis IHponesii
2JI>KOK’ IKapTChKMII Iep>)KaBHUI YHiBepCHUTET
’KXOHKaeHChKMUI YHIBEpCUTeT

ABTOpPCHKMIT BKIA: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrs: 6 c., 2 TabL., 27 IKeperL.

Icropia nuraHHA. OCHOBHUM i IPOAKTUBHUM BI/JOM KOHCEPBAaTUBHOTO JTIKYBaHH: XBOPYX Ha apTPO3 KOJIIHHOTO CyrIoba €
¢disnvHa aKTUBHICTB.

Mera gocrifpkensa. MeTow 1IbOT0 JOCTIIKEHH € BUBYEHHsI 3MIHHNX PUSHUKY /151 0Ci6 B IHIZOHesIl, siKi Mamyu ocTeoapTput
(OA) xoniuzoro cyriaob6a.

Marepianu Ta MeTogu. 3a IJIAHOM IIePEXPECHOTO MOCTI/PKEeHH B IIbOMY JOCTiIP)KeHHI BUKOPUCTOBYBAIN CIOCTEPEKHMII
AHATITUIHUI TiIXig. BI/I6ipKI/I, oJlep>KaHi 3a (bopMyJIOIo Cnosina, MicTU/IM 66 PECIIOH/IEHTIB. 3a/IeKHIMMM 3MiHHUMU B LIbOMY JO-
cmifKeHHi 6y nepBuHHMI i BropuHHMit T OA KoJTiHHOTO cyrmo6a.

PesynpraTy. 3a/e>XXHUMN 3MIHHUMM B I[bOMY JOC/I/PKeHH] Oy nepBuHHA Ta BTopuHHA ¢opMu OA KOTIHHOrO Cyrmoba.
Y 43 narjienTis criocrepirascst nepsurHuit Tun OA KomHHOTO cyrnoba, a'y 23 — sropunnuii it OA. SIK He3aie)xHi 3MiHHI B J10-
FiCTUYHOMY perpecuBHOMY TeCTi BUKOpucToByBamu Bik (p=0,011), crare (p=0,021), ingexc macu tima (p=0,027), icropito TpaBm
KofMiHHOrO cyrnoba (p=0,001), rineprensito (p=0,023), rinepxonecrepruuemito (p = 0,112) Ta ¢pisuyny aktuHicTb (p = 0,004). 1i
3MIHHI TaKOX BiJIIOBi/fany KpUTepisiM [is BKIIOYEHH: B 6aratopakTOpHMII aHaIi3 31 3HaYeHHAM p, MeHLmM 3a 0,25. YcraHoBIe-
HO, 1110 Hal1O1/IbIIMM (i)aKTOpOM pusuxy OA xoiHHOro cyrn06a € Bik (BigHOCHMII pn3nk=1,923; p=0,011; p=0,011). OA xoninHOTO
cyrnoba 3Ha4HOIO MipOIo 3aIeXUTh Bif Biky, cTaTi, IMT, icropii TpaBM Ko/miHHOrO cyrno6a rta ¢pisndHoi aKTMBHOCTI.

BucnoBku. Oco6am 3 0cTe0apTpUTOM KOJIIHHOTO CyI7106a HeoOXinHa miiBuieHa (isnyHa akTuBHIcTb. [TaljienTiB 3 ocTeoap-
TPUTOM KOJIIHHOTO CYI7106a, 0COOIMBO THX, XTO BXOAUTbD O TPYIIM PU3KKY, MAIOTh JIIKYBaTU MeIUYHI IPaLliBHUKY, IKUM BiTOMO
1po ixHi 3BMYKM KO Pi3NUHOI aKTMBHOCTI.

KirouoBi cmoBa: ocreoaptput, ¢isuyHa aKTUBHICTD, peabiniTariis, 6ib.
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Abstract

Study purpose. Goalkeepers in futsal require fast movements to anticipate the ball that is heading toward the goal.
Therefore, the reaction of the goalkeeper is very necessary to improve the quality in the game.

Materials and methods. This research is experimental research conducted using factorial design research using a
quantitative approach. In this research, the researchers use treatment with imagery exercises, with audiovisual and
visual methods, with measuring the level of ability and agility of each sample in a group experiment. The type of
instrument used to measure the ability of the goalkeeper’s reaction speed in this study is the whole-body reaction test.
The population in this study was high school (SMA) students who played futsal goalkeepers throughout the city of
Metro, with the number of participants being 90 students of 9 high schools throughout the city of Metro. Purposive
sampling technique was used so that a sample of 24 students was obtained.

Results. The results of the study prove that the significance value of imagery training is 0.001 < 0.05 which means
“Ha is accepted”, then there is an effect of Imagery training on the goalkeeper’s reaction time. Next, the significance
value of Agility training is 0.018 <0.05, which means “Ha is accepted”, then there is an effect of agility training on the
goalkeeper’s reaction time. There is a significant difference between imagery training using audiovisual, high agility,
and imagery training using audiovisual, low agility, with a significance value of 0.016. While there is no significant
difference between imagery exercises using visuals, high agility and imagery exercises using visuals, low agility with a

significance value of 0.395.

Conclusions. Based on the results, it can be concluded that imagery and agility exercises have a significant effect on

the reaction time of goalkeepers in futsal.

Keywords: imagery training, agility training, goalkeeper reaction, futsal, sports.

Introduction

Intermittent game sport (Costa Miranda, Santos
Cerqueira, & Bouzas Marins, 2020), considering that every
time it is necessary to reduce the duration with high intensity.
In addition, a futsal player must have high competence in
terms of endurance (Naser, Ali, & Macadam, 2017a; Wibisana,
2020), and requires tactics (Miftachurochmah et al., 2021),

© Rozi, M.E, Resmana, R., Selviani, I., Okilanda, A., Sumantri,
R.J., Mikkey Anggara Suganda, M.A., & Suryadi, D., 2023.
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technique, and excellent physical condition (Litardiansyah &
Hariyanto, 2022). Where the intermittent nature of exercise
requires the use of aerobic and anaerobic energy during
training and competition (Dwi Juniarsyah, Safei, Bahri,
Resmana, & Fahmi Hasan, 2021; Suryadi & Rubiyatno,
2022). In team sports, such as futsal which dominates overt
motor skills, it is necessary that players constantly adapt
their actions to the movements of opponents and teammates
to ensure functional collective behavior (Chow, Davids, &
Button, 2016), and can increase the number of needs physics
and its importance (Mancha-Triguero, Martin-Encinas, &
Ibarez, 2020).
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Futsal is also considered a fast-growing game sport in
the world (Lopes, Oliveira, & Ribeiro, 2020), and is becoming
a popular team sport (Spyrou, Freitas, Marin-Cascales, &
Alcaraz, 2020). Furthermore, in Malaysia, futsal has become
one of the main sports at sports parties (Ahmad-Shushami
& Abdul-Karim, 2020), not far behind in Indonesia, futsal
has developed and is well known (Rayawang, SP, & Basuki,
2017; Yuniva, Andriansah, & Ikhsan, 2020; Zein et al., 2020),
and are loved by almost all circles of society (Purwanto,
Nugraha, Prayogha, & Syahputra, 2021; Salahuddin, Haluti,
& Nurhikmah, 2021). This statement provides evidence that
the game of futsal is currently undergoing major changes,
this can be seen during the futsal world cup match that took
place. All eyes are on the match, and of course the game
technique, rules, The sport of Futsal is played by 5 players,
one of which is a goalkeeper (Naser, Ali, & Macadam, 2017b),
where this sport has a high intensity and intermittent, but also
has a high risk of injury (Ahmad-Shushami & Abdul-Karim,
2020), and tends to cause dehydration (Zein et al., 2020).
Although factors such as strength, endurance, power and
balance are important in futsal (Agras, Ferragut, & Abraldes,
2016), the assessment of a futsal player must also depend
on his special futsal skills such as goalkeeper. Where the
position of the goalkeeper in the game of futsal is a certain
position and the demands placed on quick and precise
reactions are even greater. This statement is in line with (Fadi
& Sutresna, 2019) who said that the futsal goalkeeper really
needs a reaction in anticipation so that the ball does not go
into the goal. In addition to reaction speed, explosive power
(Montesano, 2016), and all speed skills in the game are also
very necessary (Dragijsky et al., 2016) (Smpokos, Mourikis,
& Linardakis, 2018).

A study conducted by (Hiilsdiinker, Strider, & Mierau,
2018) proves thatathleteshave better reaction times than non-
athletes, where the ability to see and hear has a relationship
with reaction time test results (Atan & Akyol, 2014). There is
a relationship between reaction time, movement speed and
agility with fitness (Moradi & Esmaeilzadeh, 2015), because
poor fitness will affect the activities to be carried out (Suryadi,
2022; Suryadi & Rubiyatno, 2022; Suryadi, Samodra, &
Purnomo, 2021). A goalkeeper in a match, the reaction will
be formed when making a save shot (Otte, Millar, & Klatt,
2020). Several studies have shown that reaction time and age
are the main factors influencing skills (Birren & Schaie, 2005;
Chang, Pan, Chen, Tsai, & Huang, 2012; Der & Deary, 2006).
Furthermore, it is proven by (Moradi & Esmaeilzadeh, 2015)
that the measurement of reaction time is closer to the agility
variable.

Bompa & Buzzichelli (2019, 2021) say agility is a person’s
ability to change direction quickly, and thisisa veryimportant
factor in many sports. Another study that proved reaction
time in karate athletes gave accurate results with agility tests
within 0.8 meters (Zemkova, 2016). Research has shown
that reaction time is also influenced by sleep deprivation
(M. Jarraya, Jarraya, Chtourou, Souissi, & Chamari, 2013;
S. Jarraya, Jarraya, Chtourou, & Souissi, 2014), fasting
conditions for 14 hours and exercise (Cherif et al., 2018),
and anxiety (Singh, Prakash, Punia, & Kulandaivelan, 2017).
Based on this review, this illustrates that in order to get it, a
goalkeeper needs to deal with two other important temporal
dimensions that underlie motor skill performance including
anticipation and reaction time. (Schmidt & Wrisberg,

2010; Tani, 2016). Based on this problem, the temporal
coincidence that the goalkeeper is looking for in relation to
the ball moving towards the goal can be preceded, so as to
be able to defend the goal from attacks. A kick towards the
goal that is fired from close range so that high reflex skills are
needed (Scheunemann, 2012).

Various attempts were made to increase reaction time,
one of which was by increasing agility and speed through
high-intensityinterval training (Fauzi, Wiriawan, & Khamidi,
2020), drill leader (Fantiro, 2018; Puriana, 2017). There are
four aspects that need to be considered and trained including
physical exercise, technical training, tactical training, and
mental training (Harsono, 2015). According to (Muhammad
Mubhyi Farugq, 2014) physical exercise is one very important
aspect, in which the physical components and classifications
in men’s football are strength, muscle endurance, speed,
agility, flexibility, power and cardiopulmonary endurance.
Next, there is a relationship between reaction speed, agility
and confidence with penalty kick anticipation (Lubis, 2014).
A goalkeeper will have difficulty responding to a directed
ball if he does not have reaction and speed, a goalkeeper who
has the ability to react quickly is an expensive plus. Reaction
time is one of the important supporting elements that need
to be tested for measurement (Eckner et al., 2015), especially
for goalkeepers who really need a reaction (Fadi & Sutresna,
2019). Therefore, effective training is needed to increase the
goalkeeper’s reaction time, so this is an important point to
do. Based on this statement, this study aims to prove the
effect of imagery and agility training on the reaction ability
of futsal goalkeepers.

Materials and methods

Participant

This study involved high school (SMA) students in the
position of futsal goalkeepers in Metro City with 90 students
participating, consisting of 9 High Schools in Metro City
who participated in the Student Futsal League. In this study
using perposive sampling technique with criteria for age 16-
18 years, goalkeeper position, male students and players who
have an agility ladder and agility hurdle, so that a sample of
24 students is obtained.

Data Collection Techniques and Instruments

The type of instrument used to measure the ability of
the goalkeeper’s reaction speed in this study was the whole
body reaction test with reliability and validity coefficients of
0.93 and 0.607 according to Nurhasan (Nurhasan, 2008). To
perform the whole body reaction time test, the researcher
used the whole body reaction time test. This test is carried
out to determine the level of whole body reaction time from
all samples. This type of test consists of two types: 1) visual,
namely doing tests using the sense of sight and 2) Audio,
namely doing tests using the sense of hearing (Miyatake,
2012).

Prosedure

Experimental research conducted using a factorial
design research design using a quantitative approach, the
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approach Quantitative data uses a lot of numbers, starting
from data collection, interpretation to the data, as well as
appearance of the results (Sugiyono, 2019). In research
this researchers use treatment (treatment) with imagery
exercises with audiovisual and visual methods with level
ability agility each sample to group experiment. The process
of training carried out on the futsal field, imagery training
using audiovisual with the procedure of students seeing
training videos that have been prepared by the coach to be
implemented in the field, as well as the imagery training
process using visuals, students seeing pictures of exercises
that have been prepared by the coach to be implemented in
the futsal field.

Table 1. 2x2. Factorial Research Design

Imagery Audio visual V visual
Agility Al A2
Tall Al1B1 A2B1
Bl
Low Al1B2 A2B2
B2

Agility test after high and low results are grouped in
both training methods, then grouped into groups exercise
method. The results are taken high and low. The procedure
for obtaining a high component group and alow component
group in the two training methods is 27% of the total score
of each group, then an order is taken from the highest score
to the number of samples required and an order is taken
from the lowest score to the number of samples required.,
the score midway between the highest and lowest scores is
omitted. If the test takers are large enough, then the division
of the upper and lower groups, is taken 27% of students
who have high-high scores as the upper group and 27% of
students who have low-low scores as the lower group.

Data Analysis

The data analysis technique used in this study is the
ANOVA test, before the ANOVA test is carried out, the
analysis requirements test is carried out, namely the
Normality Test; and Homogeneity Test assisted using the
SPSS version 23 application program and a significance level
of 5%, The analysis was continued with the Least Significance
Difference (LSD) test.

Result

Based on the results of the normality test, the significance
value shows 0.971 and 0.946 > 0.05, thus it can be concluded
that the sample comes from a normally distributed
population. The results can be seen in table 2.

Table 2. Normality Test One-Sample Kolmogorov-Smirnov
Test

AV \%

N 12 12
Kolmogorov-Smirnov Z 0.488 0.525
asymp. Sig. (2-tailed) 0.971 0.946

The research hypothesis test was carried out using
analytical techniques on 2x2 factorial ANOVA, the summary
of which can be seen in table 3.

Table 3. 2x2 Factorial Anava Results (2 Way Analysis of
Variance)

Dependent Variable: post

Source df F Sig. Note:
Imagery Practice 1 16603 0.001 L1ereis asignificant
influence
Agility 1 6968 0018 hereisasignificant

influence

Based on the results in table 3, it is known that the
significance value of imagery training is 0.001 < 0.05 which
means “Ha is accepted” then there is an effect of Imagery
training on the goalkeeper’s reaction time. Next, the
significance value of Agility training is 0.018 <0.05, which
means “Ha is accepted”, then there is an effect of agility
training on the goalkeeper’s reaction time.

Based on the results of the main effect above and shows
the influence of the interaction between factors or treatment
of imagery training and agility then tested the simple effect
with the LSD difference test statistic in table 3.

Table 4. Simple Effect Calculation Results with LSD
Difference Test Statistics

Average . : .
Group Difference Sig Sig Conclusion
AIBI-AIB2 3959 2677 0016 005 Lhereisasignificant
influence
A2B1-A2B2 2894 1942 0.395 0.05 No significant effect
AlBI- A1B2

100

39,5
59 26,77

= AIBICI

Average Difference
= A1B2C1

0,1

0,01

Fig. 1. Result Chart A1B1 - A1B2

The difference shows that in imagery exercises using
audiovisual, high agility is obtained on average is X = 39.59
while imagery exercises using audiovisual, low agility
obtained the average is X = 26.77. Where from the results
of significance 0.016 < 0.05 so it can be concluded that
there is a significant difference between imagery training
using audiovisual, high agility and imagery training using
audiovisual, low agility (fig. 1).

Imagery practice using visual, high agility the average
obtained is X = 28.94 while the imagery exercise using visual,
low agility is obtained on average is X = 19.42. Where from
the results of significance 0.395 > 0.05 so it can be concluded
that there is no significant difference between imagery
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A2B1 - A2B2

100

28,94 19.42

1
Average Difference
0,395
0,1

0,05

=A2BICI

= A2B2C1

0,01

Fig. 2. Result Chart A2B1 - A2B2

training using visuals, high agility and imagery training
using visuals, low agility (fig. 2).

Discussion

This study aims to prove the effect of imagery training
and agility training on the reaction ability of goalkeepers
in futsal, so that they can be used as training activities to
increase the reaction time of goalkeepers. The results of the
2x2 factorial ANOVA test show that imagery and agility
training on the goalkeeper’s reaction time t count is greater
than t table. In addition, the results of the significance test
show that the effect is significant. Based on these results,
it can be concluded that imagery and agility exercises have
a significant effect on the reaction time of goalkeepers in
futsal. Relevant research in basketball games proves that
imagery training with a low concentration level and a high
concentration level has an effect on students’ lay-up abilities
(Akbar, Priambodo, & Jannah, 2019), and is able to increase
players’ reaction time (Hariyanto, Prakosa, & Sholikhah,
2021).

Recent research has shown that by doing imagery
exercises for eight weeks using video, it can significantly
increase the total RMST time of soccer players, reactive
agility time, passing time, and passing accuracy (Majlesi,
2021). Imagery exercise combined with physical exercise
turned out to give more effective results than physical exercise
alone, these results indicate a difference in the effect given
(Simonsmeier, Andronie, Buecker, & Frank, 2021). This
statement is also reinforced by several previous studies that
suggest doing imagery exercises because they are considered
effective for improving psychological skills (Cumming &
Williams, 2013; Guillot & Collet, 2008). Another study was
conducted on futsal goalkeepers that the speed of reaction
time can be increased by using the 8-point star drill method
(Fadi & Sutresna, 2019). In addition, understanding the
application of providing training stimuli is also very
important to improve athlete performance (Hammami et al.,
2018; Lloyd et al., 2013; McNarry & Jones, 2014). Research
conducted by (Frank, Bekemeier, & Menze-Sonneck, 2021)
using imagery exercises during breaks between exercises
turned out to provide a positive increase in the ability of
higher motor skills.

Subsequent studies where doing agility exercises has
an effect on foot coordination ability (Sumarsono, 2019;
Sumarsono & Ramadona, 2019), dribbling results (Irfan &
Umansyah, 2019; Nasuki, Kharisma, & Effendy, 2021), and
has an influence on kick skills sickle using agility leader and
cone drill (Dwi Lestoyono, 2020). It turns out that agility

training also increases agility in the game (Anjasmara, 2021;
Haryono, Amiq, & Fitriady, 2021; Wihantono, Pradipta, &
Widiyatmoko, 2020). The better the athlete’s agility level, the
easier it is for athletes to make difficult movements, avoid
injury when practicing or competing, and easy to move
in various directions and quickly in anticipating the ball
from the opponent (Darojat & Hariadi, 2019). The results
presented by (Biichel, Gokeler, Heuvelmans, & Baumeister,
2022) show that agility performance is closely related to
cognitive demands. Therefore, with the ever-increasing
demands of the game, researchers are looking for ways and
means, which at some level will have an impact on these
motor skills as well (Obetko, Peracek, Miculic, & Babica,
2020).

Mankowska, Poliszczuk, Poliszczuk, and Johne (2015)
say the ability to perceive in basketball games affects the
ability to anticipate. A study proves that the reaction of futsal
goalkeepers is influenced by bouncing tennis balls against
the wall (Herlambang, Rahmat, Suharto, Aprillyaningrum,
& Sari, 2021), with the reaction training method, this will
provide an effective increase in goalkeeper performance
in a match (Hidayat, Permadi, & Hermawan, 2022). The
results of this study provide evidence that the reaction of
the goalkeeper is needed to improve the quality of the game.
So this result also illustrates the importance of doing the
right exercises so that the goalkeeper’s reaction increases.
In addition, by doing exercise through sports activities it
makes a positive contribution to physical, emotional, and
psychological well-being (Hughes et al., 2020), and can also
improve health (Meo et al., 2021).

Conclusion

Theresults of the research above have a strong foundation
regarding imagery and ability training on goalkeeper
reactions, on the basis of references from previous studies
that have been carried out which are listed in the discussion
of results and discussion. Therefore, it can be concluded that
imagery and agility exercises have a significant effect on
the reaction time of goalkeepers in futsal. The results also
prove that there is a significant difference between imagery
training using audiovisual, high agility and imagery training
using audiovisual, low agility. While there is no significant
difference between imagery training using visuals, high
agility and imagery training using visuals, low agility. The
weakness in this study is only limited to the effect of two
levels of imagery training methods, two levels of agility
training, as a follow-up to this research it is advisable to
examine various variables and other attribute variables that
affect the reaction ability of futsal goalkeepers.
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Marepianu ta Metopu. Lle ekcriepuMeHTaIbHE JOCTIIKEHHS, IPOBefieHe 3a (PAaKTOPHVM IUIAHOM i3 BUKOPMCTAHHSM Ki/bKic-
HOTO Mmifgxofy. Y LbOMY TOCTiPKEHHI JOCTIIHUKI BUKOPUCTOBYIOTb PEXKMM 3aCTOCYBaHHSA BIIPAB Ha PO3BUTOK YsABM, ay/liOBi3y-
aJIbHUX i Bi3ya/IbHUX METO/IIB, 3 BUMIPIOBAHHAM PiBHS 3HaTHOCTI Ta CIPUTHOCTI KOXKHOI BUOIPKY B TPYIIOBOMY eKcIepuMeHTi. T
IHCTPYMEHTY, AKMI BUKOPUCTOBYBAJIN J/I1 BUMIPIOBAHHA 3[JaTHOCTI MIBUMAKOCTI peakIjii BOpoTaps B IbOMY JOCTi/I)KEHHI, 11e TeCT
peaxuii Bcboro Tina. [lomynaniro B [boMy SOCTIIKEHH] CKIaann y4Hi CepeqHbOl KON, AKi rpann (byTsaanMMM BOPOTapAMU
10 BCbOMY MicTy MeTpo; KinbKicTb y4acHMKiB craHoBuUIa 90 y4HIB i3 9 cepeHixX MIKin 10 Bcbomy Micty Merpo. Bukopucrosysa-
JIM METOJI Li/TeCIpsIMOBaHOl BUOIpK, 11106 oTpuMary BUOIpKy 3 24 y4HiB.

Pesynbraru. Pesynbraty fOCTipKeHHA HOBOJATD, 1110 BeIMYMHA 3HAYYLIOCTi TpeHyBaHHA yaABM cTaHoBuTh 0,001 < 0,05, mo
O3Hayae «AJIbTePHATUBHY TillOTe3y NPUITHATO», TOOTO iCHYe BIIMB TPEeHYBaHb YABM Ha 4Yac peakilii Boporaps. lami 3Ha4eHHA
3HAYYIOCTi TpeHYBaHHA CIPUTHOCTI cTaHOBUTD 0,018 < 0,05, 1110 03HAYa€ «AJIbTEPHATUBHY TilIOTe3y MPUITHATO», TOOTO € BIVINB
TpeHyBaHHs CIPUTHOCTI Ha Yac peakilii BopoTaps. ICHye CTaTMCTUYHO 3HAYYy1A PiSHULIA MiXK TPEHYBAHHAM ySABU 3 BUKOPUCTAH-
HAM ayflioBi3ya/IbHUX 3aC0O0iB, BICOKOIO THYUKICTIO, Td TPEHYBaHHAM ysABM 3 BUKOPUCTAHHAM ay/i0Bi3ya/IbHNUX 3aC001B, HU3BKOIO
THYYKICTIO, i3 TOKa3HMKOM 3HadymocTi 0,016. [Ipy 1boMy HeMa€ CTaTUCTUYIHO 3HAYYLOi pisHMII MiXXK BIIpaBaMy Ha PO3BUTOK
YSBY 3 BUKOPYCTAHHAM Bi3ya/IbHIX 3aC00iB, BUCOKA CIIPUTHICTD, i BIIpaBaMi Ha PO3BUTOK YsBYU 3 BUKOPUCTAHHSM Bi3ya/lbHUX
3aco0iB, HU3bKa CIPUTHICTD, i3 OKa3HMKOM 3HauyI[ocTi 0,395.

BucHoBku. Ha mifcraBi ofnep>kaHux pesynbraTiB MOXKHA 3pOOMTHU BUCHOBOK, 1110 BIIPaB) Ha PO3BUTOK YABU Ta CIIPUTHOCTI
MaIOTh 3HAUHMII BIUIMB Ha Yac peakiiil BOPOTapiB y GpyTsaii.

Kirouosi coBa: TpeHyBaHHA yABY, TPEHYBaHHA CIIPUTHOCTI, peaklilid BOpoTaps, GpyT3a, CIOpT.
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Abstract

The study purpose was to identify the effects of a combination of plyometric exercises in the increasing leg and arm

power abilities of volleyball athletes.

Materials and methods. Forty students were involved in this study. They were students who were active in practicing
volleyball, and then they were divided into four groups of 10 students each, namely (1) Squat thrust jumps and clap
push-ups, (2) Squat thrust jumps and lateral push-ups, (3) Rope jumps and clap push-ups; and (4) Rope jumps and
lateral push-ups. Then they practiced plyometrics three times a week for eight weeks. Statistical analysis used the
t-test and the N-Gain Score using the Statistical Package for Social Science (SPSS) version 26 program.

Results. The results of the combination of plyometric exercises stated that it had an effect on the muscle power

of both the legs and arms (p<0.05); then, the results showed the combination of squat thrust and lateral push-up
exercises was effective in increasing the ability of leg muscle power by 84.43% while the variety of squat thrust jump
exercises and clap push-ups provide effectiveness in increasing arm muscle power by 25.23%.

Conclusions. The variety of these two types of plyometric exercises was successful in helping volleyball athletes
improve their vertical jump abilities. Still, from the results of this study, it was not very effective in increasing the

capacity of arm muscle power.

Keywords: plyometrics, power, muscles, combined exercises.

Introduction

Volleyball is a very popular sport at this time, to
become a professional player, it requires main indicators on
anthropometric profiles (height and BMI) as well as physical
components (leg power, speed, and agility) (Tsoukos et al.,
2019), volleyball athletes also need development of explosive
power exercises to support performance (Loturcoetal.,2018).
Athletes with low levels of performance differ significantly,
with athletes from higher-ranked teams achieving better
results (Pocek et al., 2021). Successful players are volleyball
athletes with slimmer and taller anthropometric profiles and
greater motor skills than lower-level players (Mili¢ et al.,
2017). Volleyball coaches must be observant in developing
these two profiles from the start of the athlete joining the
training program.
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Success in attacking actions in volleyball matches
is directly related to the athlete’s ability to make vertical
jumps (Berriel et al., 2021). Thus, players need coordinated
movements of the hips, torso, shoulders, elbows, and wrist
muscles to efficiently transfer their power to the ball (Baena-
Rayaetal., 2021). Therefore, volleyball athletes often perform
jumps, moving quickly, and a combination of the two during
practice and matches.

Improved spike performance is generally associated with
increased motor mobilization units, increased coordination
between muscles, increased nerve stimulation to agonist
muscles, and increased use of SSCs (Markovic & Mikulic,
2010; Taube et al., 2012). Plyometric exercises show positive
things for volleyball athletes, and practices are characterized
by slow cycles of muscle-tendon shortening (SSC) or fast
SSC and jumping exercises with different ground contact
times (Ramirez-Campillo et al., 2020). During slow and fast
SCC, the accumulation of elastic energy facilitates greater
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regeneration of mechanical work, i.e., explosive forces in
subsequent actions (Radnor et al., 2017).

Plyometric training is suitable for increasing vertical
jumping ability (Stojanovi¢ et al., 2017), agility, and speed
(Silva et al., 2019). All of these components are needed
by volleyball athletes. In addition, plyometric training,
combined with other typical training modalities, elicits
many positive changes in healthy individuals’ nervous and
musculoskeletal systems, muscle function, and athletic
performance (Markovic & Mikulic, 2010). In previous
research, plyometric training can increase the jumping
ability of young athletes (Meylan & Davide, 2009; Santos
& Janeira, 2008); squat thrust and jumping rope are types
of exercises that can increase speed and power (Fischetti et
al., 2018).

Inaddition to strengthening the lower muscles, volleyball
players also need to increase performance in the upper body,
especially in the trapezius and pectoralis muscles (Cuckova
et al,, 2012). Clap push-up exercise is an exercise that can
increase the activation ability of the pectoralis major, triceps
brachii, and anterior deltoid muscles (Nadzalan et al., 2021).
This type of plyometric exercise is highly recommended to
increase strength in the upper body (Moore et al., 2011).

Many reviews have been written about the benefits of
plyometric training. However, most of these reviews focus
on one body part (Sole et al., 2021). This study focuses on the
effect of 2 plyometric combination exercises on increasing
body performance in the arms and legs. Both of these parts
have contributed to the implementation of volleyball athletes
in volleyball.

Materials and methods

Participants

Forty male students participated in this study. They have
inclusion requirements, namely 1. Are students who are ac-
tive in the activities of the volleyball branch student activity
unit. 2. The age of the participants is 19-20 years. 3. Actively
engage in physical activity at least three times a week. Fur-
thermore, 40 students were divided into four experimental
groups, which were differentiated based on the form of ex-
ercise given. The division is group (1) Squat thrust jump and
clap push-ups; (2) squat thrust jumps and lateral push-ups,
(3) rope jumps and clap push-ups; and (4) Rope jumps and
lateral push-ups. Before the trial, participants were informed
of the benefits and potential risks associated with the study.
In addition, all signed informed consent forms according to
the most recent revision of the Declaration of Helsinki.

Table 1. Demographic Characteristics

N Body Weight Body Height Age
40 60-70 kg 170-180 cm  19-20 Years
Study Protocol

Forty participants will carry out combined plyometric
physical training for 8 weeks (3 times a week) (Negra et al.,
2020; Voisin & Scohier, 2019). All participants were divided
into four groups, and each group had 10 participants; they
were included in groups (1) Squat thrust jumps and clap

push-ups, (2) squat thrust jump and lateral push up, (3) rope
jump and clap push up; and (4) Rope jumps and lateral
push-ups. Leg power was assessed using a force plate/Accu
power version 1.3, and arm power was measured using a ball
medicine throw test.

Statistical analysis

The mean and standard deviation were measured
using descriptive statistics. Furthermore, to determine the
differences in each treatment using the t-test. And to see what
treatment is most effective in supporting the performance
of power for both resolution and arm muscles, the NGain
Score test is used. Statistical analyzes were performed using
the SPSS 26 program for Windows (SPSS, Inc., Chicago, IL).

Results

Table 2 explains that the four groups provide differences
after doing a combination of plyometric exercises. Squat
thrust exercise gives the best results in increasing leg and
arm muscle power after undergoing plyometric training for
eight weeks.

Table 2. Results of Descriptive Analysis of the difference
between Pre-test and post-test Power of the Muscles of the
Legs and Arms

Leg Muscle Arm Muscle
Group Treatment N  Mean D Mean
(Watt) (Meter)

Squatthrustandclap 51010 560 902 270
push up
Squat thrust and lateral 10 644 072 729 1.27
push up
Rope jump and clap 10 1002 170 506 192
push up
Ropejumpandlateral ) 30 40 565 250

push up

Table 3 shows that the intervention of squat thrust and
lateral push-up exercises gave a highly practical value of
84.43% in increasing leg muscle ability. Furthermore, the
intervention of squat thrust and clay push-up exercises only
provided an effective value of 45.53%. On the other hand, the
combination of rope jump and lateral push-up exercises only
gives a weight of 3.36%. Meanwhile, the variety of rope jump
and lateral push-up exercises gave a small value of 3.36%, or
it can be said that it was ineffective for leg power.

In table 4, it can be seen that the intervention of several
combinations of plyometric exercises only had an impact
of less than 25% on increasing the performance of arm
muscle power. First, the variety of plyometric exercises in
the form of squat thrusts and clap push-ups has the greatest
impact, with an effect of 25.23%. Then, the combination of
plyometric exercises in the form of squat thrusts and lateral
push-ups has an effect of 21.66%. After that, the variety of
plyometric exercises in rope jumps and clap push-ups only
had an effect of 14.83%. And the combination of plyometric
exercises in the form of rope jumps and lateral push-ups only
had an impact of 22.18% on arm power ability.
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Table 3. Of the effectiveness of the exercise on the four treatments on leg muscle power

No Group Treatment N r t Sig.  N-Gain Score %
1 Squat thrust and clap push up 10 45.53 45.53 %
2 Squat thrust and lateral push up 10 84.43 84.43 %
0.641 -6.381 0.000
3 Ropejump and clap push up 10 3.36 3.36 %
4 Rope jump and lateral push up 10 15.36 15.36 %
Table 4. Shows the effectiveness of exercise in 4 treatments on arm muscle power
No Group Treatment N r t Sig.  N-Gain Score %
1 Squat thrust and clap push up 10 -25.23 2523 %
2 Squat thrust and lateral push up 10 -21.66 21.66 %
0.991 -15.662 0.000
3 Ropejump and clap push up 10 -14.83 14.83 %
4 Rope jump and lateral push up 10 -22.18 22.18%
Discussion changes in muscle size and/or architecture, and changes in

Volleyball has immediate difference from similar sports
such as basketball. This sport allows an athlete to perform
explosive power in both the lower body (legs) and upper
body (arms). This happens when a volleyball player hits
a mass, and then the function of the leg and arm muscles
both perform explosive power movements. In volleyball, the
ability to jump on each player is very important to master
because it is a characteristic of the volleyball game itself,
especially in increasing improvement and maintaining
points (Pereira et al., 2015).

After eight weeks of plyometric training with a
combination of plyometric exercises, it was found that the
variety of plyometric exercises using squat thrusts had more
impact on the average power of volleyball athletes than the
group using a variety of rope jump plyometric exercises.
However, the squat thrust combination group and the rope
jump combination gave the same results.

Hypertrophy of the quadriceps, Vastii, rectus femur
and gluteus maximus muscles is why there is an increase in
power in the supporting muscles (Ribeiro et al., 2022). In
addition, squat thrust exercises also increased the quality of
the vertical jump both in the single plyometric exercise group
(Ramlan et al., 2018) and in combination with plyometric
training (Adams et al., 1992).

This study found that plyometric exercise more
effectively influenced lower body power. This is in line with
previous research, which concluded that plyometric training
has the potential to improve lower extremity performance
(Chelly et al., 2014; Davies et al., 2015; Hrzenjak et al., 2016).
Therefore, plyometric training is an important component
of any training program for volleyball players (Ahmadi et
al, 2021).

Two volleyball players’ abilities, such as spike and block,
rely heavily on jumping skills. Fast and high jumps are an
important requirement for every player (Loturco etal., 2017).
The increased elastic characteristics of musculotendinous
nerves are thought to cause increased muscle performance
when jumping (Ignjatovic et al., 2012). Plyometric training
can lead to neuromuscular adaptations that lead to improved
jumping performance. These adaptations can include
increased nerve impulses to the agonist’s muscle, changes
in the mechanical stiffness characteristic of muscle-tendon,

single-fibre mechanics (de Villarreal et al., 2009; Maffiuletti
et al., 2002; Thomas et al., 2009). Other possible aspects of
neural adaptation to plyometric training include changes in
leg muscle activation strategy (or inter-muscle coordination)
during vertical jumps, particularly during the preparatory
jump phase (i.e., pre-landing), and (ii) changes in the
excitability of the stretch reflex (Bishop & Spencer, 2004; de
Villarreal et al., 2009).

The interesting thing in this study was that the rope
jump exercise treatment group did not show effectiveness in
the power test results for both leg and arm muscles. This is
possible because rope jump training tends to give great value
to increasing agility and speed skills (Fischetti et al., 2018).

The surprising finding in this study was that the
percentage of exercise effectiveness in the group did not give
effective results when associated with the performance of
arm muscle power. In this study, the four treatments had less
than 25% practical value, so they were considered ineffective
in increasing arm muscle power. In addition, clap push-ups
in the study (Moore et al,, 2011) gave differences from the
results of the pre and post-tests in this study also made
differences. Still, in the statistical analysis results, the N-Gain
score had a low effectiveness value.

Research provides a new understanding of training
patterns to increase power in volleyball athletes. Combining
the two exercises to increase power in the upper body (arm
muscles) and upper body (leg muscles) is only effective in
one component, the upper body.

Conclusions

The combination of 2 types of plyometric exercises
greatly impacts increasing power in the leg muscles. The va-
riety of these two types of plyometric exercises was success-
ful in helping volleyball athletes improve their vertical jump
abilities. Still, from the results of this study, it was not very
effective in increasing the capacity of arm muscle power.
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'Cypabaiicbkuit lep>kaBHUN YHIBEpCUTET

ABTOpCchKNMil BKIA: A — nu3aits gocnimpkenns; B — 36ip ganux; C - cratananis; D - migroToska pykomucy; E - 36ip komris

Pedepar. Crartsi: 6 ., 4 TabIL., 35 mXKeper.

MerTor0 FOCTiKeHHA OY/I0 BUABUTH BIUIMB KOMOIHAI[l IUTIOMETPUYHNX BIIpaB Ha 301/IblIeHHA CIIOBUX 3Ai6HOCTEN HIr

i pyx y Bones6omicTis.

Marepianu Ta MeTopu. Y 1IbOMY JOCI>KeHH] Opaj y4acTb COpOK CTyAeHTiB. Ile 6y/mu cTymeHTH, AKi aKTUBHO 3aiiMajIiCs

BO/IENI00/IOM, IX PO3JI/IMIN HA YOTUPHM TPy IO 10 CTyfeHTiB y KOXKHIiL, a came: (1) cTpubKu 3 Ipucifiy HoraMu Hasaj y 1oo-
JKEHH1 IUVIaHKY il TIOBEPHEHHAM y BMXi/iHEe IOJIOXKEHH: 31 CTPUOKOM Y BICOTY Ta BiI)KMMAaHHs 3 OIIeCKaMI, (2) cTpubKu 3 mpu-
CiZly HOramu Hasaj y TOI0)KEeHH: IUIAHKM Ji TIOBEPHEHHAM Y BUXi/[He ITONOXKEHHA 31 CTPUOKOM y BICOTY Ta OOKOBI BifpKMMaHHS,
(3) cTpmOKmM 3i CKaKa/JKOI Ta BIIKMMaHHSA 3 X/TONKaMy; Ta (4) cTpubKu 3i cKakankoro Ta 60KoBi BifpknmanHs. [loTiMm BoHM 3a-
JiManucs MioMeTpi€ero TpUi Ha TUXKAE€HD IPOTATOM BOCbMU TVDKHIB. JI7I1 CTaTMCTUYHOTO aHa/li3y BUKOPUCTOBYBaIN t-KpUTepiit
CrplofieHTa Ta OLIHKY HOPMaTi30BaHOTO IIPUPOCTY 3a fgorromoroto 113 Statistical Package for Social Science (SPSS) Bepcii 26.
Pesynprarn. PedynpraTu KoM6iHaIil IITiOMeTPMYHMX BIIPAB CBiAYATh MO ii BIUIMB Ha CUIy M A3iB SK HiT, Tak i pyk (p<0,05);
TAaKOX, Pe3y/IbTaTy [OKa3ay, [0 KOMOiHaLlisA BIIpaB «CTPUOKM 3 IPUCI/Iy HOraMu Ha3af Y IIOI0)KeHHSI ITAaHKM i1 IOBEPHEHHSM y
BUXifIHE IIOJIOXKEHH 31 CTPUOKOM y BUCOTY» Ta «OOKOBi Bill)k1IMaHH:A» Oy/a eeKTUBHOIO 11 361/IbIIeHH 3aTHOCTI CU/IM M A3iB
Hir Ha 84,43%, Topi SIK Pi3HOMaHITHICTb BIIPAaB Ha CTPMOKM 3 IIPUCI/Iy HOTaMM Ha3ajl y OIOKEHHsI IVTAHKM i HOBEPHEHHSM Y BI-
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Xi/{He MOJIOXKeHH: 31 CTPUOKOM y BICOTY Ta BifpKMMaHHA 3 Oluleckamu 3abesredye eeKTUBHICTD y 30iIblieHH] crmy M's3iB PyK
Ha 25,23%.

BucnoBku. Pi3sHOMaHITHICTD IMX JBOX THIIB IVTIOMETPMYHMX BIIPAB YCIIIIHO JOIOMOITIA BOJIeNt0omicTaM MOKPAIUTH IXHI
31i6HOCTI y BUKOHaHHI cTpuOKiB y Bucory. IIpoTe, 3a pesyabraraMu 1[bOro JOCII/PKEHH:, BOHA He Oyna fyxe eeKTUBHO Y
36i/1bIIeHH] Ctu M sI3iB PyK.

Kirouosi coBa: mriomerpis, cuma, M’ 31, KOMOiHOBaHi BIIpaBIL.
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Abstract

Study purpose. Exercise training plays an important role in increasing bone mass. Nevertheless, the osteogenic
effects of exercise training using various bench surfaces are unknown. Therefore, this study aimed to compare the
osteogenic effects of exercise with a soft surface bench and an aerobic both sides utilized (BOSU) ball with those of

aerobic step exercise training (STEP).

Materials and methods. Fifty-two sedentary female participants aged 30-45 years were recruited and randomly
divided into three groups. Seventeen participants were in the STEP, 17 in the BOSU, and 18 in the control group.

The exercise programs of the STEP and BOSU groups were designed to have the same intensity and heart rate range
during each stage of the program. During training, music was used to set the tempo for workouts.

Results. After week 24, both training groups showed significant improvements in physical fitness, body composition,
and body stability (p<0.05). Increased levels of procollagen type I N-terminal propeptide (PINP), an osteogenesis
marker, were observed in both STEP and BOSU groups. Increased bone mineral density was only seen in the BOSU

group (p<0.05).

Conclusions. Both STEP and BOSU programs effectively improved P1NP levels, muscle strength, and postural
control, but only the aerobic BOSU ball training improved bone mineral density in premenopausal women.

Keywords: bone formation, postural control, premenopause.

Introduction

Thereare several ways to measure bone density, including
measuring procollagen type I N-terminal propeptide
(PINP) levels and quantifying bone mineral density (BMD).
PINP is a bone formation marker and predictor of BMD.
Lower levels of PINP predicted BMD loss over 12 months in
patients with premenopausal systemic lupus erythematosus
(Seguro et al., 2015). In addition, low levels of PINP and
BMD may predict osteoporosis (Krege et al., 2014), which
increases the risk of bone fractures.

Pharmacological strategies may constitute the main
treatment for osteoporosis; however, some medications cause
adverse effects (McClung et al., 2013). Exercise and non-
pharmacological strategies are recommended to maintain/
improve bone health (Xu et al., 2016). The long-term effects
of exercise include increased BMD (Park et al., 2008; von
Stengel et al., 2007) and body stability in postmenopausal
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women (Anek et al., 2015). A recent systematic review and
meta-analysis documented the benefit of life-long exercise
in maintaining bone health in women (Xu et al., 2016). In
premenopausal women, specific impact exercises (vertical
jumps or hops) improve the BMD of the femoral neck,
lumbar spine, and greater trochanter. Thus, one of the
main objectives of exercise in this stage of a woman’s life
is to increase the peak bone mass to prevent bone loss after
menopause.

Several studies have confirmed that impact exercises
such as jumping and step aerobics could enhance bone
mass, muscle strength, and balance stability in pre- and
postmenopausal women (Anek et al., 2011; Marques et
al., 2013; Sherrington et al., 2008). Exercise programs
of shorter durations might increase PINP levels before
changes in BMD are observed. A study reported that a 48-
week combined exercise training program enhanced body
stability and BMD of the trochanter and femoral neck (Park
et al., 2008). Essentially, significant changes in BMD from
exercise interventions may require a long duration, while
increases in PINP levels have been observed following short
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experiments (Alkahtani et al., 2019; Scott et al., 2011). Using
shorter durations, Anek et al. (2011) investigated the effects
of an aerobic step (STEP) program in postmenopausal
women. After 12 weeks, an increase in bone formation
marker (P1NP/beta-Crosslaps) levels was observed in the
training group, suggesting that hard surfaces should be used
in exercises for managing bone health (Anek et al., 2011).

Unstable surfaces with whole-body vibration training
increased BMD in postmenopausal women (de Oliveira
et al., 2019). Moreover, a recent study reported that both
stable and unstable surface balance training enhanced static
balance and functional ability in middle-aged women.
Nevertheless, unstable balance training with an aerobic both
sides utilized (BOSU) ball showed greater improvements
(Nepocatych et al.,, 2016). BOSU ball training has two
main objectives: maintaining lateral balance and timing
efficiency during the ascending and descending phases of
movement (Wing, 2014). The degree of ground reaction
force during BOSU exercises may differ from that during
the STEP program, thus promoting a more distinct effect
on bone status in the long term. Interestingly, no studies
have investigated its effects on bone markers. Moreover,
there is a need to assess the combination of box jumping
and different surfaces on bone markers; however, no studies
have compared the effects of training on stable and unstable
surfaces when performing box jumping on PINP levels and
BMD in premenopausal women. Therefore, the objective of
this study was to investigate the effect of a 6-month exercise
program, using either 1) a soft surface bench with aerobic
BOSU ball training (BOSU) or 2) a hard surface (STEP), on
PINP levels, BMD, and postural control. We hypothesized
that these programs would yield distinct positive effects on
bone status and body stability.

Materials and methods

Study participants

This study employed an experimental research design
conducted in sedentary 30-45-year-old women (n=80)
based on the criteria for premenopausal women reported
in a previous study (Anek et al., 2011). Activity levels were
evaluated using a questionnaire, with “sedentary” defined as
not meeting the minimum threshold of 75-150 min/week
of moderate-to-vigorous intensity physical activity. Medical
history and general qualifications were evaluated before the
exercise program was selected. The selection instruments
were a participant selection form, health questionnaire, and
dual-energy X-ray absorptiometry (DEXA Scan, Hologic
Inc., Marlborough, MA) to measure BMD. None of the
participants were diagnosed with osteoporosis based on
DEXA or were smokers or alcohol consumers. Those who
drank tea or black coffee consumed no more than two
standard cups daily (250 mL/cup). None of the participants
received hormonal replacement therapy or calcium
supplements, and none of the patients had a body mass index
of >30 kg/m?. The exclusion criteria were premenopausal
status with heart disease, known obstructive lung disease,
inability to complete the exercise program, and severe injury
during training. A total of 52 participants were included in
the study, with 17 participants in the STEP, 17 in the BOSU,
and 18 in the CON groups (Fig. 1). After recruitment, the

participants were randomized into three groups: 1) control
(CON) group, 2) BOSU group, and 3) STEP group, using
a Microsoft Excel random number generator program.
Participants were also excluded if they dropped out or
completed less than 80% of the training schedule.

The participants in the CON group were instructed to
remain sedentary. The exercise training groups underwent
24-week exercise training programs involving exercising
thrice weekly for 30 min a day. The BOSU and STEP group
programs were divided into two phases: the intensity was
60%-70% of maximum heart rate (determined by the Tanaka
equation, i.e., 208 — 0.7 x age) in phase 1 (weeks 1-4), and
70%-80% of maximum heart rate in phase 2 (weeks 5-24). In
each phase, compliance with the heart rate training zone was
ensured using a heart rate monitor (Polar Team 2 Pro, Polar
Electro Inc., Lake Success, NY, USA) during the exercise
sessions. A pilot study was conducted before the project to
identify correlations between program intensity and music
rhythm to achieve the same heart rate during each program
stage. The heights of the STEP bench and BOSU ball were
similar (15 cm). During training, music was used to set the
tempo for the aerobic and BOSU training workouts. The two
modes of exercise included dynamic stretching before and
after training as well as warm-up and cool-down periods
totaling 10 min (Fig. 2).

This study was approved by the ethics committee of
the institution (No. SWUEC-440/2561E) and conducted in
accordance with the guidelines of the Helsinki Declaration.
Informed consent was obtained from all participants.

Assessed for eligibility (n=80)

Excluded (n=20)

o Declined to participate (n=3)

« Not meeting inclusion criteria
(n=10)

o Other reasons (n=7)

Randomized (n=60)

v

Allocation

Aerobic step group | | BOSU group (n=20) Control group

(n=20) o Received allocated (n=20)

« Received exercise intervention » Received allocated
allocated exercise (n=17) intervention
intervention « Did not receive (n=18)

(n=17) allocated exercise « Did not receive

allocated exercise
intervention

intervention (n=3)
due to: the distance

« Did not receive
allocated exercise

intervention away, positive (n=2) due to: the
(n=3) due to: laboratory pregnancy distance.away,
surgery, the baby - sitter
distance away
| Analysis |
| Analysed (n=17) | | Analysed (n=17) | | Analysed (n=18) |

Fig. 1. CONSORT flow chart
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Phase 1 (weeks 1-4)

Phase 2 (weeks 5-24)

STEP program |_. 60%-70% of a maximum heart | 70%-80% of a maximum heart
ul rate rate
—l_ - Basic step - Basic step
- = - Step Side taps - Step Side taps
- Step knee - Step knee
- Step leg curl - Step leg curl
BOSU program I_. - Step kick - Step kick
M - Mambo on step - Mambo on step
_]—
-

Fig. 2. STEP and BOSU programs: STEP, aerobic step exercise
training; BOSU, aerobic both sides utilized ball

Study design

At baseline and after 24 weeks, the participants were
evaluated for general physiological status, biochemical bone
markers, BMD, physical fitness, and balance performance.

Measurements

Measurement of biochemical bone markers

Venous blood was drawn on arrival following a standard
8-h overnight fast. The PINP level was measured using a
standard procedure in the clinical laboratory (BRIA lab,
Bangkok, Thailand). Blood collection was performed at
the same time of day for the pre- and post-training tests to
avoid diurnal changes in blood chemistry variables. Three
hours after breakfast, the participants were asked to undergo
body composition, BMD, balance, and physical fitness
assessments.

Physical fitness measures

Body composition was evaluated using DEXA. Muscle
strength measurements were obtained using a Nautilus-type
weight machine (leg extension and leg curl) using the one
repetition maximum (1RM) method.

Balance performance measures

The participants were tested on both hard and soft
surfaces on balance plates to assess static balance ability
(Leme et al., 2022) using the balance error scoring system,
consisting of three stances as follows: single-leg stance
(standing on the nondominant leg with hands on the hips),
double-leg stance (hands on the hips), and tandem stance
(dominant foot in front of the nondominant foot) in a heel-
to-toe fashion. The stances were performed on hard and
soft surfaces with the eyes closed, and errors were counted
during each 20-s trial. An error was defined as lifting hands
off the hips, opening the eyes, stepping, abducting the hip
by more than 30°, or falling out of position after more than
5 s. Balance performance measures were collected by the
same operator. The intra-rater reliability of measures was
determined using intraclass correlation coeflicients with
95% confidence intervals. The intra-rater reliability of
double-leg stance on firm surface, single-leg stance on firm

surface, tandem stance on firm surface, double-leg stance
on foam surface, single-leg stance on foam surface, and
tandem stance on foam surface was 1.00, 0.97 (0.81-0.99),
0.82(0.31-0.95), 0.96 (0.88-0.99), 0.95 (0.86-0.98), and 0.90
(0.69-0.97), respectively.

Measurement of body composition
and bone mineral density

We measured whole-body fat, muscle mass, and BMD
at the lumbar spine (L1-L4) using DEXA (T-score values
greater than —1) to assess body composition and BMD. BMD
scans were analyzed using the World Health Organization
criteria for total bone mass density. BMD measurements
were expressed in g/cm2. These scores were then sex-, age-,
and mean peak BMD-matched.

Statistical analysis

Data are expressed as mean + standard deviation.
All data were tested for normality. Differences among the
three groups were tested using analysis of covariance and
Bonferroni post hoc test. Mean values were compared before
and 24 weeks after the exercise program using repeated
measures analysis. A p-value of <0.05 was considered
statistically significant.

Results

The mean age, anthropometrics, and body mass indexes
of the participants are presented in Table 1. There were
no significant differences in demographic data among the
groups at baseline (p >0.05).

Table 1. Participant characteristics at baseline

Characteristic STEP group BOSU group ~ CON group

(n=17) (n=17) (n=18)
Age (years) 39.2+4.3 38.2+3.5 39.2+3.5
Weight (kg) 59.9+2.6 59.1£7.9 58.4+4.0
BMI (kg/m?) 249423 24.0£2.2 24.1£2.3
Height (cm) 160.2+5.4 159.8+4.4 157.44£3.9
SBP (mmHg) 117.147.1 114.745.7 115.3£7.0
DBP (mmHg) 75.8+£9.2 75.1£7.6 77.3£6.6

Values are presented as mean + standard deviation. CON,
Control; STEP, Aerobic step exercise training; BOSU, Both
sides utilized ball; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure.

There were no significant differences among the groups
in terms of PINP levels, BMD, muscle strength, or postural
control (p >0.05).

Both exercise groups had significantlylower weight, body
mass index, and heart rate at rest (p < 0.05) after the training
intervention. Body composition data revealed significantly
lower arm fat percentages in both exercise groups (p <0.05).
At week 24, android fat percentage significantly decreased
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only in the STEP group, while lean mass significantly
increased only in the BOSU group (p < 0.05). In terms of
muscle strength at week 24, both exercise training groups
showed significant improvement in leg extension and leg
curl measures (p <0.05). Regarding the balance ability after
the exercise intervention, single-leg and tandem stance had

significantly lower error scoring in both exercise groups after
the training, while the double-leg stance on the foam surface
was significantly lower in terms of error scoring only in the
BOSU group (p <0.05, Table 2).

We found significantly greater PINP levels in both
exercise and training groups. However, after the training

Table 2. Response of physiological data, body composition, muscle strength, balance, PINP, and BMD

STEP group (n =17)

BOSU group (n=17) CON group (n =18)

Variable

. Effect
P

Effect

Pre Post size Pre Post P size Pre Post P p°
Physiological data
Weight (kg) 59.94+2.6 58.7+2.9° 0.01 0.05 59.1+7.9 58.4+7.4%¢ 0.01 0.03 58.4+4.0 58.5+4.09 0.60 0.01
BMI (kg/mz) 249423 24.5+2.2¢ 0.01 0.32 24.0+2.2 23.0+1.9¢ 0.01 0.28 24.1+2.3 23.7+2.5° 0.90 0.01
HR Rest (bpm) 75.94+53 71.6+£6.9° 0.01 0.59 74.4+59 70.5+6.8° 0.01 0.75 75.1+6.8 75.6+6.8¢ 0.24 0.01
SBP (mmHg) 117.1£7.1 115.249.2¢0.06 0.09 114.7£5.7 113.4£7.0° 0.08 0.13 115.3+7.0 114.5+8.2° 0.48 0.29
DBP (mmHg) 75.849.2 74.6£11.7°0.21 0.19 75.1£7.6 73.9+9.1° 0.14 0.27 77.3%6.6 76.1£8.1° 0.20 0.93
Body composition data
Body fat percentage (%) 40.2+7.1 39.4+7.3¢ 0.14 0.62 39.6+5.0 39.5+4.5°¢ 0.62 0.59 41.3 +4.4 41.8+3.9¢ 0.11 0.04
Right arm fat percentage (%) 34.6+7.5 32.7+7.2¢ 0.01 0.49 35.1+6.9 33.5+6.5¢ 0.01 0.34 353 +5.6 35.3+5.3¢ 0.97 0.01
Left arm fat percentage (%) 34.747.5 32.747.2¢ 0.01 0.49 35.1+6.9 33.5%£6.5° 0.01 0.34 35.3+5.6 35.3+5.3¢ 0.97 0.01
Right leg fat percentage (%) 42.0+7.8 41.0+7.6° 0.07 0.87 42.1+7.8 41.4+7.6%¢ 0.05 0.79 44.6+4.7 45.1+4.7¢ 0.11 0.01
Leﬁlegfatpercentage (%) 41.947.8 41.3£3.6° 0.08 0.69 41.9+3.2 41.3x7.8° 0.05 0.69 44.6+4.7 45.1+5.5° 0.38 0.10
Android fat percentage (%) 44.149.0 41.949.5¢ 0.01 0.54 43.6+8.2 42.8+7.9¢ 0.07 0.32 43.9+4.8 44.1+4.1¢ 0.63 0.01
Gynoid fat percentage (%) 48.7£5.4 48.5£5.9¢ 0.29 0.35 48.0+3.8 47.5+£3.3° 0.16 0.12 47.1+4.2 47.0+4.3° 0.87 0.50
Lean mass (kg) 34.6+3.8 33.5+£3.8° 0.55 0.76 32.4+3.1 33.1x2.8° 0.02 0.67 30.1+4.2 30.1+4.5° 0.86 0.34
Muscle strength
Leg extension strength (kg/bw) 62.7£12.9 66.1+14.1°0.01 0.73 62.1+10.564.9£11.3° 0.01 0.59 58.4%16.1 60.0£8.3° 0.60 0.40
Leg curl strength (kg/bw) 40.047.7 41.949.1¢40.04 0.52 39.3%+6.7 42.0+7.6° 0.01 0.59 37.6+6.7c 37.1+8.3¢ 0.58 0.03
Balance
Double-leg stance on firm surface
(errors) 0.0£0.0 0.0+£0.0 NA NA 0.0£0.0 0.0+0.0 NA NA 0.0£0.0 0.0£0.0 NA NA
(S:r‘f(if;eg stanceon firmsurface g 50 3053 001 027 44428 2.120° 001 080 30+14 33+15 021 001
(T:rr;gfs stance on firm surface 22408 0.6+0.7° 0.01 0.65 2.6£02 1.0+0.7 001 050 1.7+0.8 14+0.8° 0.06 0.01
Double-leg stance on foam surface
(errors) 0.5£0.6 0.3+0.6° 0.08 0.17 0.5£0.6 0.2+0.4° 0.02 NA 0.3+0.5 0.2+0.6° 0.43 0.64
f;‘g:;eg stance on foamsurface oy 4 6i 4 001 027 63423 31%14° 001 041 43425 404220 038 001
(T:‘rr;g:;‘ stance on foam surface 24409 12+0.8° 001 042 24+1.0 17+L1° 002 NA 24+12 1712 0.11 04l
Biochemical bone markers
PINP (ng/mL) 42.746.1 44.247.0°40.01 0.14 43.0+8.1 45.949.5¢ 0.01 0.37 42.8+7.4 432+7.3¢ 021 0.01
Bone mineral density
Whole-body BMD (g/cm?) 1.19+0.09 1.20+0.07¢ 0.06 1.13 1.11+0.08 1.14+0.08¢ 0.03 0.38 1.13+0.11 1.11+0.08¢ 0.21 0.01
Lumbar spine BMD LI (g/cm?) 1.18+0.17 1.17£0.16°0.52 0.50 1.11£0.12 1.12+0.12¢ 0.67 NA 1.15+0.11 1.12+0.10° 0.05 0.30
Lumbar spine BMD L2 (g/cm?) 1.25+0.17 1.23£0.17°0.14 0.47 1.16+0.14 1.17+0.14° 0.21 0.13 1.18+0.10 1.15+£0.15° 0.17 0.13
Lumbar spine BMD L3 (g/cm?) 1.26+0.14 1.26+£0.13°0.86 0.60 1.21+0.13 1.21+0.14° 0.83 0.10 1.19+0.10 1.20£0.10° 0.57 0.90
Lumbar spine BMD L4 (g/cm?) 1.24+0.10 1.24+£0.13°0.94 1.00 1.18%+0.17 1.20£0.19° 0.36 0.50 1.15+0.10 1.16+0.08° 0.54 0.84
Lumbar spine BMD L1-14 (g/cm?) 1.21£0.13 1.22+0.13°0.55 0.67 1.18+0.14 1.18+0.15¢ 0.70 0.22 1.20+0.12 1.16£0.09° 0.08 0.05
Lumbar spine BMD L2-14 (g/cm?) 1.25£0.12 1.24+0.130.75 0.60 1.17+0.13 1.19+0.15° 0.17 0.10 1.18+0.09 1.18+0.10° 0.47 0.63

Values are presented as mean + standard deviation. CON, control; STEP, aerobic step exercise training; BOSU, both sides utilized
ball; NA, not available; BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PINP,
procollagen type 1 N-terminal propeptide ; BMD, bone mineral density. p < 0.05; %, repeated measures analysis; ®, analysis of
covariance (ANCOVA); ©4, Different superscripts in the same row mean that the values are significantly different (p <0.05)

according to ANCOVA and Bonferroni post hoc test.
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intervention, BMD showed significant enhancement only in
the BOSU group (p <0.05, Table 2). No changes in physical
characteristics, postural control measures, biochemical bone
formation markers, or BMD were observed in the CON

group.

Discussion

The main findings of this study are that both BOSU and
STEP programs enhanced physical fitness, bone status, and
body stability; however, significant improvements in total
BMD were observed only in the BOSU group. Our results
suggest that BOSU training improves physical fitness, bone
status, and body stability in premenopausal women.

Aerobic training, involving high intensity and speed,
can prevent a decrease in BMD in patients with osteoporosis
(Bendettietal.,2018). The National Osteoporosis Foundation
(n.d.) recommends high-impact weight-bearing training,
that is, dancing, high-impact aerobic exercise, hiking,
jogging/running, jumping, stair climbing, and tennis, to yield
beneficial effects on bone health in women. Our training was
designed according to the concept of high impact to increase
gravitational and muscle forces.

STEP and BOSU training, with their ascending and
descending movements, make use of gravity, which may
promote improved functioning of the vestibular apparatus.
The possible mechanism might be that stronger muscles
and consequently better nervous system functions improve
balance (Kovacs et al,, 2012). Regarding the time course, a
previous study reported significant improvements in balance
and health-related physical fitness but not in PINP levels
following a 12-week program of circuit box jumping (Anek
et al,, 2011). Using a longer duration (24 weeks), our results
demonstrated the benefits of STEP and BOSU training on
body composition and physical fitness. Moreover, increased
PINP levels in both STEP and BOSU groups were observed
after 24 weeks, suggesting that exercise duration should be
considered when monitoring bone status in premenopausal
women.

Both muscle and gravitational forces are critical to
regulating bone health, as confirmed by several studies
(Kohrt et al., 1997; Nikander et al., 2005; Shackelford et al.,
2004). In the present study, we used aerobic exercise with
a BOSU ball and bench of a similar height. Owing to the
different surfaces, there might have been distinct muscle and
gravitational forces. Both programs may improve awareness
of body position due to increased proprioceptive input
from the muscles, tendons, and joints (Park et al., 2008)
and may lead to increased body stability, with the unstable
surface of the BOSU ball providing more advantage in terms
of balance (as seen by the changes in double-leg stance).
Our balance results are similar to those of a previous
study in which a greater improvement was observed in
unstable surface training (Nepocatych et al., 2016). Long-
term increases in BMD were observed only in the BOSU
group; however, improvement in the levels of PINP, a bone
formation marker, was observed in both STEP and BOSU
groups. The mechanism is unknown but is likely due to
greater changes in ground reaction force (step down to the
ground from the bench), which should be confirmed by
further studies. Considering the different effects on BMD
between the groups, differences in mechanical loading

might be one of the possible mechanisms to explain why a
lower level could lower cartilage degeneration, subchondral
bone remodeling, secondary inflammation, and activation
of the NLRP3 inflammasome, as previously seen in a male
rat model of osteoarthritis (He et al., 2020). However, it is
necessary to investigate the possible underlying mechanisms
of these outcomes due to the combination of box jumping
and different surfaces in future studies.

Limitations

This study has some limitations. First, considering the
two phases of stepping on and down to the ground surface
in both groups, stepping down to the ground surface would
generate a relatively higher mechanical landing impact on
the foot compared with stepping onto a surface. Ground
reaction force measurement should be added to further
studies to verify the mechanical impacts induced by two
different interventions. Second, we did not measure the
BMD of the lower limbs, which would have also received
mechanical impact, and did not measure multiple time
points of serum bone markers and BMD. Third, we only
measured P1NP levels to identify the bone formation status.
Other parameters, e.g., B cross-linked C-telopeptide of type
1 collagen (B-CTX), should be added in further studies to
verify coupling effects (bone formation and resorption).
Lastly, the number of subjects in the control, BOSU, and
STEP groups was relatively small.

Conclusions

Both STEP and BOSU training programs enhanced
health-related physical fitness, body stability, and PINP
levels; however, an improvement in total BMD was only
observed in the BOSU group. Therefore, we recommend
our BOSU training program to improve these parameters in
premenopausal women.
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OCTEOTEHHI EOEKTU TPEHYBAHDb 3 BAJIAHCYBAJIbHOIO
NJATOOPMOIO ABOBIYHOIO BUKOPUCTAHHA MNOPIBHAHO
3 TPEHYBAHHAMM 31 CTEN-NMJIATOOPMOIO B XKIHOK

Y NMPEMEHOIAY3I

Avapisg Anek!'AB 5 BlTl,T.[ Mirt aHyH1 B
1y HiBepCI/ITeT CpiHaX&piHBipOT

ABTOpCHKNMI BRI A — nu3aiiH gocmipkeHHs; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip kowtis

Pedepar. Crartst: 7 c., 2 Tab1., 2 puc., 23 mxepert.

Merta gocmimKeHHs. 3aHATTA Gi3MUHIMIY BIIpaBaMI BiflirpaloTh BaXX/IMBY POJIb y 301/IblIIeHH] KiCTKOBOI MacK. TMM He MeHIII,
ocTeoreHHi eeKTu 3aHATh (PISMYHMMMU BIIPaBaMU 3 BUKOPUCTAHHAM Pi3HMX CTEH[JOBUX IIOBEpXOHb HeBifomi. TakuM 4mHOM,
MeTOIO0 1IbOTO HOCIIKeHHs Oy/I0 MOPIBHATI OCTeOreHHi eeKTH BIIPaB 3i CTEHJOM i3 M'SIKOIO TIOBEPXHEIO Ta 6aTaHCYBaIbHOIO
mwiardopmoro aBobiuHoro Bukopucranua (BOSU) 3 edpexramu Brpas 3i cren-miardopmoro (STEP).

Marepianu Ta MeTogu. [Ijist y4acTi B fOCTipKeHHI Oy HaOpaHi Ta BUIIAAKOBUM YMHOM PO3JIi/ieHi Ha TPY Ipymn 52 y4acHMIL,
SIKi BefyTh CUsTUNIL Crioci6 sxutts, Bikom 30-45 pokis. CiMHaAATb yyacHULb TpeHyBanucs B rpymi STEP, 17 - y rpyni BOSU,
a 18 - yBirm 1o koHTpombHOI rpynu. IIporpamu Bupas st rpyn STEP Ta BOSU 6ymn pospo6ieHi Takum YnHOM, 11j06 MaTn
OJIHAKOBY iHTE€HCUBHICTD i [lialla3oH Iy/IbCy HA KOXKHOMY eTalli nporpamu. I1ifi yac 3aHATH 1711 BCTAHOB/IEHHA TEMILY TPEHYBAaHb
BUKOPJMCTOBYBA/IN MY3UKY.

Pesynpraru. Ilicns 24-ro TvoKHA 0OMABI TpeHyBa/lIbHI IPynM IOKa3aaM CTATUCTUYHO 3HAYYILIi MOKpaIleHH y (isnuHiit
HiArOTOBI, KOMIO3NUIi TiNa Ta cTaHi piBHOBaru Tina (p<0,05). B 060x rpymax STEP ta BOSU cnocrepiranucs migBuieHi pisHi
N-tepminanpHOrO nponentugy npokonareny I tuny (P1NP), mapkepa ocreorenesy. IligBuieHHs MiHepanbHOI MIiNMbHOCTI KicT-
KOBOI TKaHMHU criocTepiranocs nuiue B rpyni BOSU (p<0,05).

Bucnosku. O6masi nporpamu STEP ta BOSU edextnBHo mipBuimmu pisai PINP, M’HsoBy CUJTy Ta KOHTPOJIb IIOCTaBH,
aJie JIUIlle TPEHYBaHHA 3 0a/aHCYBa/IbHOIO ITAT(GOpMOI0 ABOGIYHOrO BukoprcTanHsa BOSU mokpainio MiHepanbHy HUIBHICTD
KiCTOK Yy >KiHOK y IIpeMEHOIIay3i.

KnrouoBi cmoBa: GpopMyBaHH: KiCTOK, KOHTPOJIb IIOCTABM, IIPEMEHOIIAy3a.
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Abstract

Study purpose. This research aims to evaluate and analyze the Final Time (FT), Split Time (ST), and Reaction Time
(RT) records of 100-meter butterfly swimmers in four Olympic events in order to provide benchmarks and standards

for the development of swimming training.

Materials and methods. This research combines quantitative and qualitative approaches. This study utilized a sample
of 32 athletes ranked first through eighth who competed in the 100-meter butterfly at four Olympics: the 2008 Beijing
Olympics, 2012 London Olympics, 2016 Rio Olympics, and 2021 Tokyo Olympics. It utilizes secondary data in which
all time results are obtained from the website (http://www.fina.org). The descriptive statistics of mean and standard
deviation were utilized for statistical analysis in this study. The Kolmogorov-Smirnov test was used to determine

data normality. For comparing data between Olympiads, a one-way multi-comparison ANOVA was used to verify
interactions between RT, ST, and FT across Olympiads. To determine the effect of RT and ST on FT, one-way linear
regression was used with a significance level of p<0.05 as a standard. SPSS Inc., Chicago, IL, USA, was utilized for all

analyses.

Results. ST and RT were found to influence the achievement of FT in the 100-meter butterfly stroke, and RT had an
effect of 0,712 (51%), for both male and female swimmers, on the achievement of the time in the first 50 meters.
Conclusions. The conclusion is that both athletes and coaches are required to optimize the achievement of RT and
ST in short-distance swimming because these two indicators play a crucial role in achieving the travel time of short-

distance swimmers.
Keywords: reaction time, final time, split time, swimming.

Introduction

In every European, world and Olympic swimming
championship, there is always a record-breaking swimming
time for all events (Marinho et al., 2020). This is inseparable
from the ingenuity of the coach in maximising every movement
of the swimmers. Swimming movements have high complexity,
such as when starting and turning, dolphin and hand pull
(Morais, Marinho, et al., 2019; Tourny-Chollet et al., 2010).

Hand drag kinematics is another essential element of
the results of butterfly stroke swimming (Strzata et al., 2017).

© Pramono, B.A., Mustar, Y.S., Sumartiningsih, S., Marsudji, L,
Hariyanto, A., Sidik, M.A., Kusuma, I D.M.A.W.,, 2023.
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In addition, adjustments to match distances (short, medium
and long distances) are also a separate consideration
for a coach in determining appropriate movements and
techniques as well as pace time for each event (McGibbon et
al., 2018; Menting et al., 2019; K. G. Thompson et al., 2000).

In swimming, small motion errors will cause
hydrodynamic resistance (Washino et al., 2019), so coaches
must pay attention to the movements' details and the energy
athletes use. Coaches must use match data such as RT, ST,
and FT combined with video recordings to analyse swimmer
performance (Gonjo & Olstad, 2021).

A 100-meter butterfly stroke is a fast number or short
distance that must be supported by several indicators such
as reaction time (RT), force technique, low resistance when
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entering the water, underwater glide, and underwater
propulsion (Bishop et al., 2013; Potdevin et al.,, 2011). A
coach must pay attention to long jump performance in
swimming athletes to positively impact achieving reaction
time(Rebutini et al., 2016).

Swimming speed can be defined as the speed at which a
swimmer completes a distance and is an important variable
to monitor to get better performance (Gordon et al., 2015; G.
K. Thompson, 2014). Therefore, proper swimming speed is
essential to avoid unwanted sudden onset of fatigue, leading to
loss of strength, coordination and stroke speed (Mauger et al.,
2012; Taylor et al., 2016; G. K. Thompson, 2014). Competitive
and elite swimmers can constantly repeat swimming speeds
under different conditions (Skorski et al., 2013, 2014).

This research aims to evaluate and analyse records of
final travel time, ST, and reaction time to determine the
performance developments of athletes swimming in the
100-meter butterfly at the four Olympics. The urgency in
this study is that the evaluation of FT, ST and RT is critical
to be applied to swimming training even though. Currently,
swimming coaches do not understand the standards of
swimmer success as measured by these three indicators.

Materials and methods

Study participants

In this study, the type of research used is a combination
of quantitative and qualitative with descriptive methods.
There were 32 athletes ranked 1-8 participating in this study.
They participated in the 100-meter butterfly swimming
competition at four Olympics: the 2008 Beijing Olympics,
the 2012 London Olympics, the 2016 Rio Olympics, and the
2021 Tokyo Olympics.

Study design

The data source in this study uses secondary data where
all travel time results, such as speed of 100 meters, every 50
meters, and RT, is taken from the website (www.fina.org,
2022) This study did not use the consent form as a sample
because the data taken is secondary data validated through
the official website for every Olympics.

Statistical analysis

Descriptive statistics are presented as mean and
standard deviation. Data normality was performed using
the Kolmogorov-Smirnov test. For comparing data between
Olympiads, one-way multi-comparison ANOVA was used
to verify the interaction between the different Olympiads’
reaction time (RT) and final time (FT). To see the effect of
RT with FT using one-way linear regression. The adopted
significance level is p <0,05. All analyzes were performed
using statistics for the Social Sciences software (SPSS Inc.,
Chicago, IL, USA).

Results

Fig. 1 describes the two normally distributed data with
a probability value of more than 0.05. Furthermore, the
respective averages of the reaction time for each Olympic
event for both male and female athletes were stated to be
different from the sig. < than 0.05 (Table 1).

Table 2 describes the average first and second ST
achievements of swimmers at the Olympics in the 100-meter
butterfly for both men and women. It can be seen in table 3
that the best first and second splits were during the Tokyo
Olympics (men’s 23.763/26.882 seconds and women’s
26.255/29.886 seconds)

Table 1. Profile of the 8 Best Swimmers at Each Olympic Event

Rank  Sex Beijing age  Height London age  Height Rio age  Height Tokyo age Height

2008 (Years) (cm) 2012 (Years) (cm) 2016 (Years) (cm) 2021  (Years) (cm)

) Pa MP 23 193 MP 27 193 JS 21 184 CD 24 191

Pi LT 23 167 DV 24 185 SS 22 182 MM 21 169

Pa MC 24 197 CLC 20 189 MP 31 193 KM 21 190

2 Pi CM 22 185 LY 23 175 PO 16 186 YZ 23 176

Pa AL 21 186 YK 29 197 Ct 24 189 NP 20 192

’ Pi JS 21 170 AC 24 176 DV 28 185 EM 27 180

Pa 1C 25 193 MC 28 197 LC 30 188 AM 19 187

¢ Pi 7Y 24 SS 18 182 YL 27 175 TH 18 173
Pa JD 21 183 SD 25 186 ZL 17 183 M 20

> Pi TL 18 160 IB 22 170 RK 16 170 LH 24 187
Pa TF 23 184 A4 24 1SO MM 24 191 MT 22

o Pi JL 18 171 JO 24 178 EM 22 180 MW 24 180

Pa AS 25 188 ™ 24 180 TS 25 193 LCM 25 183

/ Pi GS 19 166 CD 23 170 JO 28 178 SS 27 182
3 Pa RP 26 196 KC 23 195 AS 19 M 18

Pi ID 22 183 EG 20 170 XC 18 178 AS 18 182
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Fig. 1. Average RT 100 meters butterfly at each Olympics

Table 2. Details of Mean ST Records in the Four Olympics
Men’s and Women’s Athletes

= Male Female

57,70
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Fig. 2. The average travel time of 100 meters butterfly at each
Olympics

Table 4. The results Olympics on the 100-meter butterfly event

Subset for alpha = 0,05

Split Time 1st Split Time 2nd
Olympic ax Mean Mean

(second) S (second) S
Male
Beijing 2008 8 23911 0.340 27.319 0.456
London 2012 8 24.077 0.299 27.545 0.517
Rio 2016 8 24.058 0.199 27.218 0.344
Tokyo 2021 8 23.763 0.377 26.882 0.444
Female
Beijing 2008 8 27.123 0.428 30.661 0.366
London 2012 8 26.602 0.250 30.402 0.518
Rio 2016 8 26.421 0.319 30.208 0.496
Tokyo 2021 8 26.255 0.384 29.886 0.437

Table 3. Details of ST Records in the Four Men’s Athlete
Olympiads

Uji statistic ~ Olympiad N 1 2
(second) (second)
Male
Tokyo 2021 8 50.65
Beijing 2008 8 51.23 51.23
Tukey HSD Rio 2016 8 51.28 51.28
London 2012 8 51.68
Sig. 0.078
Female
Tokyo 2021 8 56.14
Rio 2016 8 57.05 57.05
Tukey HSD London 2012 8 57.10 57.10
Beijing 2008 8 57.70
Sig. 0.111

No Split Time N Normality F Sig
Male
1 Split Time 1* ” 0.536 1.764 0.177
2 Split Time 2" 0.547 3.061 0.044
Female
1 Split Time 1* 3 0.007 1.190 0.331
2 Split Time 2" 0.007 1.080 0.374

Table 3 describes only ST in male athletes normally
distributed with a probability value of more than 0.05.
Furthermore, only the second ST of the male athlete was
stated to be different from sig. < than 0.05.

Fig. 2 explains that both data are normally distributed
with a probability value of more than 0.05. Furthermore, the
average travel time for each Olympic event in the 100-meter
butterfly for both male and female athletes is stated to be
different from the sig. < than 0.05.

Table 4 explains that in the 4 Olympics held in the
100-meter butterfly event, only the London and Tokyo
Olympics had different average travel times for male athletes.
In comparison, the female athletes at the Beijing 2008 and
Tokyo 2021 Olympics had other has an average travel time
of 100 meters in different butterfly strokes. These two groups
show that the Tokyo 2021 Olympics is the best organizer on
the average travel time indicator for the 100-meter butterfly.

Table 5. The similarity of Average Reaction Time in the
Swimming Olympics Number 100 Butterfly Stroke

Subset for alpha = 0,05

Uji statistic Kejuaraan N
1 (m/s) 2 (m/s)

Male

Tokyo 2021 8 0.632

Rio 2016 8 0.68 0.68
Tukey HSD  London 2012 8 0.70

Beijing 2008 8 0.73

Sig. 0.128 0.069
Female

Tokyo 2021 8 0.67

London 2012 8 0.71 0.71
Tukey HSD  Rio 2016 8 0.73 0.73

Beijing 2008 8 0.76

Sig. 0.135
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Table 6. The effect of ST, RT on FT in all Olympic events

R Square F Sig.

Male

ST 1*tvs FT Male 0.328 14.657 0.001
ST 2" vs FT Male 0.713 74.565 0.000
RT vs FT (Male) 0.160 2.389 0.023
Female

ST 1%t vs FT Female 0.996 7806.906 0.000
ST 2" vs FT Female 0.997 10973.351 0.000
RT vs FT (Female) 0.876 2.215 0.000

Table 7. Effect of RT on First ST

R Square F Sig.

Male and Female

RT vs Split 1+ 0.712 153.013 0.000

Table 5 explains that the reaction time for the men’s
swimmers in the 2008 Beijing 2008, London 2012 and Tokyo
2021 Olympics was significantly different. The reaction time
for the 2021 Tokyo Olympics is the fastest reaction time from
the 2 previous Olympics. For female athletes, the difference
in reaction time only occurred in the 2008 Beijing and 2021
Tokyo Olympics.

Table 6 explains that the two indicators, ST and RT,
influence the achievement of FT in the 100-meter butterfly
stroke.

Table 7 explains that the RT ability of male and female
swimmers has an effect of 0.712 (51%) on achieving the first
50 meters in the 100 meters butterfly event.

Discussion

This study aims to provide benchmarks and standards in
the development of swimming sports training, especially in
the 100-meter butterfly stroke. This analysis is based on the
two categories of ST and RT in swimmers who entered the
final round at the Olympics from 2008 to 2021.

The findings in this study are that the ST travel time in
the last 50 meters has differences in each Olympics. This
is in accordance with the results of research (Robertson et
al., 2009), which found that ST management will affect the
achievement of travel time at the end of the race. The last ST
50 meters is a critical travel time for swimmers. Inall Olympic
events, there is a slowdown in the stroke. This causes a delay
in the ST travel time due to physiological limitations of the
body in supporting performance to increase speed in the last
50 meters (Morais, Barbosa, et al., 2019; Tucker et al., 2006).

The first ST speed is caused by optimal starting support,
where starting ability is also supported by high leg muscle
strength (Keiner et al., 2021; Thng et al., 2020). Furthermore,
the body's physiological ability to maximize the energy
released will also help optimize performance in maximizing
all swimming movements (Barbosa et al., 2008; Nordsborg
et al., 2014). Breaststroke and butterfly stroke have a higher
energy expenditure value than freestyle and backstroke
(Barbosa et al., 2006; Strzata et al., 2012, 2017).

This study also found that RT (RT) in every Olympics,
both male and female, had different travel times. This
difference indicates that every coach and athlete has set the
same strategy for improving their performance when starting
a swimming competition. RT achievements also relate to
the final performance of swimming athletes (Everett, 2015;
Lima, 2016; Seifert et al., 2011).

Previousresearch stated that final travel time was strongly
influenced by net swimming speed, shot reaction time at the
start, stroke frequency and stroke length (Markovic et al.,
2014). This speed of reaction is also supported by the athlete's
ability to start (Cuenca-Fernandez et al., 2015; Marinho et
al., 2021). Support for the quality of athletic starts is also an
indicator of promoting an athlete's swimming performance
(Garcia-Hermoso et al., 2013). These facts suggest that
coaches should apply all the kinematic elements of the
training season and try to identify optimal swimming speed
(ratio of stroke speed to long stroke) for swimmers (Vasic et
al,, 2021).

This study also found that RT influenced the target
travel time at the first ST. This study found that RT can affect
the first ST by 50%. This is the same as several studies which
state that optimal RT will provide a path to the swimmer's
shot timing policy (da Silva et al., 2019). However, other
variables also affect it, such as the force applied to the block,
low resistance when entering the water, underwater slides
and underwater propulsion (Bishop et al., 2013; Potdevin et
al.,, 2011; Rebutini et al., 2016).

Viewed in this study, it can be interpreted that from
the Beijing Olympics (2008) to the Tokyo Olympics, there
has been a change in the reaction time performance policy
strategy. The findings from this study show RT affects the
attack time of the 100-meter butterfly stroke, so RT here will
positively impact swimmer speed (Draheim et al., 2019).

RT itself is influenced by the athlete's ability to capture
start instructions in audiovisual form. In sports, an athlete's
swimming ability in receiving stimuli from the committee's
instructions also determines how fast the RT gets; most of
these stimuli are in the form of audiovisual. Like runners,
swimmers are very good at capturing audiovisual stimuli,
which will later be continued in the form of RT (Nuri et al.,
2013).

Conclusions

This study concludes that the implementation of each
Olympics in swimming in the 100-meter butterfly event
has a different average of FT and RT in each event. Every
performance of FT and RT shows changes that are getting
faster in both. Furthermore, there is the influence of RT on
the desire for FT; although this effect is minimal, it strongly
impacts the willingness of the first ST.
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AHANI3 3APEECTPOBAHUX MOKA3HUKIB YACY PEAKLUII,
MPOMI?KHOTIO YACY TA KIHLLIEBOI'O HYACY CITOPTCMEHIB-
NAABLIB HA OJIIMNIACbKUX ITPAX 2008-2021 PP.

Bbaro Aryn IIpamono'*5¢P, €r1i Centbsini Mycrap'4?¢, Cpi Cymaprininicix**®¢, Imam
Mapcyni'®®, Aryc XapiaaTo'®?, Myxammap Acpyn Cigix'®, I [leBa Mapge Apsananpga Kycyma

1BD
'Cypabaiicbkuii lep>kaBHUI YHIBepCUTET
*CeMapaHICbKIII Iep>KaBHUI YHIBEepCUTET

ABTOpCHKNMIT BRI A — au3aiis gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komtis

Pedepar. Crarrsi: 7 c., 7 Tabi., 2 puc., 39 mxeper.

Merta pocmifykeHHA. MeToI0 LIbOTO OCTI/KEHH € OLliHKa Ta aHajIi3 3apeeCcTPOBAaHUX IOKA3HUKIB KiHI[€BOIO Yacy (K9),
npombxaoro yacy (ITH) ra gacy peaxuii (UP) rwraBuis 6atep¢isiem Ha aycraniii 100 MeTpiB y 4OTUPBOX OMIMITIICHKIX 3MaraH-
HAX i3 MeTol0 3a6e3Ie4eHHs KOHTPO/IbHIX ITIOKA3HMKIB i CTaHAAPTIB /I PO3BUTKY HaBYaHHS IIABAHHSL.

Marepianu Ta MeTomu. Lle [OCTipKeHHA TOERHYE B cOOi KibKicHMII i AKicHMII migxonu. Y oMY JOCTiI)KeHH] BUKOPUCTOBY-
BasM BUOIPKY 3 32 CIIOPTCMEHIB 3 IepIiIoi 110 BOCbMY KaTeropii, siki 3Maramics Ha gucraniii 100 metpis 6arepdiisieM Ha 4OTUPbOX
Onimmiiicbkux irpax: Onimmiazni 2008 poky B Ilexini, Onimmiazni 2012 poky B Jlongoni, Onimniazni 2016 poky B Pio-ge->Kaneiipo
ta Onimmiazi 2021 poky B Tokio. Y gociKeHHI BUKOPUCTOBYIOTh BTOPMHHI [JaHi, ¥ SIKUX yci 4acOBi pe3y/IbTaTu OfiepXKaHi 3 Be6-
caiiry (http://www.fina.org). ¥ 1iboMy BOCIi/PKeHH] I CTATUCTUYHOTO aHasIi3y BUKOPMCTOBYBA/IM OIMCOBY CTATUCTUKY Cepefl-
HBOT'O Ta CTAHJAPTHOTO BijxuneHHA. [I/11 BUSHAUYEHHs HOPMAIbHOCTI JaHUX BUKOPUCTOBYBamu TecT Konmmoroposa-CMupHOBa.
Il NOpiBHAHHA JaHMX MDK O/iMIiailaMyl BUKOPUCTOBYBa/IN OFHO(DAKTOPHMII JYCIIePCiIHNIT aHali3 i3 KpUTepieM MHO>KMHHOTO
HOPiBHAHHS, 11106 HepeBipuTyu B3aemopito Mk UP, ITH ta KY na onimmiagax. [l BusHadens BrymBy UP ta I[T4 na KY Bukopuc-
TOBYBa/IM OGHO(AKTOPHY JIiHINHY perpeciio 3 piBHeM 3HauymocTi p<0,05 sk cTangapToM. [l1s1 BCix aHaIi3iB BUKOPUCTOBYBA/IN
I13 SPSS Inc., Yuxaro, Inninoiic, CIIA.

Pesynpraru. Byno BctanoBeHo, mo 1Y ta UP BrnBaroTs Ha gocsirHeHHst K4 Ha 100-meTpoBiit gucranuii 6arepdisiem, a
YP mae BB Ha piBHi 0,712 (51%), i1 mIaBLiB i 9010Bi40i, i XiHOYOI cTaTi, Ha JOCATHEHHA IIOTO Yacy 3a Hepiui 50 MeTpiB.

BucHoBKU. BUCHOBOK TOJIATaE B TOMY, IO SIK CIOPTCMEHM, TaK i TpeHepy MOBMHHI ONTUMi3yBaTy HOCATHEHHS IOKA3HMKIB
YP Ta IIY y nnaBaHHi Ha KOPOTKi AUCTaH1lii, OCKINbKY Iji 1Ba MMOKa3HMUKM BiflirpaloTh BUpillIaZbHY POJb y JOCATHEHH] yacy 3a-
TaJIbHOTO PYyXY IUIABIIiB Ha KOPOTKi AVMCTaHIIil.

KnrodoBi cnoBa: yac peaxkiiii, KiHLIeBUII Yac, MPOMDKHUIL Yac, IIaBaHHA.

351



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 3

Information about the authors:

Pramono, Bayu Agung: bayupramono@unesa.ac.id; https://orcid.org/0000-0002-9308-1289; Department of Sport Coaching
Education, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.

Mustar, Yetty Septiani: yettymustar@unesa.ac.id; https://orcid.org/0000-0003-0079-3795; Department of Health Education
and Recreation, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213,
Indonesia.

Sumartiningsih, Sri: sri.sumartiningsih@mail.unnes.ac.id; https://orcid.org/0000-0002-3971-5092; Department of Sports
Science, Universitas Negeri Semarang, Sekaran, Kec. Gn. Pati, Kota Semarang, Jawa Tengah 50229, Indonesia.

Marsudi, Imam: imammarsudi@unesa.ac.id; https://orcid.org/0000-0002-1230-1746; Sport Coaching Education, Faculty of
Sport Science, Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213,
Indonesia

Hariyanto, Agus: agushariyanto@unesa.ac.id; https://orcid.org/0000-0002-7927-8827; Department of Sport Coaching Education,
Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia

Sidik, Muhammad Asrul: muhammadsidik@unesa.ac.id; https://orcid.org/0009-0004-4282-1007; Department of Sport
Coaching Education, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213,
Indonesia

Kusuma, I Dewa Made Aryananda Wijaya: dewawijaya@unesa.ac.id; https://orcid.org/0000-0002-4939-7294; Department of
Sport Coaching Education, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur
60213, Indonesia

Cite this article as: Pramono, B.A., Mustar, Y.S., Sumartiningsih, S., Marsudi, I., Hariyanto, A., Sidik, M.A., Kusuma, I D.M.A.W.
(2023). Analysis of Reaction Time, Split Time and Final Time Swimming Athletes in the Olympic Games on 2008-2021. Physical
Education Theory and Methodology, 23(3), 346-352. https://doi.org/10.17309/tmfv.2023.3.05

Received: 12.01.2023. Accepted: 09.05.2023. Published: 30.06.2023

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0).

352



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $pi3MYHOro BMXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

ORIGINAL SCIENTIFIC ARTICLE

DIFFERENCES IN ANTHROPOMETRIC CHARACTERISTICS OF YOUTH
IN FOOTBALL BETWEEN ELITE AND NON-ELITE PLAYERS

Nagip Lenjani'AB“PE, Artan R. Kryeziu'APE, Astrit Iseni***“"* and Georgi Georgiev

'"UBT - Higher Education Institution
*University of Tetovo
3Ss. Cyril and Methodius University in Skopje

3ABCDE

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Artan Kryeziu, E-mail: artan.kryeziu@ubt-uni.net

Accepted for Publication: May 9, 2023
Published: June 30, 2023

DOI: 10.17309/tmfv.2023.3.06

Abstract

Study purpose. This paper is about the differences in anthropometric characteristics between elite and non-elite
youth football players in the Republic of Kosovo. Therefore, our current study aims to compare the differences in
anthropometric characteristics between elite and non-elite youth players. The test was conducted with 132 young

football players aged 14+0.5 years.

Materials and methods. The sample was divided into two groups, namely 66 young players playing in the elite
league and 66 young players playing in the non-elite league. The sample of variables consisted of 10 anthropometric
measurements. The results of the measurements were analyzed using statistical procedures characterized by

descriptive parameters and analysis of variance (ANOVA).

Results. The results show that the elite league players have higher values in height and body mass compared to the
non-elite league players. It should be noted that the length of the left leg is also higher in the elite league players, while
the waist circumference is higher in the non-elite league players. As for knee diameter, the values are identical in

both groups. Subcutaneous adipose tissue is more pronounced in the non-elite group than in the elite league players.
According to the analysis of variance (ANOVA), significant differences were presented only in the three variables
such as the subcutaneous adipose tissue of the back, triceps and suprailiac between the elite and non-elite groups

at the level (p<0.05), while no differences were presented in other variables. That is, between the elite and non-elite

groups.

Conclusions. In summary, the elite league players had better values in the anthropometric characteristics compared

to the non-elite league players.

Keywords: anthropometry, differences, football, elite, non-elite.

Introduction

Football is the most popular and widely played sport
in the world in recent decades, and a body of research has
focused primarily on examining the factors that influence a
player’s performance (Reillyetal.,2000; Brocherieetal.,2014).
Anthropometric characteristics are important indicators
and have the potential to influence the success of football
players (Norton & Olds, 1996). A review of the literature has
shown that body size, body mass and body fat percentage
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are among the important anthropometric characteristics
that are related to performance (Norton & Olds 1996). Body
mass and height, body mass index and subcutaneous fat are
the most studied anthropometric measures. However, there
is a need to better study the anthropometric characteristics
of players, including diameter and girth (Cavia et al., 1999).
Elite youth players are taller and heavier than their non-
elite league peers and perform significantly better physically
(Rebelo et al., 2013; Lenjani et al., 2018).

The aim of this work is to determine the anthropometric
characteristics of young players playing in the elite and non-
elite leagues of the Republic of Kosovo. Thus, the main
objective of this study is first to determine the normative
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values of anthropometric parameters for young players of
this age. Therefore, the results of this research can provide
useful information for experts in this field of sport. First,
we assume that there will be significant differences in the
anthropometric variables between the elite and non-elite
group of soccer players. Second, we assume that reference
values have been presented in favor of the anthropometric
variables in elite league players.

Materials and methods

Study participants

This study was designed to investigate the differences
in anthropometric characteristics in youth soccer between
elite and non-elite players. The sample of participants
included 132 teste, mainly young elite and non-elite players
from the Republic of Kosovo. Young players aged (14 years
+ 6) months were tested. For the purpose of the study and
comparison, the players were divided into two groups: 1. the
first group includes (N=66), young players playing in the
elite league; and 2. the second group includes (N=66), young
players playing in the non-elite league. All measurements
with the players of the two groups were performed under the
same conditions in a closed hall with a room at a temperature
of 24°C. The measurements were taken in the morning
hours from 9:00-11:00. The players wore light clothing
consisting mainly of a T-shirt and sports shorts. All players
tested at this age were clinically healthy and had no visible
physical defects, as evidenced by their sealed notebooks at
medical examination. Therefore, all subjects in this study
were treated and assessed in accordance with the ethical
standards of the Declaration of Helsinki. The entire study
includes all players whose parents consented to participate
in this research. Players were informed in advance of the
protocols to be followed during the experiment.

Table 1. Characteristics of the participants (Mean + Std.
Dev.)

Elite (N=66) Non-elite (N=66)

Characteristics

MeantStd.Dev.  MeantStd.Dev.
AGE 14.3 14.4
AVIS 155.42+10.90 152.50£9.38
ATTM 45.69+10.37 45.31+£11.39
ABMI 18.61+2.22 19.24+3.22
Test protocol

Length parameters, body height was measured with a
stadiometer with an accuracy of up to 1 cm (SECA Ger-
many), while leg length was measured with a short Martini
anthropometer (Eurofit 1988). Body weight is estimated in
light clothing and without trainers with an accuracy of up to
0.1 kg (Tanita BC530).

Body mass index (BMI) is a value derived from a
person’s mass (weight) and height. BMI is defined as body
mass divided by the square of height and is expressed in the
unit kg/m?, which is derived from mass in kilograms and
height in metres (BMI 1995).

Knee joint diameter-is measured from behind by placing
the ends of the pelvimeter on both epicondyles of the knee

and compressing the soft tissues. The result is read with an
accuracy of 0.1 cm (Eurofit, 1988).

The subcutaneous adipose tissue on the back of the
scapula, the subcutaneous adipose tissue on the lower part
of the calf, the subcutaneous adipose tissue on the triceps of
the upper arm and the subcutaneous adipose tissue on the
suprailiac part were measured using calipers for measuring
subcutaneous adipose tissue according to standard proce-
dures (Lohman et al., 1988).

Statistical analysis

For each variable, descriptive statistics were calculated
for the arithmetic mean (Mean) and standard deviation
(Std.Dev). Through the analysis of variance (ANOVA) was
applied for independent variables between the elite and non-
elite league group at the value level < 0.005. Classification
and testing of differences between these two groups of
football players was carried out. Furthermore, in this case,
the analysis of the data processing was carried out using the
statistical software SPSS for Windows version 22.0.

Results

Table number 2 shows the results of the table of
anthropometric variables among the group of elite and
non-elite football players, so the data for each result will
be presented separately in the presented table. Elite
league players have higher height and body mass values
compared to non-elite league players. It should be noted
that left leg length is also higher in elite league players, while
waist circumference is higher in non-elite league players.
Regarding knee diameter, the values are identical in both
groups. Subcutaneous adipose tissue is more pronounced in
the non-elite group than in the elite league players.

Table 2. Basic indicators and differences between the elite
and non-elite football groups in anthropometric variables

. n-eli
dicator,  Hite (N=66) lj;zg 6;e ANOVA
Mean+Std.Dev. Mean+Std.Dev. F P
VIS 155.42+10.90 152.50+9.38 2.723  0.101
DLN 94.23+7.07 92.73+7.91 1.510 0.221
ONK 44.61+£4.24 45.23+4.70 0.632 0.428
TTM 45.69+10.37 4531+11.39 0.041 0.839
BMI 18.61+2.22 19.24+3.22 1.669 0.199
DZK 9.74+0.78 9.74+0.89 0.000 0.992
KNG 6.68+3.87 9.02+6.25 6.648 0.011
KNP 14.70+4.65 16.38+6.07 3.182  0.077
KNNT 8.324+4.35 10.5945.15 7.496  0.007
KNS 8.64+6.18 12.14+8.11 7.780  0.006

While according to the analysis of variance (ANOVA)
we have significant differences between the groups are
presented in elite and non-elite, the variable subcutaneous
adipose tissue in the back has shown differences with a value
of .011, the other variable subcutaneous adipose tissue of the
triceps has shown a difference with a value of .007 and the
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suprailiac subcutaneous adipose tissue variable with a value
of .006. Meanwhile, the system of variables between elite
and non-elite groups did not present significant differences
between the groups.

Discussion

The focus of this paper is on the differences in anthro-
pometric characteristics between elite and non-elite football
players. First, we will compare our results between elite and
non-elite youth football players, while we will then analyse
and compare our results with those of other authors. We will
present the differences in anthropometric characteristics be-
tween elite and non-elite football players and how they com-
pare. The main results of our study on youth anthropometric
characteristics in elite and non-elite football players will be
analysed. Elite league players have shown higher values in
height compared to non-elite league players, and elite league
players also have a larger body mass. Body mass index (BMI)
is higher in non-elite league players than in elite league play-
ers, and the values of players in both leagues are within the
normal range. The length of the left leg is also higher in elite
league players, while the waist circumference is higher in
non-elite league players. As for knee diameter, the values are
identical in both groups of players. Subcutaneous adipose
tissue is more pronounced in the non-elite group than in the
elite league players. As the research of Portuguese players
of this age divided into elite and non-elite groups, also the
players we tested height and body mass have shown dif-
ferences between elite and non-elite league players (Rebelo
et al,, 2013). In fact, height has been cited as an important
criterion in the selection of football players (Carling et al.,
2009; Coelho et al., 2010, Gil et al., 2010), while thigh, calf
and upper arm circumference are measures needed to dis-
tinguish professional athletes from the general population as
well as from non-professional athletes (Fragoso et al., 2015).
In this context, Le Gall et al. (2010), assessed several anthro-
pometric variables in young football players and showed that
top international athletes had above-average scores from the
age of 14 years. Furthermore, Matkovic et al. (2003) found
that height plays a crucial role in the selection of young foot-
ball players, with tall players being preferred (Fragoso et al.,
2015). When we compare the players of the Pristina, Trepca
and Besa teams with our players tested in the elite and non-
elite leagues, we see that we have approximate values in the
indicators of subcutaneous adipose tissue (Gardasevic et al.,
2020). If we compare for comparison elite league players
from Macedonia have shown higher results in body mass,
height and body mass index (Gontarev et al., 2016), while
Greek players have shown approximate values (Michaili-
dis et al., 2022), while games from Italy have shown lower
values in these three anthropometric indicators (Rinaldo et
al., 2021). Elite and non-elite games have significant values
in the corats, like the players we took for the research (Bid-
aurrazaga-Letona et al., 2016). Also, in terms of height and
body mass, elite and non-elite league players have shown sig-
nificant differences among themselves (Nughes et al., 2020).
In our study, elite or select league players were on average
taller than their non-elite league counterparts (Nughes et al.,
2020). This is consistent with previous research showing that
adult players reaching higher levels of play were on average,
with significant differences from non-elite league players in

height and body mass (Le Gall et al., 2010). Based on the re-
search of the authors Grendstad et al. (2019), in body height,
elite players have shown better values than non-elite players,
while in elite body mass, they have shown lower values, but
if we compare with the players we have taken for studies,
we see that the body height is the same as the study of the
top author noted in the group of the elite league and the
non-elite league. Subcutaneous adipose tissue in the back
of the subscapula in the elite players that we took for stud-
ies showed a value of 6.68 mm while the players of a study
showed a value of 8.5 mm, it should also be noted that in the
triceps the difference was 0.42 in favors of our elite players. It
should also be emphasized that the suprailiac in the players
we have treated for studies have a higher value compared to
other elite players (Bernal-Orozco et al., 2020). In this case,
it should be emphasized that the subcutaneous adipose tis-
sue was more pronounced in the elite players that we treated,
than in those players that we did not have for the purpose of
the experiment-study.

Conslusions

This study-research has examined the anthropometric
characteristics of football players, in which differences
between elite and non-elite players have been highlighted.
Anthropometric characteristics body height, left leg length,
waist circumference, body mass, body mass index, knee joint
diameter was higher in the players of the elite group than
in the non-elite group. In contrast, players of the non-elite
group showed greater values in subcutaneous adipose tissue
indicators. According to the analysis of variance (ANOVA),
significant differences were presented only in the three
variables such as the subcutaneous adipose tissue of the back,
triceps and suprailiac between the elite and non-elite groups
at the level (p<0.05), while no differences were presented in
other variables. Thatis, between the eliteand non-elite groups.
These findings of this study provide reference values for elite
league players that can help coaches improve performance
and identify young elite players to make the most of a career
in the game of football. To reach a final conclusion, this study
highlights that elite and non-elite league players can improve
their anthropometric characteristics and results based on the
level of competition they have attended.
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BIAMIHHOCTI B AHTPONMOMETPUYHUX XAPAKTEPUCTUKAX
monoaly oyteoJil MiXK ENITHAMU TA HEENITHAMU TrPABLUAMUA

Harin JIenpsani'A*“P%, Apran P. Kpie3iy'**P%, Actpit Iceni’***“P, Teopri leopries**BcPE

'YBT - Bumunit HaBYa/ibHUIT 3aK/Ia

*TeToBCcbKnMit yHiBepcuTeT

*Kupuno-MedoniiBcbknit yHiBepcuteT B CKorr'e

ABTOpCHKNMIT BKIAJ: A — au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E - 36ip komrtis

Pedepar. Crarst: 5 c., 2 Tabi., 24 pxepera.

Mera gocnifykeHna. Y 1iii CTaTTi fifleThCsA IPO BiIMiHHOCTi B aHTPONOMETPUYHUX XaPaKTEPUCTUKAX MK €liTHUMM Ta He-
eniTHUMY I0HaKamu-GyT6omicTamu B Pecy6rini KocoBo. TakuM 4nMHOM, METOI0 HAIIIOTO IIOTOYHOTO JOCTIKEHHSI € ITOPIBHIHH
BiZIMiHHOCTEJl B aHTPOIOMETPUYHMX XapaKTepUCTUKAX MK eTiTHUMU Ta HeeJITHUMMU IOHMMU IpaBUAMMU. TecT IpoBOAMBCA 32
y4acTio 132 1oHux ¢pyTbomicri Bikom 14+0,5 poky.

Marepianmu Ta Metomu. Bubipky 6yno pospgizeHo Ha #Bi Tpymy, a came: 66 MOMOAMX IPABIIB, AKi IPAIOTh B eTITHIN Jisi,
i 66 MOMIOAUX TPABIIIB, AKi IPAIOThb B HeeiTHIl /1isi. Bubipka 3aMiHHUX ckIafanacs 3 10 aHTPOIIOMeTPUYHMX BUMipIOBaHb. Pesyb-
TaTy BUMIPIOBaHDb aHAJIi3yBa/M 3a JOIOMOIOI0 CTATUCTUYHMX NPOLERYP, [0 XapaKTePU3YIOThCs ONMCOBUMY TIapaMeTpaMM, Ta
aucrniepciitHoro aHamizy (ANOVA).

PesynpraTm. PesynbraTy MoKasyoTb, 0 IpaBli €/IiTHOI JIirM MaloTh BUII IIOKa3HUKY 3POCTY Ta MacH Ti/la IOPiBHAHO 3 IPaB-
LAMM HeeliTHOI tiru. CTif 3a3HaYNUTH, 110 JOBKIMHA JTiBOI HOTU TAKOXK Oi/IbIla Y TPaBIiB €/IiTHOI /IirK, a OKPY>KHICTb Tasil Oiblia
y rpaBuiB HeenmitHOI 1iru. I1Jo crocyeTbes fiameTpa KoiHa, TO 3Ha4YeHHsI B 060X rpymax ogHakosi. [TigmkipHa )KupoBa KT TKOBMHA
6i/1bII BUpaXKeHa B HEENTITHIN IPyI, HDK y rpaBLiB eniTHOI irn. BigmosifHo o pesynbrariB ancnepciiinoro ananisy (ANOVA),
CTaTMCTUYHO 3HAUYYII BifMIHHOCTI MDX eTiTHOIO Ta HEeiTHOI Ipylamu Oy MpefcTaB/ieH] ile B TPhOX 3MIHHMX, TAKUX SIK
HifKipHa >KMpoBa KIiTKOBMHA CIMHM, TPULEICa Ta IpeOHs Kiny6oBoi KicTku, Ha piBHi (p<0,05), ToAi K B iHIINX 3MIHHMX Bij-
MiHHOCTel1 He 6y10. To6TO MiXK €IiTHOIO Ta HeeliTHOIO IPYIIaMIL.

BucnoBku. TakuM umHOM, TPaBlli €TiTHOI JIirM Majy Kpauli 3HaUYeHHA aHTPOIOMETPUYHMX XapPAKT€PUCTUK MOPIBHAHO 3
IpaBIIsAIMM HeeJIiTHOI JIirn.

Knrovosi cnoBa: anTponoMeTpis, BifMiHHOCTI, (l)yT60H, eJIiITHUN, HeeTi THNIA.
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Abstract

The purpose of this study was to develop an instrument to identify movements and produce recommendations for
children who are predicted to be able to develop in badminton.

Materials and methods. The kind of this research is research and development consisting of (1) the Preliminary
study stage, (2) the Expert validation stage, (3) the Acceptance test stage, and (4) the benefit test stage. The validation
stage is carried out by three experts with assessment indicators of suitability, accuracy, convenience, and practicality.
The acceptance test phase was obtained from the application of the instrument to the participants. The benefits test
stage was determined by a retest test to determine the reliability of the instrument. Participants in the product trial
consisted of two groups, namely the male group with 17 participants and the female group with 17 participants.

The age of the participants was 6-7 years old. They were elementary school students who were in grade 2. Statistical
analysis used a test-retest.

Results. The results show that the validation from badminton experts gives an assessment with a presentation of 97%
in the very good category, the validation of talent identification experts is 98% in the very good category, and the
validation from the coach is 97% in the very good category. For the acceptance test, 4 children (24%) in the first test

were recommended, and 5 children (29%) in the second test were recommended. For girls, 2 children (12%) in the
first test were recommended, and 3 children (18%) in the second test were recommended. For the reliability test, it
was obtained 0.97 in the very strong category for boys and 0.91 in the very strong category for girls.

Conclusions. This instrument has been proven valid and reliable and can provide recommendations. The existence of
this instrument can facilitate sports teachers and badminton coaches in identifying children's movements.

Keywords: development, kinesthetic movement, children, badminton.

Introduction

Indonesia is a reference in the development of world
badminton to produce classy athletes. There have been
many badminton athletes who were born and have proud
achievements in international events and in the Olympic
class. This success is certainly not born by itself but has a
long journey. Starting from finding superior seeds in their
respective regional clubs throughout Indonesia to forging
talent by conducting training camps (Bradley et al., 2013).
In finding the badminton trainee candidate, of course, based
on the focus on inclusion (Bennie, 2021). Focusing on many
factors, the point is that growth and maturity are the best
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concepts in understanding the identification, selection, and
development of young athletes (Gongalves et al., 2012).
In Indonesia to join the training camp, the athlete must
pass a screening system, including regional selection for
the province and national selection for the national level.
However, this is done after the trainees have acquired the
skills from the existing clubs. From this information, there
is an empty in method to capture the kinesthetic movement
abilities of participants at the children’s level, so that this
void becomes the problem that arise in badminton clubs in
Indonesia.

The problems are very diverse, including the difficulty
of the trainer in delivering the training program due to the
ability of the trained children to absorb the training programs
is different (Lorio et al., 2020). This difficulty was identified
from the results of interviews that have been carried out that
children’s abilities are different in accepting and applying
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the given training program. The trainer explained that the
program that provided to the trainees was a program that
was developed when they received the license of level 1
trainer from the Badminton World Federation (BWF). The
essence of the problem is that the trainers do not yet know
the level of ability of the trainees so the ability to accept the
training program is different. What is the impact of all this?
1) The children who are less able to follow the instruction in
training programs will feel bored with badminton training,
2) The children who have talent will be a problem if these
talents cannot be found and maximized. 3) If these talents
are not channeled with a good program, they will become
underachievers, namely people whose achievements are
below their maximum ability. Therefore, the trainer also
acts as a facilitator in determining children who have good
kinesthetic movement skills (Sepdanius et al., 2018). The
results of this identification are recommended in the sport
of badminton.

Talent is not only based on intelligence but also accom-
panied by willingness and productive performance (Bailey,
2017). To realize this giftedness, appropriate interventions
are needed, namely interventions in differentiated programs
(Mann et al,, 2017). This differentiation program which is
the embodiment of sports achievement needs to be prepared
from the stage of the children’s age (Komaini et al., 2022).
Starting from the maturation of multilateral movements, de-
termining the right sporting tendencies and training pro-
grams that are in accordance with the child’s growth and
development, greatly determine the achievements of athletes
at the golden age (Fischetti & Greco, 2017). However, there
are still many other factors that determine the success of chil-
dren in the future to achieve achievements, namely intelli-
gence, psychological and external factors such as derivatives
from parents or environmental influences (Tod, 2014). The
involvement of children in sports participation is another
factor in creating outstanding athletes in the future (Kriz,
2020). This involvement forms social relationships that af-
fect the child’s self-perception, achievement orientation, and
motivated behavior patterns.

Several studies have proven that there are three
categories in predicting a persons talent, namely cognitive/
psychological abilities, physical profiles, and previous
performance/experiences (Johnston et al., 2018). Of the
three, it was identified that there is considerable variability
related to the criteria that can be seen from the criteria for
tasks, rules, activities, and motor skills required in different
sports (Gongalves et al., 2012; Ozmen & Aydogmus, 2017).
The importance of selecting talented athletes is done to
predict the performance of athletes who are able to carry out
training activities for a long time and are continuous. Conny
Semiawan states that there are two key clues in observing
and interpreting giftedness: 1) Giftedness is a special and
external universal trait that is inborn and is the result of
the interaction of environmental influences, 2) Giftedness
is also determined by the needs and tendencies of the
culture in which it belongs (Vater et al., 2017). Multi-faceted
conceptualizations of talent are interpreted as: 1) Innate (i.e.,
derived from biological elements present at birth), 2) Multi-
dimensional (i.e., consisting of capacities from a broad
range of cognitive, physical, and psychological categories),
3) Emergency (i.e. involving interactions among factors that
are multiplicatively coupled), 4) Dynamic (i.e., evolve across

developmental time due to interactions with the environment
and random gene expression), and 5) Symbiotic (i.e., cultural
and social factors will determine the highest scores of
individual talents) (Baker etal.,2019). Therefore, physical and
physiological growth and development in sports giftedness is
closely related to sports performance (Pearson et al., 2006).
Physical and physiological development can be improved
over time with exercise (Chuckravanen et al., 2019). Then to
support physical performance and skills when the process
is running, it is determined by kinesthetic, psychological,
genetic and environmental intelligence (Syvdoja et al., 2021).
These four indicators are very important to know in making it
easier for prospective athletes to accept and apply the training
program obtained so as to reduce the athlete’s boredom and
frustration in participating in strenuous training (Mason
& Burn, 2023). Kinesthetic intelligence is closely related
to a person’s ability to develop movements so that they
display movements that have maximum performance with
different beauty from others (Kogak, 2019). There are five
basic movements that need to be present to develop good
kinesthetic movements, namely body coordination, agility,
strength, balance, and eye coordination (Komaini et al.,
2022). These five basic movements are interrelated with one
another to produce efficient and effective movements. Just as
agility is the result of a combination of speed, coordination,
flexibility, and strength shown in badminton games (Bompa
& Buzzichelli, 2015).

Materials and Methods

Study design

This kind of this research is research and development
theory from Borg and Gall which has been modified into
four major stages, namely (1) preliminary study stage,
(2) expert validation stage, (3) acceptance test stage, and
(4) benefit test stage. The validation stage was carried
out by three experts, namely an expert in badminton, an
expert in identifying sports talent, and a badminton coach.
These experts assess the indicators of suitability, accuracy,
convenience, and practicality. Five-scale assessment was
used with each item and each indicator having 5 questions
for the expert validation stage.

This instrument was directly applied to the participants
for the acceptance test phase. Then the data obtained is
converted to a scale of five except on the balance test. For
balance, it must have a value of 2 from the implementation
of dynamic balance for forward and backward movements
(forward and backward). There are five tests in the Table:
1) Shuttlecock throw test; 2) Test catch shuttlecock; 3) Agility
test (seconds); 4) Test bouncing ball (amount); 5) Balance
test walking the block (forward and backward).

Table 1 above is the result of development which is
arranged based on the classification of data using the interval
class of values obtained. Except for the balance test, it is only
determined based on being able or unable. The maximum
total score that may be obtained by participants is twenty-two
(22). However, what is included in the recommendation is a
large value equal to 18 (= 18). At the trial stage, participants
were asked to do the test twice. Then the first data and the
second data were tested using the retest method to see the
reliability of the instrument.
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Table 1. Assessment scale for badminton talent identification instrument for children.

Items Male female Score Items Male female Score
1) Shuttlecock Throw Test 5.7 4.1 1 3) Agility Test (seconds) 10.3 11.63 1
(meters) 5860 42-47 2 95-102 11.05-11.62 2
6.1-6.3 4.8-53 3 8.7-9.4 10.47-11.04 3
6.4-6.6 5.4-5.9 4 7.9-8.6 9.89-10.46 4
6.7 6 5 7,8 9.88 5
2) Test Catch Shuttlecock 1 1 1 4) Test Bouncing ball (amount) 10 8 1
(Quantity) 2 2 2 11-14 9-12 2
3 3 3 15-18 13-16 3
4 4 4 17-22 17-20 4
5 5 5 23 20 5
0 0 0 5) Balance Test walking the block ~ Capable Capable 1
(forward and backward) Not Not 0
Participant Statistical Analysis

Participants in the product trial in this study consisted
of two groups, namely the male group was 17 participants
and the female group was 17 participants. The average age
of participants is 6-7 years old elementary school students
who are in grade 2. The reason for taking participants
at this age is that participants have begun to be given an
introduction to sports (Hastie et al., 2009) we examined the
development of skill competence and tactical knowledge of
41 eighth-grade students (mean age 13.6 years. In addition,
the school where the research was carried out had approved
the implementation of the research in order to collect data.

Product Design

The product is designed based on kinesthetic motion,
namely strength, body coordination, agility, eye coordina-
tion, and balance. Strength is represented by throwing the
shuttlecock, body coordination is represented by catching
the shuttlecock, agility is represented by agility movements,
eye coordination is represented by bouncing the ball, and
balance is represented by walking blocks.

Recomended

Not
Recomended

Fig. 1. The series of implementation of the kinesthetic motion test
instrument for badminton
Source: Image from researcher Endang Sepdanius’ private
collection

The expert validation stage uses data analysis techniques
using the percentage of expert research results. For the
acceptance test stage, descriptive analysis of the percentage
of data obtained from the use of the instrument with the
output is a recommendation for the value of the participants
who have a large value equal to 18. For the usefulness test,
see the results of the reliability of the instrument with the
retest test

Results

Product

There are five items resulting from this development
according to the kinesthetic motion for badminton, namely
1) throwing the shuttlecock, 2) catching the shuttlecock,
3) agility, 4) bouncing the ball, and 5) walking the block.
The following shows the product and its implementation in
Figure 1.

Figure 1 describes the sequence of implementation
of the kinesthetic movement identification instrument
starting from throwing the shuttlecock, then catching the
shuttlecock, agility, bouncing the ball and walking the block.
After the implementation, the value of the child’s kinesthetic
movement ability is then classified and processed to get a
recommendation or not. This instrument is a battery test
so it must be done sequentially. There are no rules for rest
periods between test items. For the implementation and
equipment needed can be seen in table 2.

Expert Validation

The following shows the validation results by badminton
experts, expert in identifying sports talent and badminton
coaches shown in table 3.

In table 3 it can be seen that the validators gave an
assessment of which 97% of badminton experts were
included in the very good category, expert in identifying
sports talent rated 98% as very good and the coach assessed
97% in the very good category.
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Table 2. Kinesthetic movement instrument product for badminton for children aged 6-7 years

Name Equipment Implementation
Throw a. Shuttlecock weighing 4.74- a. Testee stands in a circle to prepare to throw the Shuttlecock
shuttlecock 5.50 gram b. Testee throws Shuttlecock as far as possible
b. Shuttlecock speed should be 75-79 c. Testee’s throw is measured
c. 4cones d. The throw is made 3 times
d. Meter e. 'The throw taken is the farthest throw
Catch a. Shuttlecock weighing 4.74- a. The tester is in the shuttlecock throwing position
shuttlecock 5.50 gram b. Testee is in a catch position
b. Shuttlecock speed should be 75-79 c. The tester throws the shuttlecock at the testee with a parabolic throw
c. 4 small cones d. Tester catches shuttlecock with two hands
e. 5 shuttlecocks are thrown
f.  The points that are counted are the shuttlecocks caught
Agility a. 4 large cones a. Place four cones at a distance of 2 meters from each cone as shown in
Stopwatch Figure C.
c. whistle b. Testee getting ready in starting position on Cone A
c. The testee starts running quickly towards cone B and then surrounds, returns
to cone A then goes to cone C around, returns to cone A and goes to cone D
around then finishes at cone A.
d. It was done in 2 trials and the fastest time was taken
Bouncing Ball a. 4 small cones a. The ball is in the strongest hand (right/left)
b. Tennis ball b. The ball is reflected to the floor and then caught by the opposite hand.
c. stopwatch c. When caught by the opposite hand, it is counted as one.
d. Done in 30 seconds.
Walking the  a. Two block boards with a length of a. The testee is in the starting position, on the signal forward the participant
Blocke 3 meters. The first board is 6 cm starts walking on the first available block.
wide and the second board is 11~ b. 'The assessment is carried out if the participant performs well without
cm wide dropping one of the leg then it is considered “capable”. If you drop one of
1 large cone your leg, it is considered “incapable”. Participants must complete until the
c. 4 small cones finish
c. To retreat, participants start at the start and then do it backwards until they
finish
d. The assessment is carried out if the participant does well without dropping

one leg then it is considered “Able”, if dropping one leg it is considered

“incapable”. Participants must complete until the finish

Table 3. Questionnaire scores for the validity of kinesthetic
movement by expert

Indicator Expert
Badminton Talent Trainer

Suitability 25 24 25
Accuracy 24 24 25
Convenience 25 25 24
Practicality 23 25 23
Amount 97 98 97
Percentage 97% 98% 97%
Eligibility Level = Very good Very good Very good
Descriptive Data

Descriptive data obtained from participants using gifted
instruments in kinesthetic movements are shown in table 4
for boys and table 5 for girls.

Based on table 4 the results of the kinesthetic movement
test for boys, it was found that 4 children (24%) were given
recommendations on the first test and 5 (29%) children were
given recommendations on test 2.

Based on table 5 the results of the implementation of
kinesthetic movement testing in girls, it was found that
2 children (12%) were given recommendations for the first
test and 3 children (18%) were given recommendations for
the second test.

Reliability

To determine the reliability of the instrument, a retest
test was carried out to obtain the results as shown in table 6.
Based on table 6, the instrument reliability for boys
was 0.97 in the “very strong” category, while the instrument
reliability value for girls was 0.91 in the “very strong” category.

Discussion

The success of movement in badminton can be identi-
fied from the beginning of growth (Werkiani et al., 2012).
Children with good kinesthetic movement intelligence are
expected to be able to undergo training programs in bad-
minton well (Wang, 2021; Zubir et al., 2022). Children with
good kinesthetic movements are able to receive the coach’s
instructions to be applied in the movement of sports (Hastie
et al., 2009). Kinesthetic movements that lead to badminton
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Table 4. Kinesthetic movement for boys on Test 1 and Test 2

Test 1 Test 2
Classification
Frequency Percentage Information Frequency Percentage Information
18 4 24% Recommendation 5 29% Recommendation
17 13 76% Not 12 71% Not
Total 17 100% 17 100%
Table 5. Kinesthetic movement for girls on Test 1 and Test 2
Test 1 Test 2
Classification
Frequency Percentage Information Frequency Percentage Information
18 2 12% Recommendation 3 18% Recommendation
17 15 88% Not 14 82% Not
Total 17 100% 17 100%

include throwing, jumping, catching, body balance when
stepping forward and backward, and body coordination
(Nugroho et al., 2021). These movements if done properly
and the use of appropriate sports equipment can reduce the
risk of injury (Hong et al., 2014). Badminton is identical to
hitting the shuttle using a racket. With a good hitting tech-
nique, it has an impact on the accuracy of the stroke and the
speed of the shuttlecock (Zhu, 2013). The phase in hitting
using a racket is the same as someone throwing a throw,
which requires flexibility and power (Tohidin et al., 2021).
By identifying the child’s ability to throw well, it becomes the
basis for seeing good muscle activation for children (Sakura
& Ohtsuki, 2000). With this identification, it is hoped that
children will be able to apply good hitting techniques while
in the training process. Furthermore, children with the abil-
ity to catch objects that are above their heads are the ability
to coordinate their bodies to prepare themselves to catch an
object (Junaid & Fellowes, 2006). The accuracy of the body
in capturing this object is a benchmark that in carrying out
manipulation movements using a racket, children are able to
hit the shuttlecock well. The ability to catch is not only plac-
ing the hands but also involves placing the body position at
the right time which involves the coordination of all bodies
to get the degree of capture (Davids et al., 2000).

Agility is also important in badminton, changing direc-
tions in the shortest possible time is the hallmark of badmin-
ton (Ooi et al., 2009; Tohidin et al., 2021). A person is forced
to move the body as quickly as possible in various directions
in the shortest possible time so that the body position when
hitting the shuttlecock is in a ready state (Mohammadi &

Table 6. Analysis of the test retest for boys and girls

Male Female
Test 1 Test 2 Test 1 Test 2

Min 4 7 7 11
Max 19 19 19 20
Average 12.8 13.6 14.55556 15.72222
Standard Deviation =~ 4.89973  4.256483 2.955 2.270153
Variant 24.78333 17.98333  8.732026 5.153595
Reliability 0.97 0.91

Fathi, 2018). The effectiveness of movement in moving de-
termines the formation of badminton players on single or
double courts (Alcock & Cable, 2009). In this movement for
agility, participants must be in a balanced condition. Good
balance is a picture of the body’s physiology, both nerves
and muscle abilities and other physical factors (De Oliveira
et al,, 2019). The ability of nerves to process information
to keep the body in a balanced state is individualistic and
not everyone has and is able to apply it well (Hrysomallis,
2011). Although this balance can be obtained through physi-
cal exercise, it is also determined by confounding factors and
maturation of children and individuals (De Oliveira et al.,
2019). By detecting a good balance as early as possible, we
can predict children who are able to carry out motion assign-
ments in badminton training well.

Conclusions

The identification of kinetic motion in children makes
it possible to recommend children to engage in sports. This
identification is carried out to determine the child’s basic
movement ability to be adapted to the basic movement in
certain sports. The dominant movements in badminton
include throwing, jumping, catching, body balance when
stepping forward and backward, and body coordination.
Based on the badminton movement, an instrument was
developed to identify the basic movements that have been
proven to be valid and reliable. The instrument consists of
five activities, namely throwing the shuttlecock, catching the
shuttlecock, agility, bouncing the ball, and walking blocks.
This instrument is an answer to the current problems found
by coaches in badminton clubs in identifying children’s
abilities. The existence of this kinesthetic movement
identification instrument can make it easier for sports
teachers and badminton coaches to identify children and
provide recommendations. The next research is to develop
instruments from the psychological aspect for badminton
for children aged 6-7 years.
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PO3POBKA IHCTPYMEHTIB BUSHAYEHHA
KIHECTETUYHUX PYXIB AJ14a BAAMIHTOHY

Enpan Cenpaniyc'B°PE, Myxamap Caserni Pipki'®*“PE, Augpi lemaiini

'TTagaHrCbKUI fep>KaBHUI YHIBEpCUTET

11BCD

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C - craraHanis; D — migroroska pykormucy; E — 36ip kowrtis

Pedepar. Crarts: 5 c., 2 Tab1., 24 mKepert.

Merta 1bOro AOCHIKEHHA II0/IATa/Ia B TOMY, 1106 PO3POOMTI IHCTPYMEHT JI BM3HAYCHHA PyXiB i HaJlaHHA peKOMeHalil
WA AiTeit, AKi, 3a IPOrHO3aMM, 3MOXKYTb IOCATTH YCIiXiB y 6agMiHTOHI.
Marepiamu Ta MeTopu. Lle OCTiPKeHHA HAJIKUTD 10 TUITY JOCTIKEeHHA Ta po3poOK, sAKe BK/I0Yae (1) eTall momnepegHb0ro

TOCIiKeHH s, (2) eTal eKcriepTHOI OL[iHKY, (3) eTall puitMaIbHOrO BUIIpOOyBaHH:A Ta (4) etamn nepesipku nepesar. Etamn orinkn
IIPOBOJATD TPU €KCIIEPTH 32 TIOKA3HMKAMM OLIIHKM IIPUAATHOCTI, TOYHOCTI, 3PyYHOCTI Ta MPaKTUYHOCTI. ETar npnitManbHOro Bu-
npoOyBaHHA MaB MiClie IiC/IA 3aCTOCYBAaHH: iHCTPYMeHTY [0 yuacHuMKiB. ETan nepesipku nepesar 0yB 3yMOBJICHNIT IIOBTOPHNUM
TECTOM JI/ISl BY3HAYeHHA Ha/liIHOCTi iHCTpyMeHTY. YYacHMKY BUIIPOOYBaHH:A NPOYKTY CK/IA/Ja/IACA 3 JBOX I'PYII, @ CaMe: YO0/IOBi-
4ol rpym i3 17 yyacHMKiB i >xiHowoi rpymu i3 17 yyacHuiib. Bik yqacHukiB craHOBUB 6-7 pokiB. Ie 6yu y4Hi HOYaTKOBOI KON,
AKi HaBYa/IuCA B 2 Kaci. /11 CTaTUCTUYHOrO aHajlisy BUKOPUCTOBYBA/IM TECTYBAHHSA 3 IOBTOPHMUM TECTYBAHHAM.

PesynbraTu. PesynbraTi I0KasyoTh, 110 OL[iHKA Bifl eKCIIepTiB i3 6agMiHTOHY /ja€ OLIHKY 3 IIpefcTaBlIeHHsIM 97% y KaTeropii
«Iy>xe BoOpe», OIiHKa eKCIIePTiB i3 BU3HAYEHHA Ta/IAHTIB CTAaHOBUTD 98% Y KaTeropil «y»xe 06pe», a OLliHKa Biff TpeHepa CTaHO-
BUTb 97% y KaTeropii «aysxxe gobpe». [Ijist mpuitManabHOro BUIPOOYBaHHs Oy/10 peKoMeHI0BaHO 4 fiteit (24%) y mepiiomy Tecti
Ta 5 piteit (29%) y npyromy recti. [na giBdar 6yno pexomeHgosaHo 2 mireit (12%) y nepiomy tecti ta 3 miteii (18%) y apyromy
tecti. [ Bunpo6yBaHHs Ha HafiiHICTb 6y10 oTprumaHo 0,97 y KaTeropii «gy»e crifikmit» mst xromnis i 0,91 y kareropii «aysxe
CTIiVIKMII» [/ HiBYaT.

BucnoBku. Leit iHCTpyMeHT MiATBepAyB eeKTUBHICTD i HATIHICTD i MOXKe 3abe3neuyBary pekoMeHpanii. HaaBHicTh 1iboro
iHCTpYMEHTY MOKe JOIIOMOI'TH BUMTe/IAM (Bi3MYHOTO BUXOBAHHsA Ta TPeHepaM i3 6aiMiHTOHY BU3HAYaTH PyXM HiTell.

KirouoBi cmoBa: po3po6xa, KiHeCTeTUYHIIT PYX, AiTH, 6aAMiHTOH.
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Abstract

The study purpose was to analyze the effective form of physical exercise in improving cardiovascular health in obese

individuals.

Materials and methods. Twenty-four (24) obese adolescents, aged 20-24 years, who met the criteria were selected
as participants. The participants were divided into 3 groups, namely the control, the strength training, and the
endurance training, with 8 participants in each group. Strength training was done with Machine Fitness, while
endurance training used a Treadmill. Exercise was done with moderate intensity, for 35 minutes, the frequency of
exercise was 3x/week, for 1 month. Heart rate and blood pressure, as parameters of heart health, were measured
before and after treatment. Data analysis used the One-way ANOVA test with a significance level of 5%.

Results. The results showed that there was a significant difference in cardiovascular health between endurance and

strength training (p < 0.05).

Conclusions. Based on the study results, it was shown that endurance training is a potential physiological modulator

to improve cardiovascular health in obese women.

Keywords: cardiovascular health, physical exercise, obesity, blood pressure.

Introduction

Obesity is a very complex health problem (Chen et al.,
2021), and is an independent factor, increasing the risk of
heart disease, type 2 diabetes mellitus, and other diseases
(Jamka et al., 2021). It was found that an increase in obesity
was directly proportional to an increase in heart disease
(Amaral, 2014), and in overweight individuals have twice the
probability of developing heart disease, in obese individuals
the probability rate can reach 10 times that of individuals
with normal weight (Pinckard et al., 2019). However, in
modern society heart disease is still considered the most
common health condition (Machado et al., 2021), with its
main contribution to high blood pressure (Schroeder et al.,
2019), which has the highest prevalence rate (Shim & Kim,
2017). Data shows that high blood pressure reaches 29% and

© Sugiharto, Merawati, D., Pranoto, A., Winarno, M. E., Asim,
Susanto, H., & Taufiq, A., 2023.
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is predicted to continue to increase, as well as being the main
risk of death (Schroeder et al., 2019). It is estimated that 25%
of deaths each year are due to heart disease (Jamka et al,,
2021), and the prevalence rate increases to 31% deaths every
year (Brandio et al., 2022). Therefore, heart disease can be
a major risk factor for increased mortality and morbidity
(Pinckard et al., 2019).

Obesity is a significant contributor to an increase in heart
disease, especially high blood pressure (Tayagi et al., 2020),
myocardial infarction, (Almutawa et al., 2020) and coronary
artery disease, (Machado et al., 2021), is also a major risk
factor for death (Schroeder et al., 2019). Pharmacological
approach (Zimmer etal.,2019) and an eating behavior change
approach using diet in combination with medication (Shim
& Kim, 2017). It has been used to treat heart disease and
cardiovascular health. However, other experts stated that the
approach with drugs (pharmacology) in the long term is still
consideredlessthanideal (Almutawaetal.,2020). Meanwhile,
other experts stated that the approach with physical exercise
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was more appropriate and physiological to improve heart
health in the long term (Ramos et al., 2019) and physical
exercise is also considered an effective codulation not only
for heart health, but also for improving cardiac performance
(Durrani & Fatima, 2015). Physical exercise, is a modulation
associated with the level of energy expenditure, decreased
fat mass and increased skeletal muscle mass as well as heart
muscle (Saeidi et al., 2022; Rejeki et al., 2021).

Physical exercise is very beneficial, not only for heart
health but also for general health, which is believed to be an
effective non-drug method of lowering and replacing drug
doses (Shim & Kim, 2017), thereby so as to reduce and pre-
vent non-communicable diseases including improving heart
health (Thirupathi et al., 2021). Previous research has shown
that regular physical exercise increases high-density lipopro-
tein (HDL), controls insulin resistance, reduces risk factors
for heart disease and reduces the incidence of death (Oh et al.,
2016). Physical exercise also improves weight management,
preventing excessive increases in blood pressure over time
(Durrani & Fatima, 2015). Adaptation response to physical
exercise depends on: frequency, intensity, time, and form of
exercise (Saeidi et al., 2022). Previous research suggests that
forms of endurance training and strength training can be an
alternative in reducing obesity and improving heart health,
although resistance training is still considered more effective
in improving heart health than strength training (Schroeder
et al,, 2019). Strength training is thought to have little effect
on improving heart health (Shim & Kim, 2017). In contrast,
endurance training for reducing the risk of heart disease and
increasing parasympathetic activity (Gréssler et al., 2021).
However, the analysis of the effectiveness of power training
and strength training on cardiac performance has not been
widely reported. The form of endurance training is still un-
clear in terms of intensity and duration, compared to strength
training which will also increase muscle mass and cause mus-
cle hypertrophy (Machado et al., 2021). Therefore, this study
aims to analyze the adaptive response of strength training and
endurance training as a physiological modulator in improv-
ing cardiovascular health in obese adolescent womens.

Materials and Methods

Study participants

This study is an experimental study that aims to
analyze differences in strength and endurance training as a
physiological modulator of improving cardiovascular health
in obese adolescent girls. This study involved 24 obese
adolescents, female gender, age 20-24 years, body mass
index (BMI) 27-35 kg/m? normal oxygen saturation (SpO,).
Participants were divided into 3 groups: control, strength
training, and endurance training. The division of groups
was done randomly, each group of 8 participants. Prior to
the study all participants were given an explanation of the
research problem and procedure, both written and verbal.
All participants, both verbally and in writing, expressed their
willingness. Likewise, participants also received an explanation
of the physical exercise procedures during treatment.

This study was approved by the ethics committee of the
institution and conducted in accordance with the guidelines
of the Helsinki Declaration. Informed consent was obtained
from all participants.

Study design

Warming up and cooling down, with static and dynam-
ic stretching and running on a treadmill. Light intensity is
used for heating and cooling. Each group started at 06.00-
10.00 A.M., at the same time on different days. Strength
training is done by lifting moderate intensity weights, for
35 minutes. Exercises are performed at intervals, 12 repeti-
tions, 6 sets, with active rest between sets for 30 seconds.
While endurance training was done by means of participants
running on a treadmill for 35 minutes continuously, with
moderate-intensity (60-70% HRmax). Exercise is done 3x/
week for 4 weeks. Heart rate monitored using Polar H10.
Physical exercise intervention will be temporarily stopped
if physical signs are found, shortness of breath, sharply in-
creased heart rate, dizziness and pale face.

Measurement of heart health using parameters of
systolic and diastolic blood pressure and resting heart rate.
Measurement of heart health was carried out before exercise
and 4 weeks after the last exercise, while measurements of
height and weight were carried out before exercise. Blood
pressure was measured using an OMRON digital blood
pressure meter.

Statistical analysis

Data analysis used the one-way ANOVA, which was
followed by the Tukey’s Honestly Significant Deference
(HSD) post-hoc test, with a significant level of 5%.

Results

Characteristics of research participants, based on the
results of descriptive statistical analysis in each group are
presented in Table 1 below.

Based on the analysis of participant characteristics:
resting heart rate, normal systolic and diastolic blood
pressure (Table 1). The characteristics of the participants did
not show any significant difference (p 20.05). Therefore, if
there is a difference in heart health, which in this study used
blood pressure and heart rate parameters after exercise, it
can be believed to be the effect of the intervention given for
4 weeks. The results of the analysis of physical exercise as
a modulator of cardiovascular health, in reducing systolic
blood pressure in each group (Figure 1).

Physical exercise as a modulator of cardiovascular health
in reducing systolic blood pressure between before exercise

150
3 Pretest

I Posttest
100+

SBP (mmHg)
n
<

0 T T T
CG STG ETG
Fig. 1. Analysis of systolic blood pressure between pretest and
posttest in the three groups
Description: SBP: Systolic blood pressure.

(*) Significant vs. Pretest (p < 0.001)
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Table 1. Analysis of the characteristics of research participants

Parameter CG STG ETG p-value
Age, years 21.88+1.46 21.63+1.41 22.25+1.28 0.667
BH, m 1.57+0.07 1.58+0.05 1.55+0.06 0.786
BW, kg 74.37+12.32 73.63+6.78 71.41+6.07 0.588
BMLI, kg/m? 29.67+4.25 29.46+2.98 29.78+3.27 0.983
SBP, mmHg 120.13+6.29 120.25+4.33 120.63+2.67 0.976
DBP, mmHg 82.25+6.27 82.50+5.73 84.38+7.89 0.788
RHR, bpm 80.25+3.49 81.13+4.02 80.63+8.98 0.958
SpO,, % 97.50+1.19 97.63+1.18 98.13+1.13 0.538

Description: CG: Control group; STG: Strength training group; ETG: Endurance training group. p-value obtained by using One-way
ANOVA test. Data are shown with mean + SD. BH: Body height; BW: Body weight; BMI: Body mass index; SBP: Systolic blood
pressure; DBP: Diastolic blood pressure; RHR: Resting heart rate; SpO,: Oxygen saturation.

100- * . & Preest 1007 * " D3 Pretest
s0d L T EE Posttest 80 L m W Posttest
% 60- E 60
20- 20+
R oG " R STG ETG
Fig. 2. Analysis of diastolic blood pressure between Fig. 3. Analysis of resting heart rate between
pretest and posttest in the three groups pretest vs. posttest in the three groups
Description: DBP: Diastolic blood pressure. Description: RHR: Resting heart rate.
(*) Significant vs. Pretest (p < 0.001) (*) Significant vs. Pretest (p < 0.001)
Table 2. Analysis of cardiovascular health pretest and posttest
Parameter CG STG ETG p-value
Systolic Blood Pressure (mmHg)
Pretest 120.63+5.88 120.38+3.11 120.75+3.69 0.985
Posttest 121.13+5.94 117.63+2.56 115.00+3.96* 0.035
Delta 0.50+0.33 -2.75%£1.04** -5.75£1.75%*# 0.000
Diastolic Blood Pressure (mmHg)
Pretest 82.38+6.44 84.50+7.71 82.37+5.01 0.754
Posttest 83.25+6.04 81.13+8.24 75.00+4.17* 0.045
Delta 0.88+1.25 -3.37£1.19** -7.38£1.92%*# 0.000
Resting Heart Rate (bpm)
Pretest 80.50+3.02 81.13%8.11 81.38+3.70 0.947
Posttest 81.38+2.77 77.50+7.75 74.38+3.50 0.042
Delta 0.88+0.61 -3.63+£1.41** -7.00£1.31%*# 0.000

Description: *Significant vs. CG (p < 0.05); **Significant vs. CG (p < 0.001); #Significant vs. STG (p < 0.001).

and after exercise in the control group did not show any
significant difference (p = 0.05). However, in the treatment
group there was a significant difference in systolic blood
pressure in both strength training and endurance training
(p < 0.001). Systolic blood pressure was lower after exercise
than before exercise in both the strength training and

endurance training groups (Figure 1 and Table 2). Further
analysis of changes in diastolic blood pressure before and
after treatment in each group in Figure 2.

The data analysis of diastolic blood pressure in the
control group between before and after treatment there was
no significant difference (p = 0.05). There was a significant
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difference in diastolic blood pressure between before and
after exercise in the strength training and endurance training
groups (p < 0.001). The study also showed that diastolic
blood pressure after treatment was lower than before exercise
(Figure 2 and Table 2). Analysis of physical exercise as a
modulator of decreasing resting heart rate before and after
treatment in each group (Figure 3).

Analysis of resting heart rate before treatment and after
treatment in the control group, did not show a significant
difference (p 2 0.05) (Figure 3 Table 2), but there was a
significant difference in resting heart rate pretest and posttest
in the strength training and exercise groups. endurance
(p £ 0.001). Our data show that resting heart rate is lower,
after strength training and endurance training, than before
treatment (Figure 3 and Table 2). One-way ANOVA analysis
of the decrease in blood pressure (systolic and diastolic) and
resting heart rate before treatment showed no significant
difference (p = 0.05) (Table 2).

Discussion

The results of this study prove that physical exercise
is done properly and regularly, a very important factor
for maintaining heart health and fighting various diseases
(Souissi etal., 2020). Physical exercise, as the basis for lifestyle
change interventions in preventing as heart disease (Rejeki
et al,, 2021; Andarianto et al., 2022; Rejeki et al., 2021). The
findings of this study prove that moderate-intensity exercise,
frequency 3x/week for 4 weeks, improves cardiovascular
health in obese adolescent female participants (Table 2). The
improvement in heart health can be seen from the decrease
in systolic blood pressure, diastolic and resting heart rate
after strength training and endurance training (Figure 1-3,
Table 2). Several previous studies, which are similar to this
study, also found that individuals who limit their passive
and active lifestyle to physical exercise have normal blood
pressure, stable body weight (Durrani & Fatima, 2015),
higher cardiac output, blood pressure, lower resting heart
rate, higher insulin sensitivity, better plasma lipoprotein
profile than someone who is physically inactive (Nystoriak
& Bhatnagar, 2018). Research identical to this study also
found a decrease in blood pressure and resting heart rate
after doing an endurance training program and strength
training 3x/week, (Jamka etal., 2021). Research with walking
intervention and crossfit exercise on participants in the age
group 14 - 38 years, significantly lowers blood pressure
(Almutawa et al., 2020), also found stronger heart muscle,
decreased sympathetic nerve activity and decreased resting
heart rate < 60 bpm in marathon runners (Oh et al., 2016).
Durrani’s research involving 701 participants, children aged
12-16 years, found a relationship between physical activity
and blood pressure (Durrani & Fatima, 2015). In another
study, someone who did regular physical exercise found
a decrease of 20 mmHg in systolic blood pressure and 11
mmHg in diastole (Kui et al., 2022). In addition, physical
exercise was found to cardiac morphological changes that
will cause aortic diameter widening accompanied by left
ventricular fibrosis, improve oxidative profile and metabolic
health (Dupuy et al., 2022).

The improvement in cardiovascular health is the effect
of exercise adaptation in increasing the promoting increased
vasodilation through relaxation of vascular smooth muscle

cells. Given this effect, it is important to decrease the
activity of Endothelial Nitric Oxide Synthase (eNOS), which
contributes to blood pressure (Ramos et al., 2019). Resting
heart rate and blood pressure were lower than the control
group and before exercise, this shows that exercise is able
to modulate changes in the heart system, both in form and
function, thereby improving cardiovascular health. Exercise
is believed to be a modulation of changes in heart size, as
a result of increasing left and right ventricular cavities and
increasing the thickness of the heart muscle wall and cardiac
septum. Endurance training is believed to be beneficial
exercise to improve heart function, such as decreasing heart
rate. The heart rate is estimated to decrease by 10-15 bpm,
that the individual is able to work hard efliciently (Pinckard
etal., 2019).

Our study findings also show that heart rate and blood
pressure are lower in endurance training than in strength
training. Endurance training in general increases the
oxidative ability to meet oxidative demands, the heart will
contract and relax, cardiomyocytes and increase the strength
of heart contraction, which is more optimal than strength
training. The rate of contraction and relaxation requires
increased adaptation of the cardiomyocyte contractile
system, which is associated with an increase and the rate
of intracellular Ca2+ release. Coordination between
Ca2+ mediated Ca2+ type L channels and activation of
the ryanodine receptor (RyR). This causes an increase in
Ca2+ ion sensitivity, resulting in greater force and speed of
contraction after exercise (Nystoriak & Bhatnagar, 2018).
A decrease in blood pressure and heart rate is a complex
event, many factors influence it, an increase in peripheral
vascular resistance and autonomic nervous activity is the
most important mechanism (Oh et al., 2016).

Improved heart health is strongly suspected to be the
effect of endurance exercise, as a modulator of changes in fat
mass (Shim & Kim, 2017). Therefore, endurance training is
described as the optimal form for reducing the risk of heart
disease and increasing parasympathetic activity (Gréssler et
al., 2021). Previous studies have also reported that endurance
training induces greater improvements in cardiorespiratory
fitness and cardio-metabolic variables (Schroeder et al.,
2019), decreased acute stress reactivity and decreased heart
rate and heart rate variability compared to the control
group (Arvidson et al., 2020). Strength training also has a
modulating effect on cardiac performance, although not
as high as resistance training. Strength training, affects the
increase in the strength of heart muscle contraction, heart
muscle endurance, and reduces damage to the inner walls of
blood vessels, to improve blood vessel function (Shim & Kim,
2017). Strength of heart muscle contraction, is the impact of
strength training that causes cardiac muscle hypertrophy,
skeletal muscle hypertrophy. Hypertrophy causes an increase
in stronger contractions and a more complete emptying
process in systole, with greater stroke volume and cardiac
output (Schroeder et al., 2019). Therefore, both forms of
exercise in this study are beneficial for the obese group, in
addition to improving cardiovascular health, this exercise
is also believed to initiate an increase in muscle mass and
decrease fat mass in obesity (Sugiharto et al., 2022; Sugiharto
et al., 2021; Sugiharto et al., 2022).

The findings of this study provide a starting point
for understanding exercise as a modulator of improved
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cardiovascular health, and provide a solid foundation for
understanding that well-organized exercise causes response
and adaptation. Response and adaptation to exercise not
only change shape, but also function in all body systems, not
only the heart. Although exercise modulation for 4 weeks,
in improving heart health may not be optimal. However,
training for 4 weeks is the beginning of the adaptation
process to the exercise program, as described in the
general adaptation of the body. But this research also has
limitations, among others the study participants only used
one group of obese adolescent girls, on heart health, this
study has not measured the parameters of changes in body
fat, muscle mass and changes in the endothelium associated
with heart health. In addition, they have not been able to
tully control the physical activities carried out, outside the
exercise program that has been set for 4 weeks. Perhaps the
results of this study cannot be generalized to all age groups
and genders. However, the findings of this study still have
significance in developing the science of exercise physiology,
by providing substantial data and information, and opening
up opportunities for further research.

Conclusion

Overall, it was concluded that endurance and strength
exercise moderate intensity, for four weeks improved
cardiovascular health, by decreasing blood pressure and
resting heart rate. However, endurance training lowers
resting blood pressure and heart rate more than strength
training, therefore endurance training can be recommended
as a modulator to improve cardiovascular health in obesity.
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Abstract

Study purpose. The understanding of a performance profile in field sports using global positioning systems provides
crucial data for the development of athletes in each position. In order to better understand the physiological demands
placed on individual football player positions as center back, defender, midfielder, and forward during games in
terms of speed, total distance covered, and number of sprints, the data were recorded using Global Positioning
Systems technology.

Materials and methods. From 22 official games, the professional Thai national football team players were selected.
An analysis of the physiological demands placed on Thai national football team players in terms of speed, total
distance traveled, number of sprints, and maximum speed measured was carried out. The analysis data were obtained
through 22 matches with four player positions (center back, defender, midfielder, and forward).

Results. The distance indicator in the individual position of a forward player was significantly higher when compared
to a defender (p = 0.0006). At the high-intensity running zone, the distance covered by a forward was found to be
significantly higher when compared to any other zone. Furthermore, the sprint and maximum speed indicators in the
forward position of a professional Thai national football player were shown higher than in the center back, defender

and midfielder positions (p = 0.0001, p = 0.0001 and p = 0.0046, respectively).

Conclusions. The Thai national football team players’ performance per complete game in this study was lower than
that of foreign professional teams in terms of their total distance and high-intensity running. With the use of a
greater quantity of data and more accurate calculation techniques, coaches and training staff will be able to develop
appropriate routines to enhance the competition preparation level of the professional Thai national football team

players.

Keywords: Global Positioning System, sprint distance, max speed, zone of high-intensity running.

Introduction

An emerging trend in field sports, particularly in foot-
ball or soccer, rugby, and field hockey, is the use of global
positioning systems (GPS) to analyze performance. Match
performance and training intensity have been the main top-
ics of GPS research in women and men field sports (Schutz
& Chambaz, 1997). Reporting the distance traveled and the
amount of time spent is the need for standardized meth-
ods to determine the occurrence of high intensity running,
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sprinting maximal speed, and amount of high intensity run-
ning (Carling et al., 2012). Furthermore, GPS analysis can
help athletes in field sports build their training schedules
and monitoring procedures. The ability of GPS technology
to track player movement simultaneously among multiple
athletes is especially useful in intermittent running sports
like soccer, field hockey, and rugby, where motions like tack-
les and changes in direction occur frequently (Hodun et al.,
2016). The amount of ground traveled during a time-specific
match serves as a benchmark for expectations for running
performance; however, the stated total distance is not neces-
sarily comparable due to variations in regulation timings be-
tween sports and individual playing time as a result of substi-
tutions. Instead, relative distance or work rate (distance/time,
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expressed in m/min) is used to assess the overall match effort
of various sports and individual players (Folland et al., 2017).

Using GPS analysis to evaluate positional differences
within a sport is another important use. Forwards,
midfielders, and defenders are the standard categories for
positions in field hockey and soccer. According to one
paper on international soccer players (Hewitt et al., 2014),
midfielders cover much more ground overall than defenders
and significantly more ground at high intensities than both
defenders and forwards. At sprinting velocities (>19 km/
hr), both midfielders and forwards covered noticeably more
ground (Vescovi, 2012). In NCAA soccer, midfielders and
forwards traveled farther overall than defenders. At sprint
speeds, forwards and defenders both covered more ground
than midfielders. Midfielders were shown to cover more
ground overall than defenders in young soccer, partly because
more labor was done at speeds below the high intensity
running threshold (Vescovi & Favero, 2014). Compared to
midfielders, forwards recorded longer sprint distances and
faster peak speeds. Sports positions differ from one another
in terms of running performance markers, albeit these may
change depending on the level of competition. Soccer and
field hockey forwards sprint more frequently and faster
than other positions (Ferro et al., 2014). Due to opponent
movement, defenders might not run long total distances or
long sprint lengths. Forwards typically run less than backs,
relying more on their strength during scrums and set pieces.
In order to reflect match demands, data from GPS analysis
can be used to construct sprint training over sport-specific
distances, high intensity running and repetitive sprinting,
and aerobic training relevant to positions (Reinhardt et al.,
2019).

While GPS has been utilized in field sports on a global
scale for some time, there is little information available from
Thai national field sports such as soccer, rugby. Therefore, the
purpose of this study was to use GPS technology to explain
the physiological demands placed on the individual player
position of Rajpracha Football club during games in terms of
speed, total distance covered, and number of sprints recorded.
Additionally, a performance profile’s comprehension (taking
into account sprinting and high-intensity running attempts)
can lessen the influence of averaged data and increase the
specificity of training plans.

Materials and Methods

Study participants

Sixteen athletes from Thai national football player were
recruited in the present study. The participants were young
adults aged 18-34 years from Rajpracha FC athlete. The
calculated sample size was 16 in each group using n4studies,
at a significance level of 0.05 and power of 0.90, based on
results obtained from previous studies (Burgess et al., 2006).
All participants completed a questionnaire for demographic
data. All participants received a detailed description of the
procedure and provided written informed consent. The study
was approved by the Human Research Ethics Committee
of Walailak University (approval number: WUEC-22-286-
01). All statistics was obtained in the full game of 2021,
when the Thai national football league was completed.
The current study used a descriptive and observational

approach to describe and assess the game activity profile of
a professional Thai national football team that played in a
total of 22 matches.

Study Organization

22 official matches served as the basis for the game move-
ment study. All gamers who participated in games were in-
cluded in the study. Following matches, GPS data were down-
loaded, and the following metrics were derived: total distance,
time spent in various speed zones, top speed, number of surg-
es, and an exertion index that reflected the level of play. The
number of sprints, maximum speed, and total distance were
measured using an OH coach 10GPS/GLONASS Hz, and an
electronic performance tracking system was created to mea-
sure player performance. The K-Shirt, which is a bib intended
to keep a device inside, was utilized to hold the GPS track-
ing. The device for the athlete is now less intrusive thanks to
research into the position. The t-shirt is made of Seemless
fabric, a highly technological material that enables perfect
adherence of the same and consequently of the instruments
used, to the body, analyzing in detail the athletes’ technical
skills and avoiding the margin of error that would result from
a positioning of the devices in a manner that is not completely
adherent. Additionally, in order to avoid measurement error
between units, every player used the same unit throughout
every match. Athletes’ speed zones were divided into five cat-
egories: zone 1 (1.0 to 5.99 km/h), zone 2, 6.0 to 10.99 km/h,
zone 3, 11.0 to 15.49 km/h, zone 4, and zone 5 (>20 km/h)
(Vescovi, 2012). The distance (m) covered by each team dur-
ing each minute of play for each of the 22 games in the Thai
national football league was presented as a total for the team
encompassing the full game. Additionally, a computation of
the average sprint frequency covered by each player across
the 22 games was made.

Statistical Analysis

Mean and standard deviations (Mean + SD) are used
to represent data. One-way ANOVA was used to assess
multiple comparisons, and the Tukey multiple comparisons
test was used as a post hoc analysis. The statistical software
SPSS (SPSS version 26; IBM, Armonk, NY, USA) was used
for all statistical analyses, with statistical significance set at
P <0.05.

Results

Demographic data of player

Table 1 summarizes the demographic data of participants
enrolled in the present study. The results demonstrated
that high was significantly lower in MF and DF than CB
(P =0.0303 and 0.0040, respectively). The mean of high of
DF was shown significantly lower than FW (P = 0.0072). In
addition, weight of DF was significantly lower than FW.

Total distance of the player position

The distance and distance/min are shown in Fig 1. The
total distance in the individual of player (CB, DF, MF, FW)
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Table. 1. The demographic data of participants

Age (year) High Weight BMI %Fat
Player position
Mean + SD Mean + SD Mean + SD Mean + SD Mean * SD
Center back (n = 5) 23.80 +5.89 183.40 + 5.50 78.8 +7.45 2343+ 1.84 10.96 + 3.07
Defender (n = 5) 22.00 +2.31 169.00 + 3.46™ 65.85 + 3.52" 23.06 +0.29 9.74+1.78
Midfielder (n = 5) 26.43 +6.29 173.86 + 4.56* 70.36 £ 8.92 23.28 £2.08 10.57 + 4.33
Forward (n =5) 24.80 £ 5.26 182.40 + 6.88 81.72 +10.45 24.56 +1.82 11.51 £3.72

Note: Data are presented as mean + SD. *P < 0.05, **P < 0.01 indicates a significant difference when compared with CB. P < 0.05, 1P <
0.01 indicates significant difference when compared with FW, with one-way ANOVA (Tukey’s multiple comparison test). CB, Centre

back; DF: Defender. ME, Midfielder; FW: Forward.

15000
10000

5000

Total Distance (m)
Distance/min (m)

T o T T
FW cB DF MF FW

Player Position

cB DF MNF
Player Position

Fig. 1. Total distance of the player position, as determined by GPS
monitoring. Note: Data are present as mean + standard deviation
(SD). **P < 0.01 indicates a significant difference between FW
and DF group. ***P < 0.001 indicates a significant difference
between FW and DF group, with ANOVA (Tukey multiple
comparison test). CB, Centre back; DF: Defender. MF, Midfielder;
FW: Forward

was 7973 + 1410, 7082 + 2571, 8128.59 + 1509, 8819 + 1849
meter, respectively. Figure 1 displays the distance of FW was
significantly increased when compared to DF (P = 0.0006).
The mean values of distance/min were 84.08 + 14.25, 73.67
+ 26.02, 84.08 + 14.25, 91.22 + 18.85 meter of CB, DF,
ME, FW, respectively. The distance per min in the FW was
significantly increased when compared to DF (P = 0.0018).

Player’s distance with zone of intensity

The value shown in Table 2 and Figure 2 are divided into
Zone of intensity including low intensity Zones (1 tot 3) and
high intensity Zones (4 and 5) and represent the cumula-
tive distances covered by all players. Distance with Zones
1, DF was significantly decreased when compared to CB
(P =0.0001). Significant differences of distance were found
in MF and FW when compared to DF, (P = 0.0185 and P =
0.0045, respectively). At Zone 3, the mean of distance in FW
was significantly higher than that CB, (P = 0.0001). And the
distance in FW and was significantly higher than that DF (P
= 0.0013). Furthermore, the distance at Zone 4, which FW
was significantly higher when compared to CB, DE, MF (P
=0.0001, 0.0001, 0.001 respectively). FW in Zone 5 was sig-
nificantly higher when compared to CB, DE, MF (P = 0.0001,
0.0001, 0.002 respectively).

Sprint distance with player position

The sprint distances with player position shown in
Figure 3 are represent the sprint distance in each player
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Fig. 2 .Player’s distance with zone of intensity, as determined by
GPS monitoring. Note: Data are presented as mean + SD. ***P
< 0.0001 indicates a significant difference when compared with
the center back group. TP < 0.05, 1P < 0.01 indicates significant
difference when compared with the defender group. ##P < 0.01,
### P < 0.001 indicates significant difference when compared with
the midfielder group, with one-way ANOVA (Tukey’s multiple
comparison test). CB, Centre back; DF: Defender. MF, Midfielder;
FW: Forward

position. Sprint distance in FW was significantly higher
when compared to CB, DE, MF (P = 0.0001, P = 0.0001 and
P = 0.0046 respectively).

Max speed with player position

Figure 4 summarizes the mean max speed (km/h), we
observed that the mean max speed in DF was significantly
lower when compare to CB, FW (P = 0.0049 and P = 0.00001
respectively)
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Table. 2. Player’s distance with zone of intensity

95% CI
Zone of intensity Group Intensity P-value Lower - Upper
Defender (DF)™™ 0.0001 345.7 1279
Center back (CB) Midfielder (MF) 0.9999 -661.3 696.7
Forward (FW) 0.8701 -341.7 626.5
Zone 1 -
Midfielder (MF)* 0.0185 -1492 -97.53
Defender (DF)
Forward (FW)'" 0.0045 -1180 -160.6
Midfielder (MF) Forward (FW) 0.9681 -584.3 833.8
Defender (DF) 0.6238 -254.2 694.4
Center back (CB) Midfielder (MF) 0.9621 -560.9 818.8
Forward (FW) 0.4576 -770.2 213.5
Zone 2 -
Midfielder (MF) 0.9871 -799.6 617.4
Defender (DF)
Forward (FW) 0.0637 -1016 19.22
Midfielder (MF) Forward (FW) 0.4584 -1128 313.1
Defender (DF) 0.0755 -310.6 10.3
Center back (CB) Midfielder (MF) 0.0843 -447.7 19.12
Jone 3 Forward (FW)™ 0.0001 -570.7 2379
one Defender (DF) Midfielder (MF) 0.8987 23038 175.6
nder
clende Forward (FW)' 0.0013 4293 -79.03
Midfielder (MF) Forward (FW) 0.1829 -433.7 53.67
Defender (DF) 0.9866 -81.54 62.77
Center back (CB) Midfielder (MF) 0.1949 -185.5 24.43
Forward (FW)™" 0.0001 -317.5 -167.8
Zone 4 -
Midfielder (MF) 0.3194 -178.9 36.66
Defender (DF)
Forward (FW)™* 0.0001 -312 -154.5
Midfielder (MF) Forward (FW)## 0.0010 -271.7 -52.51
Defender (DF) 0.3359 -9.396 43.83
Center back (CB) Midfielder (MF) 0.9581 -46.2 31.23
Forward (FW)™ 0.0001 -119.3 -47.46
Zone 5 -
Midfielder (MF) 0.3721 -64.46 15.05
Defender (DF)
Forward (FW)fff 0.0001 -137.6 -63.55
Midfielder (MF) Forward (FW)** 0.0002 -122.4 -29.38

Note: Data are presented as mean + SD. ****P < 0.0001 indicates a significant difference when compared with the center back group.
1P < 0.05, 11P < 0.01 indicates significant difference when compared with the defender group. ##P < 0.01, ### P < 0.001 indicates
significant difference when compared with the midfielder group, with one-way ANOVA (Tukey’s multiple comparison test). CB,
Centre back; DF: Defender. MF, Midfielder; FW: Forward

Fig. 3. Sprint distance of the player position, as determined by
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GPS monitoring. Note: Data are present as mean + SD. *P < 0.05
indicates a significant difference between FW and MF group.

T111P < 0.0001 indicates significant difference between FW and

DF group. ####P < 0.0001 indicates significant difference between
FW and CB group, with ANOVA (Tukey multiple comparison test).

CB: Centre back; DF: Defender. ME Midfielder; FW: Forward.
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Fig. 4. Max speed with player position, as determined by GPS
monitoring. Note: Data are present as mean + SD. **P < 0.01
indicates a significant difference between CB and DF group.
t111P < 0.0001 indicates significant difference between FW

and DF group, with ANOVA (Tukey multiple comparison test).

CB: Centre back; DF: Defender. ME, Midfielder; FW: Forward.

Discussion

We used GPS monitoring to analyze the physiological

demands placed on each Rajpracha FC player position during



Nuttouch, W.,, Hemarachatanon, P, & Huntula, S. (2023). Analysis of Positional Differences in the Thai National Football Team Players’
Performance Using Global Positioning System Tracking

games in terms of speed, total distance traveled, and the
number of sprints recorded for better physical preparation
of players and knowledge for competitive performance. The
major study showed that player involvement in game events
increased with player distance traveled. The average of total
distance, which forward was shown higher than defender.
Together with distance/min also shown higher in forward.
Total sprint distance was shorter and slower for defender and
canter backs, respectively. This study’s shorter distances are
not likely the result of players being more physically fit than
they were in prior games. They are more likely the result of
methodological discrepancies or even differences in playing
style between the studies. The match’s total distance servesas a
broad indicator of its physical difficulty. The distance travelled
during a time-specific match can be used as a benchmark
for running performance expectations, but reported total
distance isn’t always comparable because to differences in
regulation timings between sports and individual playing
time as a result of substitutions. Total distance and work
rate are useful performance parameters for determining
weariness in between match periods. Although a reduction in
distance or work rate can also result from outside influences
like the result of a game, where an opponent is located,
or how a player is arranged (Hewitt et al., 2014; White &
MacFarlane, 2015). In the past, studies have shown that
elevated midfielders cover significantly more ground overall
than defenders and that midfielders cover significantly
more ground when moving quickly than either defenders
or forwards. At sprinting velocities (>19 km/hr), midfielders
and forwards covered much more ground (Hewitt et al.,
2014). In addition, it was discovered that midfielders covered
more ground overall than defenders, largely because they put
in more effort while working at slower rates. Compared to
midfielders, forwards recorded longer sprint distances and
faster peak speeds (Vescovi & Favero, 2014). Our research
revealed that Rajpracha football club athletes had comparable
outcomes to those of other international soccer teams, with
midfielders covering more ground overall than defenders but
not by a margin that was statistically distinct. Additionally,
it was discovered that forwards covered more ground in a
sprint than center backs, defenders, and midfielders. We
found that the maximum speed of the forward was much
higher than that of the center back, defender, and midfielder
(mean maximum speed, km/h).

Forward displayed considerably higher total distance in
high-intensity velocities (zone 4,5) than center back, mid-
fielder, and defense combined. Additionally, compared to
midfielders, center backs, and defenders, forwards recorded
longer sprint distances and faster peak speeds. Running per-
formance indicators differ between positions in sport, which
has implications for position-specific training, albeit they
may differ depending on the level of competition (Burgess
et al,, 2006). Midfielders in soccer typically run the length of
the field when transitioning between defense and offensive,
therefore it makes sense that they would cover a bigger over-
all distance (Aughey, 2011). Soccer forwards sprint more
frequently and faster than players in other positions. Due
to opponent movement, defenders might not run long total
distances or long sprint lengths. In order to represent match
demands, data from GPS analysis can help build sprint train-
ing over sport-specific distances, high intensity running and
repetitive sprinting, and aerobic training relevant to posi-

tions. By the way, the Thai Rajpracha football player’s perfor-
mance per complete game in this study (73 km) was lower
than that of foreign professional teams like the Brazilian U20
team (88 km) (Ramos et al., 2019), the Australian profes-
sional league (97 km), and the Danish first division (103 km)
(97 km) (Krustrup et al., 2005; Gabbett & Mulvey, 2008).
Overall, the study’s findings are a useful tool for learning
more about training since GPS makes it possible to track and
analyze movement patterns during the course of training. An
earlier study found that match scheduling reduced training
load as expected, but acceleration and sprint performance
also declined over the course of the season as measured by
regular performance testing (Mara et al., 2015). More knowl-
edge of physical performance markers, training demands,
and their interactions over the course of a competitive season
would assist coaches develop periodization plans that are
effective for the player position. Despite our findings, these
studies demonstrate that because training does not replicate
the physiological demands of matches, it may not have ef-
fectively prepared players for match play. GPS analysis could
be used to track training and inform coaching and training
specialists on whether training goals have been met. If spe-
cialized training adaptations are to have an ideal transfer to
performance and decrease fatigue and consequent injury by
increasing training program specificity, understanding the
needs of field sport competition is a critical component of
an efficient training program (high intensity running and
sprinting). Coaches can determine an athlete’s present state
of fitness in connection to the necessary competitive de-
mands of the player position in the squad by taking aver-
age work rates throughout performance into consideration.
Despite these drawbacks, high-intensity running, sprinting
statistics, and work rate should still be used to guide training,
especially when taking age and positional disparities into ac-
count, as shown by the Thai Rajoracha football squad.

Conclusions

Global Positioning Systems have recently become
popular for monitoring field sport performance, especially
in rugby and soccer. Football field sports research using
GPS has focused on match performance, tiredness, and
training intensity. The requirement for consistent techniques
to ascertain the incidence of high intensity running and
sprinting is of particular concern for GPS analysis. The Thai
rajpracha football team’s use of GPS analysis can help with
the creation of training schedules and inspection procedures.
The Thai Rajpracha football team’s coaches and training staft
will be able to construct appropriate workouts to improve
competition preparation thanks to a greater availability of
data and more precise determination methods.
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AHAI3 NO3ULINHO-3YMOBJIEHUX BIAMIHHOCTEN

Y PE3YJIbTATUBHOCTI FPABL|IB HALLIOHAJIbHOI 36IPHOI
TAINNAHAY 3 ®YTBOJ1Y 3A IONOMOTI OO BIACTEXKEHHA

3 BUKOPUCTAHHAM MOBAJIbHUX CUCTEM NO3ULIIOHYBAHHA

Barrana Harryu'45¢?, Ilopamer lemapayaTanoH

'VuiBepcuter imeni Banaitnakn

1ABCD 1ABCD

, Contapanops XyHryna

ABTOpPCHKMIT BKIAJ: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komtis

Pe¢epar. Crarrsa: 7 c., 2 Tabi., 4 puc., 16 mxeper.

Merta gocimxeHHs. Po3ymiHHst 1podi/io pesyIbTaTUBHOCTI Y CIOPTI Ha BIIKPUTOMY HOBITpi 3 BUKOPUCTAHHSAM I7100a/Ib-
HMX CMCTeM IO3UIIOHYBaHHA 3abe3ledye KPUTUYHO BaXIMBI JaHi /I PO3BUTKY IIOTEHIa/My CHOPTCMEHIB y KOXHiil irpoBiit
nosuuil. s toro, o6 kpaire 3po3ymity (isiosoriuHi BUMOrH mif 4ac Ipy A0 OKpeMMX Ho3uLiiit GyTOOicTiB, TaKMX SIK IIeH-
TpanbHUI 3aXVICHUK, 3aXVICHVK, IIiB3aXVCHYK i HAalla/JHMK, 33 TIOKa3HVMKaMU IIBUJKOCTI, 3ara/JIbHOI IIPONMIEHO] AMICTAHIIII Ta Ki/lb-
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KOCTi IIPOO6IriB Ha KOPOTKY AMCTAHIII0 3 MAKCUMa/IbHOIO MIBUAKICTIO (CIPMHT), I laHi peecTpyBaM 3a JOIIOMOTIOI0 TeXHOJIOTI1
I106aIbHUX CUCTeM ITO3MI[iOHYBaHHS.

Marepianu ta Mmetomu. 13 22 o¢iniitanx irop 6ynu Bigibpani npodeciitui rpasui HanionanpHoi 36ipHOI Taintauny 3 ¢pyrbONY.
ByB nmpoBezennit aHami3 ¢isioorivHMX BUMOT JI0 TPaBIiB HaljioHaMbHOI 36ipHOI Tainanay 3 pyTb60My 32 BUMIPIOBAHUMM TTOKa3-
HJKaMJ HIBUJIKOCTI, 3ara/JIbHOI ITPOJi/IeHOI AUCTaHIil, KiTbKOCTi HpO6iI‘iB Ha KOPOTKY AMCTaHIiI0 3 MAKCMMa/IbHOI IIBUIKICTIO Ta
MaKcHMaIbHOI BKUAKOCTL. [laHi aHami3y Oymu ofepxcaHi B paMKax 22 MaT4iB Ha OCHOBI YOTHPbOX ITO3ULIN IPaBLiB (LeHTPaIbHUI
3aXMCHUK, 3aXVCHUK, IiB3aXMCHUK 1 HAITAJTHUK ).

Pesynprarn. [TokasHmk 3arajpHOI IpOiiieHOI AUCTAHIIT Ha IHAMBIya/IbHIl MO3NIil HaafHNKA OYB CTATUCTUYHO 3HAYYIIe
BUIIVM IIOPIBHSHO i3 3axucHuKOM (p = 0,0006). Y 30Hi BUCOKOIHTEHCHBHOTO 6iry AUCTAHIIis, IPOTieHa HallaHNKOM, Oy1a 3Ha-
YHO BUIIOK0 MOPIBHAHO 3 Oy/b-5IKOIO 1HIIOK 30HOW. KpiM TOro, MoKa3HUKY KiNbKOCTI IIPO6IriB Ha KOPOTKY AMCTAHIIII0 3 MAKCH-
Ma/IbHOIO IIBUAKICTIO Ta MAaKCHMa/IbHOI IIBUAKOCTI Ha MTO3NIi HamagHuKa y npodeciitnoro rpasis 36iproi Tainmangy 3 pyréory
BUSIBIJIVCSL BUIMMM, HDK Ha MO3MIISIX IIEHTPAIbHOTO 3aXVMCHIMKA, 3aXMCHMKA Ta miB3axucHuka (p = 0,0001, p = 0,0001 ta p =
0,0046 BifTIOBiIHO).

BucHoBku. PesynpratuBHicTb rpaBIiiB HallioHa/bHOI 36ipHOi Tainanny 3 GyT60/1y 32 KOKHY IIOBHY IPY B LIbOMY FOCTIIKEHH]
6y1a HIDKYOI0, HDK B iHO3eMHUX IMpodeciilHIX KOMaH] I, 3a TOKa3HIKaMY 3aTa/IbHOI IVICTAHIIi] Ta BICOKOIHTEHCUBHOrO biry. Bu-
KOPUCTOBYIOUM OL/IBIITY KiIIBKICTD JAHNX i TOUHIIII METOAM PO3PAXYHKY, TPEHEePH Ta HaBYa/IbHII IIePCOHATI 3MOXKYTh PO3POO/IATI
BifIIOBi{HI KOMIUIEKCH BIIPAB LA MiABNUIIEHH:A PiBHA HiATOTOBKY 0 3MaraHb IpodeciitHuxX rpaBuiB 36ipuoi Tainanny 3 pyroony.

KirouoBi croBa: crucreMa 17106a/IbHOTO MO3MIIOHYBAHHS, JUCTAHIIISA CIIPUHTY, MaKCUMa/bHa MIBUAKICTD, 30HA BUCOKOIH-
TEHCUBHOTO 6iry.
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Abstract

Background. Core stability and good running mechanics are fundamental components required for running,
including those running for leisure with or without a competitive aspect. Thus, adequate knowledge, attitude, and
practice (KAP) of core stability exercises (CSE) are necessary to minimize the incidence of low back pain (LBP).
Therefore, this study intended to determine recreational runners’ KAP toward CSE to prevent LBP and reveal the
association between their demographic characteristics and levels of practice toward CSE.

Materials and methods. A cross-sectional study design was adopted, and three hundred recreational runners were
selected using a simple random sampling approach. A semi-structured questionnaire was distributed among them
using Google Forms. It consisted of 28 items capturing the participants’ demographic characteristics and KAP toward
CSE. Out of 300, 257 completed questionnaires were received, indicating an 86% of response rate. Data analysis was
carried out using Statistical Package for the Social Science (SPSS) 28.0.

Results. The correct response to the knowledge-related items in the questionnaire was from 65% to 91%. Precisely,
91.4% of study participants understood CSE. Furthermore, most participants showed a positive attitude toward
CSE, considering that it is essential for running (79%), improving fitness (76%), reducing the risk of injuries (71%),
and boosting their appearance (54%). Most participants (>85%) performed CSE for recommended frequency and
duration to strengthen their core muscles and prevent LBP. The recreational runners had good practice toward CSE.
Conclusions. Recreational runners possess adequate knowledge, a positive attitude, and good practice toward CSE.
This study suggested that motivational strategies and awareness programs can be conducted to improve recreational
runners’ KAP toward CSE preventing LBP.

Keywords: knowledge, attitude, practice, core muscles, runners, exercise, low back pain.

Introduction intensity physical activity (Dai et al., 2015). Furthermore, in
terms of participation, running is one of the most popular
workout activities on the planet (Lee et al., 2014; Scheerder
etal,, 2015). Running’s popularity is most likely owing to its
© Purushothaman, V.K., Ho Heng Kit, I, Subramaniam, A., health benefits (Hespanhol Junior et al., 2015). A recreatiopal
Subbarayalu, A.V., Prabaharan, S., Marimuthu, P.R., Hii, runner was fieﬁned as someone who had been running
E.YX., Chinnusamy, S., & Kandasamy, M., 2023. for at least six months and had completed 1 to 3 weekly
o o sessions (Mulvad et al., 2018). Runners report changes in
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their lifestyles after starting to run regularly, including better
eating habits, good sleeping patterns, and less alcohol and
tobacco consumption. They also say jogging makes them
happier, more relaxed, and more energized (Harris, 1981;
Novacheck, 1998). The health benefits of running are well
recognized, as seen by the growing popularity of recreational
running events in several locales across Western civilization
(Franke et al., 2019). Despite the advantages of running, the
amount of documented running injuries in the literature
is concerning (Van der Worp et al., 2015). According to
existing research, running-related injuries mostly impact
the joints of the lower leg, pelvis, and lumbar spine, causing
uncomfortable muscles, tendons, joints, and low back pain
(LBP) (Dias Lopes et al., 2012). Similarly, many runners
suffer from LBP due to poor knowledge and awareness of
body mechanics. As such, LBP accounts for roughly 20 to 30
percent of typical complaints among runners (Abdelraouf &
Abdel-Aziem, 2016; Maselli et al., 2020).

The stability of core muscles is essential to running-
related back injuries. The deep core muscles have been
shown to activate before voluntary lower extremity
movement, implying that they may act to stabilize the spine
in preparation for the loads encountered during dynamic
tasks such as running (Fredericson & Moore, 2005). The
superficial muscles’ primary role is to move the thoracic cage
and pelvis and deliver forces to the extremities (Bergmark,
1989). During running, the total axial pressure on the lumbar
spine exceeds three times the upper body’s weight above the
fifth lumbar segment (Cappozzo, 1983). Likewise, during
a repetitive, dynamic activity like running, dysfunction of
the deep core musculature can result in improper loading
of the spine, poor muscular coordination, compensatory
movement patterns, muscle tension, or injury to spinal
structures (Hibbs et al., 2008). A suitable amount of deep
core muscular activation is required to support the spine;
nevertheless, excessive or inappropriate activation of these
muscles may result in aberrant spinal loading and LBP
(McGregor & Hukins, 2009). When the deep core muscles
are weak, the lumbar spine is subjected to higher compressive
and shear loads. The superficial trunk muscles are shown to
be the major compensators, indicating that these muscles
are at the most significant risk of injury or fatigue. Hence,
runners with deep core muscle weakness may be at a higher
risk of developing LBP (Raabe & Chaudhari, 2018).

In runners, core stability exercise (CSE) enhances core
stability while positively impacting running performance
(Hsu et al., 2018; Mehda et al., 2019). Previous studies have
demonstrated that six weeks of core-stability training in
school track and field athletes improved dynamic balance,
core endurance, dynamic postural control, and running
economy (Bagherian et al., 2019; Sandrey & Mitzel, 2013).
To gain the full benefits of CSE, the amount of knowledge
the runners have and their attitude towards it is paramount.
Knowledge plays a vital role in influencing individuals’
positive attitudes toward exercise. Individuals with a higher
understanding of sports injury prevention and management
had a more favorable attitude toward injury prevention and
management tactics (K.-M. Wang et al., 2012). However,
exploring theliterature, no prior studies have been conducted
to bring out runners’ knowledge and attitudes regarding the
significance of CSE and their practices to prevent LBP. Thus,
this study intended to assess the knowledge (understanding),

attitude, and practice (KAP) adopted by recreational runners
towards CSE in reducing the risk of LBP. It also focused on
exploring the association between the recreational runners’
demographic characteristics and their levels of practice
concerning CSE.

Materials and Methods

Study design

A cross-sectional study design was adopted to reveal
recreational runnerss KAP towards CSE belonging to
Selangor state, Malaysia. This study was conducted between
January 2021 and March 2021. The ethical clearance for this
study was obtained from the Research and Ethics committee
of INTT International University, Malaysia (INTI-IU/FHLS-
RC/BPHTI/7NY12020/009). Participants are mandated to
complete the informed consent form before starting the
survey.

Participants

Considering the population size of recreational runners
belonging to various running clubs of Selangor state,
confidence level (95%), and acceptable margin of error (5%),
a sample size of 300 recreational runners was selected using
simple random sampling methods. Of the 300 questionnaires
administered, 257 completed questionnaires were returned,
demonstrating an 86% response rate. The participants
include both gender with ages ranging from 18 to 65 years
and have been running for the last six months. Competitive
runners and individuals who were unable to read and
understand English were excluded from the study.

Instrumentation

A semi-structured questionnaire was developed and
consisted of four sections (28 items). The questionnaire’s first
section deals with the recreational runners’ demographic
information (07 items). The second section addresses the
recreational runners’ knowledge of CSE by counting the
correctness of their responses to each item using either
“True’ or ‘False or ‘Not Sure’ (07 items). The third section
covers the recreational runners’ attitude toward CSE
through the options of a five-point Likert scale [Strongly
Disagree, ‘Disagree, ‘Neutral, ‘Agree, and ‘Strongly Agree’].
All attitude-related items were structured as direct-worded
questions except those capturing the runners’ attitude
toward exhaustion and motivation, availability of time to
do CSE, significance/helpfulness, and knowledge about
CSE, which were considered reverse-worded items. The last
section reveals the recreational runners’ practice toward CSE
through the options, i.e., ‘Yes, ‘Sometimes), or ‘No’ (05 items).

Procedure

Before administering to the subjects, the content
validity of the questionnaire was carried out through
experts’ judgments. The questionnaire was distributed to
participants using ‘Google forms. A survey link, along with
the objective of conducting the survey, was sent to all those
recreational runners belonging to various running clubs;
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poll links were shared on club-specific social media pages,
and responses were collected. All participants were asked
to respond after filling out the informed consent form. The
collected questionnaires were checked for accuracy and
completeness.

The recreational runners’ knowledge of CSE was
measured based on the overall number of points they
received. One point would be awarded for choosing “true”
for the statements. The options of ‘false’ and ‘not sure’ would
be considered zero points. Precisely, responses for each
attitude-related item were measured as the frequency and
percentage of those who opted for ‘Strongly Agree’ and ‘Agree’
concerning direct-worded items and ‘Neutral, ‘Strongly
disagree, and ‘Disagree’ concerning reverse-worded items.
In focus on revealing the recreational runners’ practice
of CSE, the responses on each practice-related item were
described in frequency and percentage of those who opted
for ‘Yes’ (1 point), ‘No’ (0 points), or ‘Sometimes’ (0 points).
The total score ranged from 0 to 5, in which a score of
4-5 denotes good practice concerning CSE. However, a score
of 1-3 means poor practice concerning CSE.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 28.0. The
recreational runners’ KAP toward CSE were analyzed
using descriptive statistics (i.e., frequency and percentage).
Since the demographic characteristics consist of body mass
index (BMI), age, education level, running experience, the
incidence of LBP, and its duration and the response of the
subjects to the practice-related items in the questionnaire
are captured and reported in the form of categories, a
Chi-square test was applied to examine the association
between the participants’ characteristics and their practice
concerning CSE at 5% significance level. The chi-square test
is a nonparametric test used to test the hypothesis of no
association between two or more groups, populations, or
criteria (i.e., to check independence between two variables),
and it is meant explicitly to categorical data, not for analyzing
parametric or continuous data (Singhal & Rana, 2015)

Results

Demographics of participating runners

Among the participants (n=257), half of them were
female (52.9%), aged between 18 and 30 years (52.1%), and
observed under normal BMI (51.8%). 75.5% possess an
undergraduate degree as their highest education level. 35.8%
had a recreational running experience between 6 months
and 2 years. Besides, only 28.8% were currently suffering
from LBP, and 13.2% had a history of LBP for 1 to 2 years
(Table 1).

Recreational runners’ knowledge about the CSE

91.4% of participants agreed that the core muscles
play a vital role in controlling and influencing the body’s
movements. 65% knew the primary function of the core
muscles. 89.1% of the respondents identified that core
stability trained the body’s posture through complex and

Table 1. Demographic characteristics of participants

Frequency Percentage

Characteristics (n) (%)
Gender Male 121 47.1
Female 136 52.9
18 to 30 134 52.1
Age (Years) 31to 50 92 35.8
51 to 65 31 12.1
Underweight
(<18.5) & 15 5.8
Normal (18.5-22.9) 133 51.8
BMI (kg/m?) Overweight (23-
& 249) & 48 18.7
Obese 1 (25-29.9) 50 19.5
Obese 2 (>30) 11 4.3
Secondar
Educatior}; 14 >4
Education Level Diploma 22 8.6
Bachelor Degree 194 75.5
Master Degree 27 10.5
6 months to 2 92 35.8
Recreational Running 3 to 5 70 27.2
Experience (Years) 6 to 10 47 183
More than 10 48 18.7
Suffer from LBP Yes 74 28.8
No 183 71.2
, 1to2 31 13.2
History of LBP 3105 28 10.9
(Years)
>5 15 5.8

LBP= low back pain, CSE= core stability exercise, BMI= body
mass index

Table 2. Recreational runners’ knowledge of CSE

Correctness of Response

Knowledge items True n (%) False/Not
sure n (%)

CSE improves running economy 175(68.1)  82(31.9)
CSE is necessary for good running 206(802)  51(19.8)
mechanics
Core muscles play a vital role in
controlling and influencing the body’s 235 (91.4) 22 (8.6)
movements
Trunk. rotation an.d load transfer are 167 (65.0) 90 (35.0)
the primary functions of the core
Exercises like crunches and sit-ups
are insufficient to develop the cofe 199(774)  58(226)
CSE involves training the body’s
posture through complex and 229 (89.1)  28(10.9)
dynamic movements
CSE reduces the risk of LBP 223 (86.8) 34(13.2)

LBP=low back pain, CSE= core stability exercise

dynamic activities and agreed that CSE is necessary for good
running mechanics. Furthermore, 68.1% reported that it
improves the running economy. 77.4% stated that crunches
and sit-ups are insuflicient to develop the core. Moreover,
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86.8% possess sufficient knowledge that regular practice of
CSE reduces the risk of LBP (Table 2).

Recreational runners’ attitude towards CSE

More than 70% of the participants agreed that CSE is
vital for running, improves their fitness level, and reduces the
risk of back injury. Half of the participants (53.7%) perceived
that CSE boosts their appearance. Notably, 32.7% reported
on lack of time to do CSE. 37% felt a lack of motivation and
fatigue from not exercising regularly. Besides, 89% disagreed
that practicing CSE does not provide a significant result
and could be more helpful. 72% perceived that the lack of
knowledge did not justify skipping the exercise (Table 3).

Table 3. Recreational runners’ attitude towards CSE

Correctness of Response
Runners opted

Runners opted  for Neutral,
Attitude items for Strongly agree  Disagree,
and Agree and Strongly
n (%) Disagree
n (%)

202 (78.6%)
102 (39.7%)
194 (75.5%)

55 (22.4%)
155 (60.3%)
63 (24.5%)

CSE is essential for running
Other athletes are doing CSE
CSE improves fitness level
CSE reduces the risk of back
injury

182 (70.8%) 75 (29.2%)

CSE boosts my appearance 138 (53.7%) 119 (40.3%)

Lack of time to do CSE 84 (32.7%) 173 (67.3%)
Lack of motivation or too

0, 0,
exhausted to do CSE 95 (37%) 162 (63%)

27 (20.5%)
72 (28%)

230 (89.5%)
185 (72%)

It is not significant or helpful
Lack of knowledge about CSE

CSE-= core stability exercise

Recreational runners’ practice toward CSE

Most participants (>90%) performed CSE in a slow
and controlled manner and those stopped doing CSE if
it aggravated their LBP. Above 85% performed CSE for
recommended frequency and duration to strengthen
their core muscles and prevent LBP. Those also reported
no practice of holding their breath while performing CSE
(Table 4). Furthermore, all demographic variables except the
education level are significantly associated with the practice
of CSE among recreational runners (Table 5).

Table 4. Recreational runners’ practice toward CSE

Discussion

Core muscles can be classified into local and global
stabilization systems. These systems provide core
stabilization in terms of strength and balance to body parts
during sports activities (Bergmark, 1989). In this study, most
participants (91.4%) understood that core muscles play a
vital role in controlling and influencing body movements.
65% knew the core muscles’ primary function. Likewise,
80% recognized that CSE is necessary for good running
mechanics. 68.1% reported that it improves the running
economy. Such findings conformed with an earlier study that
stated that CSE might improve male college athletes’ static
balance, core endurance, and running economy (Hung et al.,
2019). Further, 89.1% agreed that CSE involves training the
body’s posture through complex and dynamic movements.
Several studies have also proved that the core muscles aid
in stabilizing the lumbar spine and postural maintenance
(Hides et al., 1996; Hodges et al., 2007; Kibler et al., 2006).
Szczygiet et al. demonstrated that four weeks of core deep
muscle training helps to improve posture, particularly trunk
postural control in the sagittal plane (Szczygiel et al., 2018).
In summary, the current study implies that recreational
runners possess sufficient knowledge about CSE.

Earlier studies demonstrated that CSE minimizes pain
in the short term for patients with chronic LBP and is most
commonly used during clinical practice (Shamsi et al., 2016;
X.-Q. Wang et al,, 2012). Other studies also proved that core
muscle training helps reduce the risk of LBP and alleviates
chronic LBP (Akbari et al., 2008; Andrusaitis et al., 2011;
Franga et al., 2010). As such, most participants (86%) believed
that CSE reduces the risk of LBP. This condition might be
because CSE helps to improve core muscle strength and thus
reduces the risk of LBP. The core muscles decrease such injury
risk in the low back area by sustaining force control during
mobilizing (Liemohn et al.,, 2005). Additionally, incorporating
core muscle training into a daily routine can enhance core
muscular strength, decrease the incidence of back pain
injuries, and enhance sports performance (Hibbs et al., 2008).

In this study, the recreational runners demonstrated
a positive attitude toward CSE, where 78% felt that it is
essential for running. A systematic review and meta-analysis
of the relationship between core strength training, core
muscle strength, and athlete performance found that CSE
improved core muscle strength but had a limited impact on
athletic performance (Prieske et al., 2016; Reed et al., 2012).
However, in this study, above 75% of the participants agreed
that CSE improved their fitness level, and itis in conformance
with an earlier study by Hung et al. in which core muscle
training has commonly been employed in rehabilitation as
well as improving fitness.

Practice items

I perform/practice CSE for recommended frequency and duration
I perform CSE to strengthen the core muscles and prevent LBP

I stop performing CSE if it aggravates my LBP

I do not hold my breath while performing CSE

I perform CSE in a slow and controlled manner

Yes Sometimes No
n (%) n (%) n (%)
226 (87.9%) 30 (11.7%) 1 (0.4%)
227 (88.3%) 29 (11.3%) 1 (0.4%)
241 (93.8%) 16 (6.2%) 0 (0%)
229 (89.1%) 24 (9.3%) 4 (1.6%)
235 (91.4%) 21 (8.2%) 1 (0.4%)

LBP= low back pain, CSE= core stability exercise
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Table 5. Association between recreational runners’ characteristics and their practice toward CSE

Demographic characteristics Total Poor Good Chi-square
N (%) N (%) N (%) (p-value)
Gender Male 121 (47.1) 11 (34.3) 110 (48.9) 5369 (0.002)"
Female 136 (52.9) 21 (65.6) 115 (51.5)
18 to 30 134 (52.1) 17 (53.1) 117 (52.0)
Age (years) 31 to 50 92 (35.8) 13 (40.6) 79 (35.1) 4.268 (0.009)*
51 to 65 31(12.1) 2(6.2) 29 (12.9)
Underweight (<18.5) 15 (5.8) 4(12.5) 11 (4.9)
Normal (18.5-22.9) 133 (51.8) 21 (65.6) 112 (49.8)
BMI (kg/m?) Overweight (23-24.9) 48 (18.7) 2(6.2) 46 (20.4) 9.002 (0.000)*
Obese 1 (25-29.9) 50 (19.5) 5 (15.6) 45 (20)
Obese 2 (>30) 11 (4.3) 0 (0.0) 11 (4.9)
Secondary Education 14 (5.4) 1(3.1) 13 (5.8)
Education Level Diploma 22 (8.6) 2(62) 20 (8.9) 1.503 (0.682)
Bachelor Degree 194 (75.5) 24 (75.0) 170 (75.6)
Master Degree 27 (10.5) 5(15.6) 22(9.8)
6 months to 2 92 (35.8) 12 (37.5) 80 (35.6)
Recregtional Running 3to5 70 (24.2) 5(15.6) 65 (28.9) 5.940 (0.031)*
Experience (Years) 6to 10 47 (18.3) 8 (25) 39 (17.3)
More than 10 48 (18.7) 7 (21.9) 41 (12.8)
Suffer from LBP Yes 74(288) 14 (43.8) 60 (26.7) 3.988 (0.046)*
No 183 (71.2) 18 (56.2) 165 (73.3)
Empty 180 (70) 18 (56.2) 162 (72)
History of LBP (Years) lto2 34(13.2) 18 (56.2) 162 (72) 5.005 (0.020)*
3to5 28 (10.9) 5(15.6) 29 (12.9)
>5 15 (5.8) 3(9.4) 12 (5.3)

*Significant at 0.05 level; LBP= low back pain, CSE= core stability exercise

The present study also uncovers the reasons for not
engaging in or regularly continuing CSE. 32.7% of the
recreational runners stated a lack of time to do CSE. 37%
reported a lack of motivation and fatigue as reasons for not
practicing CSE. Group exercises with peer encouragement
could help improve a runner’s motivation to perform CSE
regularly (Joesaar etal.,2012). Shaw et al. reviewed the impact
of virtual reality (VR) on players’ motivation and exercise
performance. They revealed that greater cooperation and
motivation were achieved due to the competitive experience
in VR games (Shaw et al., 2016). Thus, VR is a viable solution
for motivating runners to complete their CSE because it
employs virtual players instead of actual ones.

Moreover, this study observed that the recreational
runners had good practice toward CSE preventing LBP. More
than 90% of them performed CSE in a slow and controlled
manner and those stopped doing CSE if it aggravated
their LBP. These findings align with the previous literature
(Harvard health publishing, 2016; Princing, 2021). Besides,
above 85% performed CSE for recommended frequency and
duration to strengthen their core muscles and prevent LBP.
Those also practiced CSE without holding their breath. In
line with these findings, a previous study stated that CSE
is performed for recommended frequency and duration,
for instance, 20-minute sessions twice a week for ten weeks
(Puntumetakul et al., 2021). It is also essential to do CSE
without holding your breath (Hopkins, 2009).

Besides, recreational runners’ age and gender showed a
significant association with their practice toward CSE. These

findings align with past studies (Gomes et al., 2017; Mao
et al., 2020). Further, their BMI and running experience
were significantly associated with their practice toward
CSE. These findings might be due to those participants
understanding the importance of CSE and regularly
practicing them to prevent LBP. Previous literature also
stated that BMI highly impacts an individual’s exercise
adherence (Khaled et al., 2016). Past exercise experience
among individuals had stable behavior in the long run and
acted as a critical forecaster of future behavior (Rodrigues et
al,, 2020). Suffering from LBP and a history of LBP among
recreational runners showed a significant association with
their practice toward CSE. This result is consistent with a
recent study stating that individuals with LBP were more
adherent to the exercise-based rehabilitation program
(Shahidi et al., 2022). There is a need to assess the extent of
the practice of CSE between recreational runners with and
without LBP in future studies. Besides, as the participants’
age, gender, BMI, running experience, suffering from LBP,
and history of LBP were significantly associated with their
levels of practice toward CSE, the researchers would frame
and implement appropriate strategies focusing on those
demographic categories to improve the participants’ levels
of practice of CSE preventing LBP.

On the other hand, this study observed no significant
association between recreational runners’ education level
and their practice toward CSE. In line with this finding,
(Shettigar et al., 2019) found that an individual’s level of
education was not significantly associated with exercise
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adherence. However, previous studies stated that education
level is associated with the level of practice of physical
exercise (Tarducci et al., 2016). Therefore, further research is
warranted to explore the impact of educational status among
recreational runners on practice toward CSE.

This study is limited to the recreational runners of
Selangor state, Malaysia. It can be extended in the future
among recreational runners across Malaysia to generalize
the findings. The difference in KAP among recreational
runners concerning their demographic variables can be
revealed in further research.

Conclusion

This study is the first one that addresses the KAP about
CSE in preventing LBP among recreational runners belonging
to Selangor, Malaysia. The finding reveals that recreational
runners have adequate knowledge and understanding of CSE
and regularly practice them to reduce the risk of LBP. Further-
more, most of the participating runners exhibited a positive
attitude toward CSE, in which more than 75% of them felt that
it is vital for running and improves their fitness level. Recre-
ational runners showed good practice toward CSE. More than
85% performed CSE for recommended frequency and dura-
tion to strengthen their core muscles and prevent LBP. All de-
mographic variables except the education level of recreational
runners were significantly associated with their practice to-
ward CSE. The findings of this study add to the existing litera-
ture on KAP recreational runners towards CSE in preventing
LBP. Still, motivational strategies and awareness and training
programs can be conducted for Malaysian recreational run-
ners to enrich their KAP toward CSE and prevent LBP.
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Abstract

The study purpose was to compare the effects of concurrent resistance and aerobic training to resistance and/or
aerobic training alone on body composition, muscular strength and maximum oxygen uptake in overweight and

obese men.

Materials and methods. Twenty-four overweight and obese (BMI = 23.0 - 29.9 kg/m?) volunteers who were male
students from Ubon Ratchathani Rajabhat University, aged 19-22 years were assigned into 3 groups: 1) resistance
training group (RT), 2) aerobic training group (AT) and 3) concurrent resistance and aerobic training group
(RT+AT). The training was 45 minutes per session and 2 days per week. Body composition along with muscular
strength (1-RM) and maximum oxygen uptake (VO,max) were measured before (2-3 days prior) and after (2-3 days

post) a 5-week training period.

Results. Waist circumference was significantly decreased in all three groups, but the RT+AT group also found
improvement in percentages of fat-free mass (0.49 + 0.49%, p = 0.021, mean + SD) and skeletal muscle mass

(1.01 £ 0.95%, p = 0.025) when compared to their baseline. Similarly, 1-RM in leg extension was significantly
increased in all three groups, while the RT group (47.67 + 14.85%, p = 0.01) and the RT+AT group (42.08 + 21.70%,
p = 0.039) showed a substantially larger improvement in the 1-RM in leg extension when compared to the AT group
(20.37 £ 13.97%). Finally, VO,max was significantly increased in all three groups (baseline to post-intervention),

though they were not significantly different between groups.

Conclusions. Concurrent resistance and aerobic training can reduce waist circumference and increase fat-free mass,
skeletal muscle mass, 1-RM and VO, max. Therefore, this training strategy may serve as a useful alternative way to
improve overall physical fitness and health promotion in overweight to obese male population.

Keywords: concurrent training, resistance training, aerobic training, 1-repetition maximum, maximum oxygen

uptake, excess weight.

Introduction

The prevalence of overweight and obesity has increased
in children and adolescents due to a decrease in physical
activity and an increase in access to dietary diversity (Mistry

© Namboonlue, C., Namboonlue, S., Sriwiset, P, Jaisuk, J.,
Buttichak, A., Muangritdech, N., & Saengjan, W., 2023.
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& Puthussery, 2015). Convenience and access to food are key
contributors to overweightand obesity, indicated by abody mass
index that exceeds 23.0 kg/m? and a higher tendency of being
overweight and obese (WHO, 2020). Exercise can help prevent
and reduce overweight and obesity. It is more effective when
combined with diet control (Shaw et al., 2006). Resistance and
aerobic training contributed to body composition development
and physical fitness promotion differently in terms of training
styles and outcomes (ACSM, 1995).
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Resistance training is the use of weight as a factor in
muscle training. The weights can be body weights, weight
plates, or exercise equipment. Increasing muscle size and
strength depends on the following factors: mechanical
tension, metabolic stress and muscle damage (Schoenfeld
et al., 2019). Forms of resistance training have increased
in recent years. Traditional resistance training is to select
exercise postures to perform for a specific number of sets
and reps (ACSM, 2002).

Aerobic training is known to have a positive effect on the
heartand circulatory system. It increases energy expenditure.
It can be continuous or intermittent exercise. The intensity
depends on VO,max, or heart rates that are divided into
different levels (Hunter et al., 2015). The appropriate exercise
duration that will cause the body to use fat for energy also
depends on the intensity (Carnier et al., 2013).

Concurrent resistance and aerobic training may be an
alternativeformoftrainingusedtoimprovebodycomposition
and physical fitness because the basis of concurrent training
is to combine resistance and aerobic training in 1 session
of training (Geoffrey, 2017). Those performing this type
of training may be benefited from the increase in muscle
mass from resistance training and the improvement of the
cardiovascular system from aerobic training (Pito et al.,
2022). A study reported that beginners were more likely to
improve their muscle gains faster than regular exercisers.
Cardiorespiratory fitness was also increased, which is good
for recovery (Antonio et al., 2015). In addition, a study in
obese adolescents revealed that concurrent resistance and
aerobic training can reduce body fat mass (Monteiro et al.,
2015). Resistance training at moderate intensity (55-70%
IRM) to high intensity (70-85% 1RM) combined with
aerobic training at moderate intensity (75% of the maximal
aerobic speed) can develop 1-RM and VO,max. Especially,
concurrent resistance and aerobic training are more effective
in developing muscle strength than aerobic training alone.
It is also able to improve VO,max better than resistance
training alone (Khalafi et al., 2022). However, some studies
showed that concurrent training can provide increases in the
1-RM upper and lower limb strength similar to resistance
training alone. There was no difference in VO,max between
the concurrent training and the aerobic training groups (Pito
et al., 2022). However, performing both training sessions
at the same time may not affect the development of basic
physical fitness. Proper arrangement of training postures
for the concurrent training program and quality training
duration per training session are important variables in the
concurrent training program design.

Therefore, the researchers were interested in studying
the concurrent resistance and aerobic training to improve
overall health, in particular, the improvement of body
composition, muscular strength and maximum oxygen
uptake among overweight and obese male adolescents with
the aim to see whether the concurrent resistance and aerobic
training can be an alternative form of training or not.

Materials and methods

Study participants

Twenty-four male students from Ubon Ratchathani
Rajabhat University (age 20.17 + 0.96 years) volunteered for

this study. The inclusion criteria were as follows: 1) measured
and reported as overweight and obese (BMI = 23.0-29.9 kg/m?)
and 2) likely to be untrained and able to do exercise training
or physical activities. Written informed consent was obtained
from all the participants after they had been informed about
the details, purpose and procedures of the study. The study was
approved by Ubon Ratchathani Rajabhat University Human
Ethics Committee (HE652060) (Fig. 1).

n= 66 Screened

n =26 Excluded
n = 6 Did not meet inclusion criteria
n = 11 Met exclusion criteria
n =5 Declined to participate
n = 4 Other reasons

n =40 Randomized

{ 1
RT AT RT + AT
n=13 n=13 n=14

| | l

5 lost to follow up 5 lost to follow up 6 lost to follow up
1 personal 3 personal 1 personal

3 COVID-19 1 COVID-19 3 COVID-19
1 Unrelated sickness 1 Unrelated sickness 2 Unrelated sickness
Analyses Analyses Analyses
n=8 n=38 n=38

Fig. 1. Training trial profile. COVID-19: Participants lost to
follow-up due to COVID-19 infection or close contact with
person infected by COVID-19 during the fifth wave of the
COVID-19 pandemic. Abbreviations: RT, resistance training;
AT, aerobic training; RT + AT, concurrent resistance and aerobic
training

Study organization

The participants were randomly divided into three
experimental groups: resistance training group (RT, n = 8),
aerobic training group (AT, n = 8) and concurrent resistance
and aerobic training group (RT+AT, n = 8). The study
duration was 5 weeks of training. All the participants were
evaluated at the baseline and the end of the study (Between
2 to 3 days of the last training session) (Fig. 2).

Training program

The resistance training group followed the resistance
training principle (ACSM, 2002) and performed 4 exercises
at 60-70% 1RM, 8-15 reps range and 3 sets of each exercise
with I-minute recovery between sets; 1) lat-pulldown
(Nautilus OneTM S6LATP, USA), 2) leg extension (Nautilus
OneTM S6LE, USA), 3) chest press (Nautilus OneTM S6CP,
USA) and 4) leg curl (Nautilus IMPACTS1301, USA). The
resistance training consisted of two training sessions per week
on non-consecutive days for 5 weeks. The training duration
was about 45 min, including warm-up, training and cool
down (a total of 90 min-week-1 or 450 min over 5 weeks).

The aerobic training group followed the aerobic training
guideline and used the heart rate to monitor (Polar H10,
Finland) the intensity (ACSM, 1995). This group performed
treadmill (Star Trac 10TRX, USA) incline-walking
(2.5 incline level) with a speed of 65-75% of maximum heart
rate (MHR) for 35 min continuously. The training duration
lasted 45 min, including warm-up, training and cool down
(a total of 90 min/week or 450 min over 5 weeks).
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Fig. 2. Outline of training and testing schedule. Abbreviations: reps, repetition; MHR, maximum heart rate

The concurrent resistance and aerobic training group
followed both resistance and aerobic training. The exercise
and program design were similar to those of the two-
intervention by performing resistance training exercises as
same as the resistance training group. The only difference
was that the training set of each exercise was reduced to
2 sets to reserve the time and move on to the aerobic session
after the subjects had done all resistance training exercises
immediately. This group performed the treadmill incline-
walking with the same incline level and intensity, but the
duration was 15 min. The training duration was about
45 min, including warm-up, training and cooldown (a total
of 90 min/week or 450 min over 5 weeks).

Measures

Body composition measurement

The body composition was measured using a
bioelectrical impedance analysis machine (BIA) by body
composition analyzer (Seca mBCA, Hamburg, Germany).
The outcome variables were body mass index (BMI, kg/m?),

waist circumference (WC, cm), fat-free mass (FFM, kg), fat
mass (FM, %) and skeletal muscle mass (SMM, kg).

1-Repetition maximum measurement

The 1-repetition maximum was assessed in 4 exercises
using a stationary weight machine: 1) lat pulldown, 2) leg
extension, 3) chest press and 4) leg curl. The participants
were asked to perform these exercises. The demonstration
was done before correcting the way of measure by experience
resistance training. Every exercise included warm-up for a
few sets and rest for at least 2 min. Then the advisor predicted
the reasonable weight and asked the participants to go for
maximum repetitions. The repetitions were counted by the
advisor and calculated as the 1-RM by 1-RM calculator. They
had to rest for 2 min before doing the next exercise test,
considered alternated upper and lower exercise tests.

Maximum oxygen uptake measurement

The maximum oxygen uptake was measured by the
Astrand-Rhyming cycle ergometer test by performing

391



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 3

6 min on a cycle ergometer bike (Monark Ergomedic 828E,
Vansbro, Sweden). The participants were allowed to warm
up for 1 min with 0 loads at 50-55 cadence speed (round
per min; RPM). They had to maintain the cadence speed
throughout 6 min of the test. The test was started by the
increasing load to 75 watts (1.5 kiloponds). The heart rate
is attached to the chest to monitor the heart rate being
measured every minute. The final heart rate was calculated
for maximum oxygen uptake by O2max calculator.

Statistical analysis

Statistical calculations were performed using SPSS 26
(IBM Corp. IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY: IBM Corp). Descriptive data were shown as
means and standard deviation (SD). Data normality was
evaluated by using the Shapiro-Wilk test. The one-way
analysis of variance (ANOVA) with a post-hoc Bonferroni
adjustment was used to evaluate differences in body
composition, 1-repetition maximum and maximum
oxygen uptake between groups. A paired t-test (comparison
between values obtained before and after intervention) was
completed. P values < 0.05 was considered to be statistically
significant.

Results

The general characteristics and baseline measured of
the resistance training (RT), aerobic training (AT) and
concurrent resistance and aerobic training (RT+AT) groups
are presented in Table 1. No significant differences existed

Table 1. Participants characteristics in the 3 training
groups.

Characteristics RT (n=8) AT (n=8) RT+AT (n=38)
Age (y) 20.63£0.92 2013125  19.75+0.46
Weight (kg) 73.85£10.12  79.08£20.78  78.29+8.69
Height (cm) 174.50£5.04  168.75£7.21  172.13+4.16
BMI (kg/m?) 2429+3.18  27.837.57  26.57+3.44
gf/ﬁ;’g heartrate ) 34500  72.004537  68.00+4.90
SBP (mmHg) 124.0045.68  123.00+6.41  123.25+4.23
DBP (mmHg) 74.00£545  71.254.65  71.50%5.21

RT - resistance training group, AT — aerobic training group,
RT+AT - concurrent resistance and aerobic training group;
BMI - body mass index; SBP = systolic blood pressure; DBP =
diastolic blood pressure. Values are mean + SD. No significant
difference was found between the 3 groups for any variable

among the three groups for any variables. After 5-week,
the waist circumference was reduced in all three groups by
-2.59 £2.52%, -2.61 £ 2.02% and -2.03 + 2.12%, respectively.
However, the RT+AT group was the only group found
significantly increased fat-free mass and skeletal muscle mass
by 0.49 + 0.49% and 1.01 + 0.95%, respectively compared to
the baseline (Table 2).

The 5-week training program significantly increase the
1-repetition maximum indices in all groups when compared
to their baseline (Table 3). In particular, the RT group

Table 2. Mean changes in body composition in all 3 training groups after 5-week training

. RT (n=8) AT (n=8) RT+AT (n=8)
Variables
Pre-test  Post-test % change Pre-test Post-test % change Pre-test Post-test % change

Body composition

Weight (kg) 73.85%£10.12 73.79+£10.38 -0.08+2.22  79.08+20.78 77.13£17.96 -2.46+3.93 78.29+8.69 77.88+8.74  -0.52+2.21
BMI (kg/mz) 24.29+3.18  24.23%£3.32  -0.23+2.23  27.83+7.57 27.13£6.62  -2.52+3.92 26.57+3.44 26.35+3.52  -0.81%£2.19

. P
?Valit CHCHIMIEIENCE 47 0048.80  79.88+6.49  -2.5942.52* 91.00+1872 88.63+17.05 -2.61%2.02* 86.3848.05 84.63+8.77 -2.03+2.12*
cm

Fat-Free mass (kg) 60.57£5.94  60.78+6.05 0.34+3.66  57.94+70.04 57.57+6.64 -0.63+2.09 58.95+2.01 59.24+1.94 0.49+0.49*
Fat mass (%) 17.85+9.58 17.71£10.12 -0.77+£14.92 24.71+10.83 23.75+9.98  -3.89+9.96 24.96+523 24.60+5.14 -1.43%£3.93
Skeletal muscle mass 29.37£2.91  29.64£3.01 0.92+3.02  28.11+£3.81 28.01£3.72  -0.36+1.94 28.39+1.36  28.68%1.55 1.01+0.95*

(kg)

*Significant p<0.05 (pre vs post)

Table 3. Mean changes in 1-repetition maximum and maximum oxygen uptake in all 3 training groups after 5-week training

. RT (n=8) AT (n=8) RT+AT (n=8)
Variables

Pre-test  Post-test % change  Pre-test Post-test % change Pre-test Post-test % change
1-Repetition maximum
Lat pulldown (kg)  33.90+4.60 48.96+6.64  44.43+23.77° 27.50£5.92 34.4146.82 25.14+£26.38" 32.50+5.82 43.88+6.99 35.00+23.64'
Chest press (kg) 32.11+£7.00 50.54+7.20  57.38+44.36" 24.89+5.27 34.03£7.02 36.77+13.64" 29.53+5.30 44.05+5.76 49.20+28.97
Leg extension (kg) 60.73+7.17 89.68+8.40  47.67+14.85" 47.81£10.81 57.55+14.96 20.37+13.97" 46.38+10.39 65.89+15.50 42.08+21.70
Leg curl (kg) 60.85+8.01  85.40+7.30  40.35+23.31° 47.20+11.35 55.68+12.82 17.96+12.95" 48.04+14.65 66.60+15.08 38.64+31.21"
Maximum oxygen uptake
VO,max 35.35+1.69 37.93+1.35 7.3144.19° 34.45+6.23 39.00+6.00 13.21+7.72" 41.07£5.96 46.03£6.41 12.09+£13.59
(mL/kg/min)

*Significant p<0.05 (pre vs post), #Significant p<0.05 (RT vs AT), $Significant p<0.05 (RT+AT vs AT)
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Fig. 3. Change in 1-repetition maximum (A; Lat pulldown, B; Chest press, C; Leg extension and D; Leg curl) before and after 5-week training.
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Fig. 4. Change in maximum oxygen uptake before and after
5-week training. Values are present as mean + SD. *Significant
p<0.05 (pre vs post)

significantly increased in leg extension 1-RM which was
47.67 + 14.85% compared to the AT group (20.37 + 13.97%,
p = 0.01) and the RT+AT group accordingly significantly
increased leg extension 1-RM more than AT group (42.08 +
21.70% and 20.37 + 13.97%, respectively, p = 0.039) (Fig. 3).
In general, the O2max was significantly increased in all three
groups (RT, AT and RT+AT) compared to baseline by 7.31
+ 4.19%, 13.21 £ 7.72% and 12.09 * 13.59%, respectively.
However, there were no significant differences between the
groups (Fig. 4).

Discussion

The present study examined the effects of concurrent
resistance and aerobic training for 5 weeks on body
composition, muscular strength and maximum oxygen
uptake (VO,max) in men with excess weight. Our results
findings showed that the changes in waist circumference
were observed in all groups after 5 weeks of training in this
study, presumably, due to the effects of resistance training,
aerobic training and concurrent training. Overweight and
obese people can increase their physical activities that
consume more energy so that the body burns excess energy
from visceral fat in all three forms of exercise. Particularly,
concurrent resistance training and aerobic training can
increase lean body mass and muscle mass because resistance
training causes muscles to contract against resistance. It also
increases muscle strength. Over several weeks of training,
there is an increase in muscle fibers in number and thickness,
an important part of increasing muscle mass and strength
(Pito et al., 2022). Concurrent training among overweight
or obese people has been demonstrated by Monteiro et al.,
2015 this study reported that the concurrent training was
performed 3 times per week for 20 weeks. The findings
revealed that the body fat can be reduced (Monteiro et al.,
2015). Similarly, a study by Ddmaso et al., 2014 reported
that the AT + RT group showed better results in terms of
decreased body fat mass and visceral fat and increased
body lean mass unlike the AT group, which are consistent
with the results of the present study. It may be because the
development of body composition is related to balance and
energy metabolism. As for concurrent training, the body uses
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both anaerobic and aerobic energy systems. In terms of the
principle of variety, the concurrent training group was given
the same exercise posture as the resistance training group,
but adding aerobic training made the training less boring
than the single-mode training group. To see a clear change
effect, the training duration and the frequency per week
should be increased. It was also found that exercise training
with nutrition control has contributed to an increase in fat-
free mass and skeletal muscle mass (Damaso et al., 2014).

An increase in the 1-repetition maximum was found
the largest in the RT group and the smallest in the AT group
while the RT+AT group was similar to the RT group. It
may arise because of the resistance training uses weights to
put stress on the muscles, resulting in increased thickness
and strength in the muscle fibers. This is consistent with
a study by Khalafi et al. (2022) found that the concurrent
training versus aerobic or resistance training group in which
increased upper-muscle maximal strength compared to
aerobic training alone. In addition, the maximal strength
in the leg extension of the concurrent training group
improved better than the aerobic training group which
likely involved enhancements in neuromuscular function
in the concurrent training group. Moreover, the aerobic
training group did not practice leg extension during the
program and the neuromuscular strength of this part was
not developed (Khalafi et al., 2022). Schoenfeld et al., 2019
reported that training for muscular strength does not
require high-volume training. A minimum of 13 min in a
strength training session is sufficient for maintaining and
developing muscle strength (Schoenfeld et al.,2019). In this
study, the concurrent resistance plus aerobic training group
had to do resistance training at moderate-volume training,
but there was change in 1-RM. This is consistent with the
study of Wewege et al. (2017). They found that short-term
high-intensity training and moderate-intensity continuous
training had no different effect on aerobic training for
improvements of body composition (Wewege et al., 2017).
That is, the high-intensity training group spent 40% less
training time than the moderate-intensity continuous
training group. Both high-intensity training and moderate-
intensity continuous training showed similar effectiveness
across body composition and fat mass reduction. However,
in strength training, the training volume did not have much
effect on the increase in 1-RM. A study by Krieger (2009)
that compared the number of sets in training with increases
in muscle strength found that 2-3 sets per exercise increased
by 46% greater strength gains than 1 set per exercise. Also,
there was no significant difference between 2-3 sets per
exercise and 4-6 sets per exercise. Therefore, in this study,
the resistance training group with 3 sets per exercise and
the concurrent group with 2 sets per exercise gained similar
1-RM. Even the AT group who did not receive resistance
training still showed changes which may be due to lifestyle
limitations. That is, 62.5% of the AT group was studying in
Sports and Exercise Science, so they had to do more forms
of physical activity in various courses than general students.
In addition, the principle of progression, which gradually
increased training intensity, may also affect VO,max
(Krieger, 2009).

Concurrent resistance plus aerobic training can develop
VO,max because during the resistance training, the fast-
twitch fibers of the glycolysis-lactic acid energy system

are used, causing the ATP energy system as well as liver
and muscle glycogen, to be used for energy. In moderate-
intensity training with 60-90 seconds of rest between sets,
muscle fatigue from training increases breathing because the
muscles need nutrient- and oxygen-rich blood. In resistance
training, the heart rate was found to increase similar to that
of aerobic training. When performing continuous aerobic
training after a resistance training session, the body is more
ready to warm up the muscles. Consistent with the study
of Khalid et al. (2019) comparing aerobic interval training
and resistance interval training in patients with myocardial
infarction. It was found that the group receiving both aerobic
interval training and resistance interval training showed
an increase in VO,(peak oxygen uptake) after 6 weeks of
training. In addition, the resistance training did not impair
VO,max in any way (Khalid et al., 2019). A study by Khalafi et
al. (2022) also showed that there was a difference in VO,max
in the concurrent resistance and aerobic training group
compared to the resistance training group. This indicates
that VO,max can be enhanced by concurrent resistance and
aerobic training. That is, if continuous resistance training is
combined with aerobic training, it will not adversely affect
the improvement of VO,max. However, the aerobic training
group showed slower improvement in the VO,max (Khalafi
etal., 2022). Increasing VO,max alone cannot make a person
develop allaspects of physical fitness. The duration of training,
intensity and frequency of training must be considered to
suit each individual. Especially among overweight and obese
people, concurrent resistance and aerobic training is an
effective and safe alternative, which can be performed easily,
to improve physical fitness and promote overall health.

Conclusions

Concurrent resistance and aerobic training improved
body composition by reduction in the waist circumstance,
increasing fat-free mass and skeletal muscle mass and
improving the 1-repetition maximum similar to that of
resistance training. It also improved VO,max in overweight
and obese students. Therefore, the concurrent resistance and
aerobic training was not interfering with either muscular
strength or cardiovascular endurance development. This
training method could be an alternative training program
for improving and enhancing protective factors to promote
the health and well-being for excess weight students.

Acknowledgment

We are grateful for the financial support from the Ubon
Ratchathani Rajabhat University for this project. We would
also like to thank all the participants who volunteered in
this study and the Program of Sports and Exercise Science,
Faculty of Science, Ubon Ratchathani Rajabhat University
that provided relevant equipment used in this study.

Conflict of interest

The authors declare that they have no conflict of interest.

References

Mistry, S. K., & Puthussery, S. (2015). Risk factors of
overweight and obesity in childhood and adolescence

394



Namboonlue, C., Namboonlue, S., Sriwiset, P, et al. (2023). Effects of Concurrent Resistance and Aerobic Training on Body
Composition, Muscular Strength and Maximum Oxygen Uptake in Men with Excess Weight

in South Asian countries: A systematic review of the
evidence. Public Health, 129(3), 200-209.
https://doi.org/10.1016/j.puhe.2014.12.004

WHO (2020). “Overweight and obesity”, in Health at a Glance:
Asia/Pacific 2020: Measuring Progress Towards Universal
Health Coverage. Paris: OECD Publishing.

Shaw, K. A., Gennat, H. C., O'Rourke, P., & Del Mar, C. (2006).
Exercise for overweight or obesity. Cochrane Database of
Systematic Reviews, 2010(1).
https://doi.org/10.1002/14651858.CD003817.pub3

ACSM (1995). American college of Sports Medicine. Principles
of Exercise Precription. William & Wilkins, (5).

Schoenfeld, B. J., Contreras, B., Krieger, J., Grgic, J., Delcastillo,
K., Belliard, R., & Alto, A. (2019). Resistance Training
Volume Enhances Muscle Hypertrophy but Not Strength
in Trained Men. Medicine & Science in Sports & Exercise,
51(1), 94-103.
https://doi.org/10.1249/MSS.0000000000001764

ACSM (2002). Progression models in resistance training for
healthy adults. Med Sci Sports Exerc, 34(2), 364-80.

Hunter, G. R., Fisher, G., Neumeier, W. H,, Carter, S. J., &
Plaisance, E. P. (2015). Exercise Training and Energy
Expenditure following Weight Loss. Medicine ¢ Science
in Sports & Exercise, 47(9), 1950-1957.
https://doi.org/10.1249/MSS.0000000000000622

Carnier, J., Mello, M. T. de, Ackel-D’Elia, C., Corgosinho, E C.,
da Silveira Campos, R. M., de Lima Sanches, P., Masquio,
D. C. L., Bueno Junior, C. R, Ganen, A. de P,, Martins, A.
C., Caranti, D. A,, Tock, L., Clemente, A. P. G, Tufik, S.,
& Damaso, A. R. (2013). Aerobic training (AT) is more
effective than aerobic plus resistance training (AT+RT)
to improve anorexigenic/orexigenic factors in obese
adolescents. Appetite, 69, 168-173.
https://doi.org/10.1016/j.appet.2013.05.018

Geoffrey, C. (2017). Concurrent training Science and
Practical application. Retrieved from https://

gcperformancetraining.com/gc-blog/concurrent-training.

Pito, P. G., Cardoso, J. R., Tufano, J., & Guariglia, D. (2022).
Effects of Concurrent Training on 1RM and VO,
in Adults: Systematic Review with Meta-analysis.
International Journal of Sports Medicine, 43(04), 297-304.
https://doi.org/10.1055/a-1506-3007

Antonio, J., Ellerbroek, A., Silver, T., Orris, S., Scheiner, M.,
Gonzalez, A., & Peacock, C. A. (2015). A high protein
diet (3.4 g/kg/d) combined with a heavy resistance
training program improves body composition in healthy
trained men and women - a follow-up investigation.
Journal of the International Society of Sports Nutrition,
12(39), 1-9. https://doi.org/10.1186/s12970-015-0100-0

Monteiro, P. A., Chen, K. Y,, Lira, E S., Saraiva, B. T. C,,
Antunes, B. M. M., Campos, E. Z., & Freitas, I. E (2015).
Concurrent and aerobic exercise training promote similar
benefits in body composition and metabolic profiles in
obese adolescents. Lipids in Health and Disease, 14(153),
1-9. https://doi.org/10.1186/s12944-015-0152-9

Khalafi, M., Sakhaei, M. H., Rosenkranz, S. K., & Symonds,

M. E. (2022). Impact of concurrent training versus
aerobic or resistance training on cardiorespiratory fitness
and muscular strength in middle-aged to older adults:

A systematic review and meta-analysis. Physiology &
Behavior, 254, 113888.
https://doi.org/10.1016/j.physbeh.2022.113888

Démaso, A. R., Campos, R. M. D. S., Caranti, D. A., de Piano,
A., Fisberg, M., Foschini, D., Sanches, P. D. L., Tock, L.,
Lederman, H. M., Tufik, S., & de Mello, M. Ttd. (2014).
Aerobic plus resistance training was more effective in
improving the visceral adiposity, metabolic profile and
inflammatory markers than aerobic training in obese
adolescents. Journal of Sports Sciences, 32(15), 1435-1445.
https://doi.org/10.1080/02640414.2014.900692

Wewege, M., van den Berg, R., Ward, R. E., & Keech, A.
(2017). The effects of high-intensity interval training
vs. moderate-intensity continuous training on body
composition in overweight and obese adults: A systematic
review and meta-analysis: Exercise for improving body
composition. Obesity Reviews, 18(6), 635-646.
https://doi.org/10.1111/0br.12532

Krieger, . W. (2009). Single Versus Multiple Sets of Resistance
Exercise: A Meta-Regression. Journal of Strength and
Conditioning Research, 23(6), 1890-1901.
https://doi.org/10.1519/JSC.0b013e3181b370be

Khalid, Z., Farheen, H., Tariq, M. 1., & Amjad, 1. (2019).
Effectiveness of resistance interval training versus aerobic
interval training on peak oxygen uptake in patients with
myocardial infarction. ] Pak Med Assoc, 69(8), 1194-1198.

BMJInB OAHOYACHUX CUNTOBUX TA AEPOBHUX TPEHYBAHDb
HA KOMNO3UUIIO TUIA, M'A30BY CUNTY TA MAKCUMAJIbHE
CNOXMUBAHHA KUCHIO B YOJIOBIKIB I3 HAAMIPHOIO BAIrolo

Yaiiasar Ham6ynmye'**PE, Capoua Ham6ynnye'4*%, Ilamakops IlIpiBicer
Ikaiicyk'C, Apynsa Byrrivak®®“, Harra MyaHrpiggey

'Y6onparuarxaHChbKUIT yHiBepcuTeT Papkabxar
*Y6oHpaTYaTXaHChKMIT YHiBEpCHUTET
*YrrapapiTchkumit yHiBepcuTeT Pamkabxar
‘HaxxoHcaBaHCbKMiT yHiBepcuTeT Papkabxar

1BC TIkiTTiMa
3P, Bicyrriga Cenmxan*?

ABTOpCHKNMIT BKIAJ;: A — Iu3aiiH gocnimpkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip komrris

Pedepar. Crarts: 7 c., 2 Tabn., 4 puc., 16 mxepern.

MerTox0 KOCTiKeHHs G0 MOPIBHATH BIUIMB OFHOYACHNUX CIIOBMX Ta aepOOHNX TPeHYBaHb i3 jile CUIOBMUM Ta/abo ae-
POOGHUM TpeHYBaHHAM Ha KOMITIO3MII{IO Ti/la, M'sI30BY CMTy Ta MAaKCHMaJIbHe CIIOXKMBAHHS KUCHIO B YOJIOBIKiB 13 Ha/]MiPHOIO Baroo

Ta OKMPIiHHAM.
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Marepianu Ta MeTogu. [IBafusITh YOTVPY JOOPOBOIIBIL 3 HA/IMIIKOBOW Barow ta oxupinaam (IMT = 23,0-29,9 kr/m?), Bi-
KoM 19-22 poku, 4011oBivoi cTarti, AKi 6y/m cTygeHTamMn yHiBepcuteTy YooH Pavarani Papkabxar (Tainany), 6ymu posnozineHi Ha
3 rpynu: 1) rpyna cunosux tpenysanb (CT), 2) rpyna aepobunx tpenysanb (AT) i 3) rpyma ofHOYAaCHUX CUIOBMX Ta aepOOHMX
tpenyBanb (CT+AT). TpenyBanHs TpruBano 45 XBIWINH Ha 3aHATTS Ta 2 [HI Ha TIDKAeHb. KoMmosuuito Tina pasoM i3 M 308010
cnnomo (1-RM - 1-moBTOp MaKCMMYM) Ta MaKCHMaabHIM CIIOXMBaHHAM K1cHIO (VO,max) BuMiproBamu fio (3a 2-3 asi) i micna
(gepes 2-3 gHi) 5-TIOKHEBOTO MePiOfY TPEeHYBaHb.

Pesynbraru. OKpy>KHiCTb TajIii 3HAYHO 3MEHIUMIACA B YCiX TPbOX Ipylax, aje rpyna CT+AT Takoxx BUABMIIA IOKPALIEHHS Y
BifjcoTkax Macu Tina 6e3 xxupy (0,49 + 0,49%, p = 0,021, cepeiHe 3HaYEHHS * CTaHJAPTHE BiIXM/IEHH:) Ta MAacU CKeJIETHNUX M A3iB
(1,01 £ 0,95%, p = 0,025) nopiBHsIHO 3 iXHiM 6a30BUM piBHEM. AHAIOIIYHO, TOKa3HMK 1-RM mijj 4ac po3rmHaHHS Hir 3HAYHO 3pic
B yCiX TpbOX rpynax, Togi sk rpyma CT (47,67 £ 14,85%, p = 0,01) i rpyma CT+AT (42,08 £ 21,70%, p = 0,039) nmpopeMoHCTpyBanu
3HAYHO Oi/Ibllle MOKpallleHH: MoKa3HyuKa 1-RM mijf yac po3rnHaHHA Hir mopiBHAHO 3 rpymomo AT (20,37 + 13,97%). Hapeurri, mo-
kasHMK VO,max 3HaYHO 30UIbIIMBCA B YCIX TPHOX I'PyIax (Bifi II0YaTKOBOTO PiBHA [0 PiBH HIC/IA 3aBepIICHHS eKCIIePMMEHTY),
X04a I1i IOKa3HUKM CTaTUCTUYHO 3HAYYIO He BiIPi3HANNCA MK TPyIIaMu.

BucHoBku. OpHOYacHi CH/IOBI Ta aepoOHi TPeHYBaHH MOXKYTb 3MEHILINTI OKPYXXHICTb Tasii Ta 36inpumTn Macy Tina 6es
JKUPY, Macy CKe/IeTHUX M 13iB, mokasHMKM 1-RM Ta VO,max. TaKuM YMHOM, Iis CTpaTeria TPeHYBaHb MOXe CITYTYBaTH KOPUCHUM
a/IbTEPHATUBHIM CIIOCOOOM MOKpAlleHHs 3ara/ibHOI (isndaHOI popMM Ta SMIiLIHEHHSI 3[l0POB’sI YO/IOBIKIB i3 HAAMIPHOIO BAaroo Ta
O>KMPIHHAM.
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Abstract

The purpose of the study was to determine the effectiveness of the use of electronic means created based on
information and communication technologies in coordination testing of the endurance of students with disabilities

who are war veterans in practical physical education classes.

Materials and methods. To solve research problems, scientific intelligence applied the implementation of research
at the theoretical and empirical levels. Analysis, synthesis, generalization, induction, systematization, pedagogical
experiment, methods of mathematical statistics and technical modeling were used. The study involved 46 students

who are war veterans (males aged 29-35).

Results. An electronic mean for determining coordination endurance based on information and communication
technologies and software has been developed. The design of the mean involves the use of mobile and stationary
measuring units and a personal computer. The measuring unit contains analog and digital sensors. Information about
the student’s performance on the test is displayed on the personal computer screen. Approbation of the developed
mean involved establishing the degree of its authenticity by comparing the results of testing the coordination
endurance of students with disabilities who are war veterans implemented using traditional methods of measurement
and the results of testing using the developed mean. The calculation of the reliability and validity of the tests showed
that the recording of control results by electronic means allows ensuring a high level of authenticity of the tests.
Conclusions. The use of the electronic control means of coordination endurance presented in the work allows the
achievement of a high level of reliability of control results in real time. Based on the summaries of the conducted
empirical research, it was established that the introduction of electronic means of control in the process of physical
education of students with disabilities who are war veterans helps to ensure the effectiveness of this process.
Keywords: student with disabilities, war veterans, physical education, testing, control, means, information and

communication technologies, inclusive.

Introduction

Ukrainian society has been in a state of war for several
years in a row. As a result, the number of war veterans in the
country is constantly increasing. Ensuring the opportunity for
war veterans to obtain quality education in accordance with
the characteristics, needs and opportunities is one of the key
priorities of modern Ukrainian social and educational policy.

© Blavt, O, Bodnar, A., Mykhalskyi, A., Gurtova, T., &
Tsovkh, L., 2023.
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Themain componentofsocialinteractionandintegration
of war veterans, among whom there are many people
with disabilities, in higher education is inclusion (Ghosh,
Santana, & Opelt, 2020). Among the main educational
areas of inclusion implementation are the formation and
improvement of motor functions that are impaired as a
result of a pathological process, compensation of the main
defect, and correction of secondary violations that arose
in connection with participation in combat operations
(Barmak, Barmaksezian, & Der-Martirosian, 2021).

There is no doubt that in order to work with students
with disabilities, it is necessary to introduce special methods,
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pedagogical technologies, and adaptive technical means into
the educational process (Page, Anderson, & Charteris, 2021).

Obtaining new scientific data on physical education as
a component of the inclusion of students with disabilities
(Grenier, 2007), whose number in higher education
institutions of Ukraine is currently constantly increasing at
the expense of war veterans, is a social need of Ukrainian
society, which has especially gained importance recently,
in connection with a full-scale invasion of russia on the
territory of Ukraine and prolonged hostilities.

In scientific sources, the potential of physical education
in the inclusion of students with disabilities is analyzed
(Barboza, Ramos, Abreu, & Castro, 2019; Bertills, Granlund,
Dahlstrom, & Augustine, 2018b; Lieberman, & Houston-
Wilson, 2017). It was determined that for such students,
physical activity is fundamental to health and individual well-
being (Klavina, Jerlinder, Hammar, & Soulie, 2014). The role
and place of physical education in the process of formation
of vital skills, full physical and psychological rehabilitation
of war veterans are proven (Jenner, 2017). In contrast to
knowledge, abilities, and skills, in the process of physical
education, the acquisition of experience of independent
activity in the direction of physical improvement based on
universal knowledge by war veteran students is expected
(Hunter-Johnson, 2018).

The work of researchers who analyzed the experience of
thedevelopmentofinclusive physicaleducationinuniversities
is of great importance for our research (Sokurianska,
Bataeva, & Bakirov, 2019; Molina, 2015). Based on the study
of several international documents, it was established that
students with disabilities should not be limited in the process
of physical education, but a differentiated approach should
be applied to them (Blavt, 2022; Malekpour, Isfahani, Amiri,
Faramarzi, Heidari, & Shahidi, 2012).

Certain works are focused on new facts, ideas, and
approaches to the development and implementation of the
process of eliminating health defects in the context of the
progress of information and communication technologies
(ICT) (Gogoi, 2019; Koryahin, Iedynak, Blavt, Galamandjuk,
Prozar, Zaikin, Veselovska, Golub, Kucher, & Gurtova,
2019). The expediency of introducing modern ICT into the
process of physical education of students is substantiated
(Blavt, Iedynak, Pityn, Hluhov, Guska, Stadnyk, Zaikin, &
Karatnyk, 2022; Bhat, Nazir, & Khan, 2018). A number of
works are focused on the application of the potential of ICT
as a control tool in physical education (Koryahin, Mykytyuk,
Turchyn, Blavt, Prystynskyi, & Stadnyk, 2021; Mykytyuk,
Blavt, Hnatchuk, Stechkevych, & Helzhynska, 2022; O’Brien,
Bourne, Heerey, Timmins, & Pizzari, 2019).

Therefore, the current state of development of the content
of physical education of students with disabilities — war
veterans at the current stage is different from what is needed,
and the research is characterized by individual character and
fragmentation. This makes it necessary to carry out further
research in the indicated direction, in particular through
the development (modernization) of innovative practices of
pedagogical content, physical education, and ICT.

The purpose of this study is to determine the effectiveness
of the use of electronic means created based on information
and communication technologies in coordination testing
of the endurance of disabled students of war veterans in
practical physical education classes.

Materials and methods

Research methods

Scientific intelligence involved the implementation of
research at the theoretical and empirical levels. At the same
time, when solving tasks at the theoretical level, general
scientific research methods were used: analysis, synthesis,
generalization, induction, and systematization.

At the empirical level of the research, a pedagogical
experiment, methods of mathematical statistics and
technical modeling were applied in the process of creating
electronic means.

For the assessment of coordination endurance, the ability
to perform complex coordination exercises is monitored
for a certain time without disturbing the rhythm of their
execution, balance, and coordination of movements during
the performance of the test task, specialized test exercises
were used: “Walk to the goal”, “Kopylov’s test” (Bos, 2001;
Columbet, 2014). In the selection of test exercises, it is taken
into account that walking is an important component of the
functional state of the body, taking into account the presence
of disorders in students with disabilities. Taking into account
the above, the test exercise “Walking to the goal” was used
in the study to determine the level of development of the
ability to navigate in space. Carrying out the test. The test
participant is given the opportunity to estimate the distance
to the center of the circle from the starting line during an
arbitrary time. Then they blindfold the student with a tight
bandage and make him walk to the center of the circle at
any pace. At the end of the distance, the test participant
stops on his own and signals the end of the test by raising
his hand. The center of gravity of the body is marked with
chalk between the feet. Result. The distance (measured in
centimeters) from the projection of the body’s center of
gravity, marked on the floor, to the center of the circle.

Kopylov’s test. With the help of the test, the development
of the ability to coordinate hand movements is being tested.
Carrying out the test. The test participant takes the starting
position with the body bent forward, holding the ball in one
hand. At the command “Start!” performs an imaginary figure
eight between the legs at knee level with the ball as quickly as
possible. The ball must be passed from hand to hand. With
an arbitrary amplitude of the hands, the test participant
should not tear off the feet from the floor. To get familiar
with the test, students do 4-5 full “eights” beforehand. One
scoring attempt is allowed. If the ball is released from the
hands, the attempt is repeated. Result. Time to perform ten
“eights”, recorded with an accuracy of 0.1 seconds.

The tests selected by us provide sufficiently reliable
information about the level of development of coordination
endurance. In addition, these are quite simple exercises
that do not require additional complex equipment. In
the selection of test exercises, it is taken into account that
walking is an important component of the functional state
of the body, taking into account the presence of disorders in
students with disabilities.

Study participants

The first-year students from Lviv Polytechnic National
University, Kamianets-Podilskyi Ivan Ohiienko National
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University, Educational and Rehabilitation Institution of
Higher Education “Kamianets-Podilskyi State Institute”
took part in a pedagogical experiment. The study involved
46 students — war veterans (males 29-35 years).

Those who were unable to participate in full training
because of an injury, sickness, or any physical complaint
were excluded. All students provided written, informed
consent for their involvement in this study.

The organization of the study took into account the
provisions of the Declaration of Helsinki of the World
Medical Association (WMA-2013) on the ethical principles
of medical research with human participation; the research
protocol was approved by the ethics committee of the Lviv
Polytechnic National University.

Study organization

It provided for the organization of pedagogical testing
using selected test exercises at the beginning of the school
year and at the end of the physical education course. For
this, traditional methods of recording test results were used
and a device for controlling coordination endurance was
developed during the research.

Statistical analysis

The following methods of mathematical statistics
were used for the statistical analysis of the research results:
dispersion and correlation analysis to determine reliability
and validity coefficients. The level of reliability of the tests
was established by calculating the correlation coefficient.
Descriptive statistics methods were used to analyze the test
results of the studied sample of students. The work uses SPSS
Version 21.

Results

To carry out scientific research in a certain direction,
we note that people with disabilities have the greatest
requirements in physical development precisely for
coordination endurance, since they are prone to failure
when fatigued due to various “breaks” in the body (Qi, &
Ha, 2012). Coordination is characterized by the ability of
people to control their movements (Hirtz, 1985). It should
be noted that the level of coordination endurance, as a type
of special endurance, is determined not only by the degree of
development of vegetative functions that provide movement
but also by its stability, which acts as a factor of resistance
against fatigue of the neuromotor functions of movement
control (Schielke, 1989).

It has been proven that this quality is already embedded
in every person from birth, but it must be developed by
performing a set of various exercises. In addition, the
effectiveness of all motor abilities limits the development of
coordination abilities, which at the same time are an important
component of physical fitness. Compared to other motor
abilities, coordination endurance is the most multi-component
in terms of structure and measurement, and it is difficult to
control its development (Golle, & Rymarcewicz, 2021).

On the other hand, the control of the development of
coordination endurance using the test exercises defined in
the study depends on the human factor.

The perception of the person performing the control, in
the standardization of compliance with all methodological
requirements that are visually established during the
control, the performance of exercises complex in terms of
the coordination structure during a certain time, when the
main parameters of different dimensions are measured:
maintaining the rhythm of the performance, stability of
posture, coordination of movements, as required by the test
task, can be subjective. The possibility of errors also occurs
when recording results with a stopwatch, ruler, etc.

The developed electronic means for testing coordination
endurance (Fig. 1) uses a mobile measuring unit, which is
placed on the body of a student performing a test task, a
stationary unit, and a personal computer. The measuring
unit contains analog and digital sensors (Hotra, Mykytyuk,
Diskovskyi, Barylo, & Vezyr, 2018), whose function is to
register signals that occur during exercise, a microcontroller,
and a transceiver module (Wojcik, Vistak, Mykytyuk,
Politanskyi, Diskovskyi, Sushynskyi, Kremer, Prystay,
Jaxylykova, & Shedreyeva, 2020).

Results are displayed using the LCD of a personal
computer or mobile telecommunication system, which has a
high-speed interface subsystem in which the received signal

1

Fig. 1. Scheme electronic means in endurance coordination
testing and where: 1 - student, 2 - mobile measuring unit, 3 -
stationary measuring unit, 4 — personal computer

is processed on a real-time scale. In the internal memory of
a personal computer with the use of developed software, it
is provided for the analysis of the received test signals and
their storage.

The microcontroller used to implement the electronic
means contains a classic set of computing elements,
uses a real-time timer, and has a program memory with
the possibility of self-programming. In addition, the
microcontroller provides registration and programmatic
analysis of input information for recording test results and
regulates the components of the developed structure.

To implement the electronic means, the ESP8266 Wi-
Fi wireless communication USB 17 interface was used.
The interface additionally provides the ability to control
the preservation of the execution rhythm, balance, and
coordination of movements.

The study involved determining the degree of reliability
(Vanhelst, Beghin, Fardy, Ulmer, & Czaplicki, 2016) in
three values: within-subject variation, change in mean
value, and test-retest correlation (Tab. 1). Thus, we meant
the repeatability or reproducibility of a measure or variable
(Zanevskyy, & Labartkava, 2020). It is recognized that an
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Table 1. The results and authenticity of control test trials of coordination endurance (n = 46)

Test tasks and measurement results

Statistical parameters

Walking to the goal (cm) Walking to the goal (cm) Kopylov’s test (s) Kopylov’s test(s)
Period of the experiment at the beginning at the end at the beginning at the end
Method of measurement T A T A T A T A
M 53.3 51.6 47.4 423 1.10 1.04 1.00 0.56
S 3.6 2.1 3.6 2.1 0.09 0.06 0.07 0.05
V (%) 42.6 29.1 43.1 24.8 47.4 22.1 45.8 21.5
Reliability( rtt) 0.719 0.911 0.697 0.944 0.715 0.911 0.726 0.926
Validity ( rtt) 0.119 0.239 0.169 0.258 0.155 0.223 0.171 0.226

*Note: T - using the test exercises, A — using the electronic means

important use of reliability is the estimation of sample size
for experimental studies. Since we were interested in the
issue of reproducibility of individual values obtained using
different equipment, but by the same observer. In order to
estimate the standard error under such conditions, it was
considered appropriate to use many students and several
trials rather than one and many trials.

The obtained results of the V(%) indicator when
measured by the traditional method within the limits
(significant variation) indicate that the stability of the test
results is lower than the required metrological standards of
reliability. Intraclass correlation coefficients reliability from
moderate to excellent was observed for all students in the
process of testing by using the test exercises (0.72-0.80) and
using the electronic means (0.85-0.95); coefficients validity
in the process of testing by using the test exercises (0.10-
0.20) and using the electronic means (0.20-0.25). Thus, the
device was sensitive to detect small changes during the test
exercise.

Discussion

Considering that Ukraine has been in a state of martial
law for a year and has been in a state of war for eight years,
the educational community faces new challenges: ensuring
a full-fledged opportunity to receive higher education for
participantsinhostilities,andaboveallforwarveterans,among
whom there are many persons with disabilities. Therefore,
there are many problems with the participation of persons
with disabilities in the educational process in universities,
in particular, when an inclusive perspective is added to the
high-quality teaching of physical education. We agree with
our research (Ghosh, Santana, & Opelt, 2020; Lieberman,
& Houston-Wilson, 2017), that physical education at the
university is one of the main ways of correcting violations
of physical development, motor readiness, and psychomotor
skills of students with disabilities — war veterans.

It has been proven that for students with disabilities to
fully receive quality physical education, opportunities for
evaluating the effects of this process must be created. The
quality of physical education is determined by the quality
of receiving operational reliable information about its
progress (Ivashchenko, Yermakova, Cieslicka, & Sukowska,
2015; Koryahin, Mykytyuk, Blavt, Dolnikova, & Stadnyk,
2020; O’Brien, Philpott, Lester, Belton, Duncan, Donovan,
Chambers, & Utesch, 2021). We support ideas (Koryahin,

Blavt, Vanivska, & Stadnyk, 2020) about the need to use ICT
means in the physical education of students with disabilities,
in particular war veterans, which ensure the urgency and
objectivity of the received control information.

In our study, we considered the possibility of the
application of electronic means, developed using ICT, in
the process control of physical education of students with
disabilities and war veterans as an opportunity to increase
the effectiveness of control and physical education in general.
This expands the available information (Gogoi, 2019;
Mykytyuk, Blavt, Hnatchuk, Stechkevych, & Helzhynska,
2022) regarding the necessity and feasibility of using ICT in
physical education.

We align the research findings with the existing idea
that in addition to providing students with disabilities with
choices about what is assessed, it is possible to provide
options related to how students are assessed (Ivashchenko,
2020). In this sense, it is the parameters of coordination
endurance, which were investigated in the implemented
research, that are the most optimal option for evaluating the
results of physical education of students with disabilities of
war veterans.

Compared to other forms of physical education, there
is a limited amount of research that supports the practice of
inclusion for war veterans in higher education, and although
interest has grown significantly over the past decade, no
experimental research has been conducted in this area to
date.

The works established (Blavt, 2022; Malekpour, Isfahani,
Amiri, Faramarzi, Heidari, & Shahidi, 2012; Stodden,
Langendorfer, & Roberton, 2009), that the construction
of the physical education process based on the results of
permanent control allows to intensify the process of physical
training and increase the efficiency of managing this process.
In connection with the above, the question of the necessity
for each student with a disability an individual trajectory for
his physical education, which is implemented in different
but defined forms, and contributes to the achievement of
a positive result based on the results of objective control, is
actualized.

Conclusions

It was found that since the first use of ICT until today,
this industry is characterized by significant progress and
innovation. As for the educational sector, the use of ICT
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made it possible to reformat the organizational forms of this
process, in particular, physical education. Considering the
intensive development of ICT, the use of their potential in the
educational process of physical education is a determining
factor in ensuring the effectiveness of this process.

Control in physical education is positioned as a mandato-
ry and necessary method of monitoring this process. The ex-
pediency of careful control of coordination endurance, which
in terms of structure and measurement is the most multi-
component and difficult to control its development, in the
physical education of students with disabilities — war veterans
is determined by the objective necessity of carrying out the in-
clusive process in the conditions of an educational institution.

The research paper presents a electronic means of
control of coordination endurance developed based on ICT
in students with disabilities — war veterans. Experimental
practical testing of the electronic means of control, reliability
and validity were determined, the coefficients of which
exceed the obtained control values using test exercises. Based
on the summaries of the conducted empirical research, it
was established that the introduction of electronic means of
control in the process of physical education of students with
disabilities — war veterans helps to ensure the effectiveness
of this process. Improving test results as evidence of the
performance of physical education.

The issue of optimization of physical education involves
such a construction of this process, in which the choice of
means, methods, methods, forms, and pace of learning takes
into account the peculiarities of the motor and functional
readiness of students, the level of their physical development
and state of health, reliable information on this can be
obtained from the results of objective urgent control.
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MeTa gOCTiIKeHHA — HOJra€ y BU3HauYeHHI e(peKTUBHOCTI BUKOPUCTAHHS €1eKTPOHHMX 3aC00iB, CTBOPEHNX HA OCHOBI
iHdopMaliiiHO-KOMYHIKAI[iIHMX TeXHOJIOTiI1, y TeCTyBaHHi KOOPAMHALITHOI BUTPUBAIOCTI CTYHEHTIB 3 iHBa/li/[HICTIO BeTepaHiB
BillHM y IXHPOMY i3V YHOMY BUXOBaHHI.

Marepianu Ta meTopm. [I1s1 BupillleHHA TOCTiIHNIbKIX 3aBIaHb HAYKOBOI PO3BiJiKM, JOCIII>)KeHHS peali3oBaHo Ha Teope-
TUYHOMY Ta EMIIiPMYHOMY piBHAX. BUKOpucTaHo aHais, CMHTES, y3araJlbHEHH, iIHAYKIIid, CUCTeMaTu3allisd, IearoriyHmuii exce-
PUMEHT, METOAY MaTeMaTNYHOI CTATMCTUKM Ta TEXHIYHOTO MOJIE/IIOBAHHA. Y HOCTIi/IKeHHI B35/ y4acTb 46 CTYIeHTIiB — BeTepaHiB
BiitHU (40710BiKM 29-35 POKiB).

PesynbraTu. Po3po6reHo eeKTpOHHMIT 3aci6 [/Isi BM3HAYEHHs KOOPAMHALIIHOI BUTPUBAIOCTI Ha OCHOBI iHdopMaliiiHo-
KOMYHIKAI[i/fHUX TeXHOJIOTil1 Ta mporpaMHoro 3abesmnedeHHs. KoHCTpyKiisa 3acoby nepepdadae BUKOPUCTaHHA MOOIIBHOTO Ta
CTaI[lOHAPHOTO BUMIiPIOBAIbHIX OJIOKIB Ta IEPCOHAIBHOIO KOMIT 0Tepa. BumMiproBambpHuMil 6710K MiCTUTD aHaIoroBi ta ungposi
cexcopu. IHpopmalis Ipo BUKOHAHHA TECTY CTY/EHTOM IIOfJA€ThCA HAa €KPaH IePCOHANBHOTO KOMIT'I0Tepa. Arpobaliist pospo-
0/1eHOTO HPUCTPOIO Iepefdadana yCTaHOBIEHHs CTYIIEHs JI0r0 aBTEHTUYHOCTI, IIJIIXOM HOPIBHAHHS Pe3y/IbTaTiB TeCTyBaHHSI
KOOpAVMHALIIHOI BUTPUBA/IOCTi BUXOBAaHHA CTY[EHTIB 3 iHBAJIiJHICTIO — BETEPAHiB BiliHM peani30BaHOrO 3 BUKOPUCTAHHAM
IefJarorivHMX TECTiB Ta TECTYBAHHsI 3 BUKOPMCTAHHAM po3p0o61eHOro 3acoby KoHTposo. O04ncieHHst Haf{itHOCT] Ta BaITHOCTI
TeCTiB [T0Ka3asIo, 1110 (iKcallis pe3yIbTaTiB KOHTPOJIIO eIEKTPOHHIM 3aCO00M JO3BOJISIE 3a0€3IIeUNTI BUCOKMIL PiBeHb aBTeHTIY-
HOCTI TecTiB.

BucHoBKM. BrkopucTaHHs IpeICTaBIeHOro y poOOTi eIeKTPOHHOrO 3aC00y KOHTPOJII0 KOOPAMHALIITHOI BUTPUBAIOCTI 10-
3BOJIAI€ JOCATTY BYICOKOTO PiBHA JJOCTOBipHOCTI Pe3y/IbTaTiB KOHTPOJIIO B PeXKMMI peasnbHOro 4acy. Ha migcraBi mificyMKiB mpo-
BEJJEHOTO eMITIPMYHOIO HOCTi)KEHHsI BCTAHOBJIEHO, 1[0 BIIPOBA/PKEHHS €/IEKTPOHHNUX 3aC00iB KOHTPOJIIO B IpoLec GisyIHOro
BUXOBAHHA CTY/ICHTIB 3 IHBaJIi/[HICTIO — BeTepaHiB BillHM CIpusie 3abe3IeueHHI0 e()eKTUBHOCTI I[bOTO TIPOLIECY.

KnrouoBi cmoBa: cTyzieHT 3 iHBamigHicTIO, BeTepaH BiltHM, (1)131/1qu BUXOBaHHs, TECTYBaHHA, KOHTPOJIb, 3acio, in)opMauiI?[-
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Abstract

Study purpose. The research goal was to establish if the fat-free mass, chronological age and maturity status are
determinants of physical fitness, and to analyze the development changes of fat-free mass and physical fitness in
concordance with chronological age and maturity status in schoolchildren aged 6 to 14.

Materials and methods. The research was conducted on a sample of 9106 students aged 6 to 14 years. In order to
reach the research goals, the following variables were measured: height, weight, sitting height, fat mass, fat-free mass
and various components of the physical fitness (lower limbs explosive strength, handgrip strength, abdominal muscle
repetitive strength, speed and agility). The values of body mass and biological maturation indexes (APHV) were

obtained by using formulas.

Results. The boys’ age at peak height velocity was estimated at 13.00+0.82, and the girls’ one at 11.57+ 0.68. The
relationships between chronological age and age at peak height velocity with fat-free mass was r=0.82 to 0.94 in the
boys and r=0.83 to 0.92 in the girls. The relationships between fat-free mass and physical fitness tests in the boys
were: standing long jump (r=0.55), 30 sec sit-ups (r=0.37), handgrip strength (r=0.75) and shuttle run 4 x 10 meters
(r=-0.40); and in the girls - standing long jump (r= 0.45), 30 sec sit-ups (r= 0.36), handgrip strength (r= 0.74) and
shuttle run 4 x 10 meters (r= -0.43). The differences in fat-free mass and physical fitness tests were more prominent
when the comparison was done with relation to the biological maturation (APHV) and chronologic age.
Conclusions. On the basis of the obtained results, it can be concluded that maturity status and fat-free mass
determinate the physical fitness performances in the schoolchildren of both genders. Also, the age at peak height
velocity should be used in Physical Education as a tool of monitoring, ranging and classification of physical

performances in children and adolescents.

Keywords: physical fitness, fat-free mass, maturity status, children, adolescents.

Introduction

The analysis of the body mass components are necessary
for understanding what impact the physical growth,
diet effects, diseases and physical activity, among other
environmental factors, have on human’s organism (Valtuena
Martinez et al., 1996). The studies which deal with the body
composition most often investigate absolute and relative

© Kusari, N., Metaj, Z., Myrtaj, N., Georgiev, G., & Gontarey, S.,
2023.
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body mass components, since they change during the period
of growing and biological maturation, so it is necessary to
pay attention when selecting the assessment methods of the
same children and adolescents (Malina & Geithner, 2011).

The body composition components can be determined
by methods on the field or in laboratory. The monitoring of
body composition components in children and adolescents
is of a particular significance in assessing different phases of
growth and maturation (Sherar et al., 2005).

From the perspective of anthropometry, body
composition is normally considered as a two-component
model consisting of fat mass and fat-free mass. Namely, fat
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mass provides information about the increase of body fat in
the person, which associates with a serious risk of several
diseases such as cardiovascular disease, hypertension, insulin
resistance, hyperinsulinemia, total obesity, abdominal
adiposity, deteriorated health skeleton condition and a great
number of metabolic risk factors (Pulgaron & Delamater,
2014; Seidell et al., 1989). Whereas the fat-free component
playsan important role in physical performances (Poortmans
et al,, 2005), body position maintenance and movements in
adults, children and adolescents.

It is known that the body composition proportions (fat
mass and fat-free mass) change during the period of growth
and biological maturation. Therefore, the body composition
components can be determiners when analyzing physical
fitness performances in schoolchildren. In this direction,
physical fitness is a powerful indicator of the health condition
in childhood, adolescence and adulthood alike (Ortega et al.,
2007). For example, the muscle strength and global muscular
fitness have a specific importance in doing different daily
routines and activities throughout lifetime (Thivel et al.,
2016). Agility and speed are the fitness components that are
related to different sports (Farrow, Young & Bruce, 2005;
Uzun et al.,, 2020) and are necessary for the individual to
perform successfully different fundamental motoric skills
and movement models (Couturier, Chepko & Holt, 2014).

Within the teaching of physical education, the physical
performances such as strength, speed and agility are mainly
developed during the learning process depending on the
gender and age. These physical qualities’ development
involves collaborative/ cooperative activities, such as
jumping, running and throwing, which are performed
every day through playing (Milanese et al., 2020). Further,
physical performance is determined not only by the levels of
physical activities (Sola, Brekke & Brekke, 2010), but by the
levels of biological maturation of children and adolescents
as well, since the intensity and duration of puberty period
is individually specific and may significantly vary from one
person to another (Malina, Bouchard & Bar-Or, 2004).

Taking into consideration the fact that the changes
during the growth, development and biological maturation
take place in childhood and adolescence, it is possible for the
maturity status (MS) and the fat-free component level (FFM)
to be determinants of the physical fitness performances in
schoolchildren.

Therefore, the research goal was to establish if fat-free
mass, chronological age and maturity status (APHV) are
determinants of physical fitness performance (strength,
strength endurance, speed and agility), and to analyze fat-
free mass and physical fitness concor with chronological age
and maturity status in Macedonian schoolchildren aged 6
to 14.

Material and Methods

Participants

The research was conducted on a sample 0of 9106 students
aged 6 to 14 years from 19 primary schools (eight rural and
eleven urban) from the East and Central Macedonia. The
total sample of respondents was divided, according to the
gender, into two subsamples (subsample nl = 4573 boys
and subsample n2 = 4443 girls). These two subsamples were

divided into nine groups regarding their chronologic age (6,
7,8,9, 10, 11, 12, 13 and 14 years). The average age of the
respondents of both genders was 10.05+2.41 years. Parents or
legal guardians signed a document that they agreed for their
child to participate in the research. The study protocol was
performed following the ethical guidelines of the Declaration
of Helsinki of 1961 (revision of Edinburgh 2013).

Anthropometric Measurements and Body Composition

The anthropometric measurements were carried in
accordance with the methodology of International Biology
Program (IBP). The weight was taken with medical decimal
weighing scale. The height and sitting height were taken
with a Martin’s anthropometry. During measurements, the
children were in underwear and barefooted. Body mass
index was calculated as body weight in kilograms divided by
the square of height in meters.

Components of body composition were assessed using
bioelectrical impedance. The measuring was conducted with
an OMRON BF511 body composition monitor, by means
of which body weight, muscle mass percentage, body fat
percentage, and fat-free mass were determined. In order to
provide highly precise results from the body composition
assessment, we ensured that the preconditions recommended
by ACSM and Heyward (1992) were fulfilled prior to each

measuring.

Evaluation of Physical Fitness

Four tests, which are part of the national MAKFIT
battery, validated and standardized, were applied in the
following order: Hand grip test, Standing broad jump test,
30 sec sit-ups and Shuttle run: 4 x 10 meters (Gontarev et
al., 2018).

Maturity State

Maturity status was determined using the predictive
non-invasive methods of Sherar et al. (Sherar et al., 2005).
The prediction equation requires measurements of height,
sitting height, and weight together with the birth-date and
gender. This method uses a maturity-offset protocol, allowing
for the prediction of time before or after peak height velocity
from age, age at peak height velocity, and an estimation of
percentage of adult stature attained.

Statistical analysis

The normal distribution of the variables was established
through the Kolmogorov-Smirnov test. The basic descriptive
statistical parameters were calculated for all the variables
(mean and standard deviation). The gender differences were
established through the t-test for independent samples. The
association between the variables was established by the use
of Pierson’s coefficients of correlation. The differences re-
garding the age and APHV were established with the analy-
sis of the variance and Turkey’s test of specificity. Also, the
calculation was made about the coefficients of determina-
tion r? and standard error of estimation. In all calculations,
p < 0.05 was considered. All the analyses were performed
using the Statistical Package SPSS, v. 22.0 for Windows.
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Results

The anthropometric measures, physical fitness
performances and body composition of the examined
respondents’ sample are presented in Table 1. The inspection
of the Table shows that between the girls and boys there are
not statistically significant differences to be established in the
variables of years (p = 0.107) and sitting height (p = 0.642).
The boys demonstrate higher values in: peak years of growth
velocity, weight, height, body mass index, body fat expressed
in kilograms and the fat-free component (p<0.001). Along
with that, boys achieve better results in the fitness tests:
standing long jump, 30 sec sit-ups, handgrip strength and 4
x 10m shuttle run (p <0.001).

The relations between the tests for physical fitness
assessment with chronological age, fat-free mass and age
at peak years of growth velocity are presented in Table 2.
All the tests for assessing physical fitness were statistically
significantly related to chronological age, fat-free mass
and peak years of growth velocity. With the boys, the
determination coefficients (r2) ranged as follows: in the test
of “standing long jump” from 30 to 48%; for the test of “30 sec
sit-ups” — from 14 to 27%; for the test of “handgrip strength”
- from 52 to 58%; and for the test of “4 x10 meters shuttle
run” - from 16 to 31%. With the girls, the determination
coeflicients were relatively lower. As for the test of “standing
long jump’, the coefficients ranged from 20 to 32%; for the

Table 1. Anthropometric profile, body composition and physical performance of the sample studied

Boys (n=4573)

Girls (n=4443)

Mean SD Mean SD ¢ P
Age (years) 10.09 2.39 10.01 2.44 1.61 0.107
MS (APHV) 13.00 0.82 11.57 0.68 90.38 0.000
Anthropometry
Height (cm) 144.58 15.67 143.27 14.68 4.08 0.000
Sitting height (cm) 76.00 7.31 75.93 7.37 0.47 0.642
Weight (kg) 42.41 15.48 40.88 14.04 4.93 0.000
BMI (kg/m?) 19.65 4.00 19.38 3.95 3.16 0.002
Body composition
Fat mass (kg) 9.77 6.24 10.38 6.61 -4.48 0.000
FFM (kg) 32.64 11.12 30.50 8.41 10.33 0.000
Physical fitness
Standing long jump (cm) 140.87 32.03 120.09 24.33 34.60 0.000
30 sec sit-ups (n) 15.33 5.74 12.78 5.36 21.74 0.000
Handgrip strength (kg) 24.71 16.43 20.14 12.05 14.54 0.000
4x10 m shuttle run test (sec) 13.95 2.00 15.12 2.04 -27.46 0.000

t, Student’s t-value, MS, maturity stage, APHYV, peak growth velocity years, BMI, body mass index, FFM, fat-free mass.

Table 2. Relationship between physical fitness tests with fat-free mass and maturity status in schoolchildren of both sexes

Physical fitness LU ‘endent Boys Girls
variable r r’ SEE p r r’ SEE p
Standing long jump (cm) Age (years) 0.70 0.48 23.02 0.000 0.57 0.32 0.32 0.000
MS (APHV) 0.66 0.43 24.11 0.000 0.54 0.30 20.42 0.000
FFM (kg) 0.55 0.30 26.80 0.000 0.45 0.20 21.76 0.000
30 sec sit-ups (n) Age (years) 0.52 0.27 4.90 0.000 0.45 0.20 4.79 0.000
MS (APHV) 0.47 0.22 5.07 0.000 0.43 0.18 4.85 0.000
FFM (kg) 0.37 0.14 5.34 0.000 0.36 0.13 5.01 0.000
Handgrip strength (kg) Age (years) 072 052 1139 0000 072 051 842 0.000
MS (APHV) 0.76 0.58 10.65 0.000 0.76 0.57 7.89 0.000
FFM (kg) 0.75 0.57 10.83 0.000 0.74 0.55 8.10 0.000
4 x10 m shuttle run test (sec) Age (years) -0.56 0.31 1.66 0.000  -0.52 0.27 1.74 0.000
MS (APHV) -0.50 0.25 1.73 0.000  -0.50 0.25 1.76 0.000
FFM (kg) -0.40 0.16 1.83 0.000  -0.43 0.18 1.84 0.000

MS, maturity stage, APHV, peak years of growth velocity, SEE, standard error of estimation, 1, correlation, r2, coefficient of determination
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Fig. 1. Mean FFM values of children and adolescents by chronological age and maturity status.*, significant difference
in relation to girls

test “30 sec sit-ups” — from 13 to 20%; the test “handgrip
strength” — from 51 to 57%; and the test “4 x 10 meters
shuttle run” - from 18 to 27%. The relationships between
chronological age, age at peak height velocity and fat-free
mass were r=0.82 to 0.94 in boys and r=0.83 to 0.92 in girls.

Chart 1 represents the comparisons of fat-free mass with
reference to the chronologic age and peak years of growth
velocityin both genders. In the comparisons by chronological
age, differences are observed from 12 to 14 years (p < 0.05),
however, when compared by maturity status, the differences
are significant in all peak years of growth velocity (from
-5APHV to +2APHYV) (p < 0.001).

The comparisons of physical fitness performances
to chronologic age and peak years of growth velocity are
represented in Chart 2. Inspecting the chart, it is obvious that
statistically significant differences (p >0.05) were established
in all of the physical fitness tests between the boys and girls
of all age categories. Also, statistically significant differences
were established on all APHV levels between the boys and
girls in all physical fitness tests. In general, the use of the
peak years of growth velocity allows a better categorization
of the performance of the children and adolescents studied.

Discussion

The first research goal was to establish if fat-free mass,
maturity status and chronological age are determinants of
physical fitness performance (explosive power of lower limbs,
handgrip strength, abdominal muscle repetitive strength,
speed and agility) in Macedonian schoolchildren aged 6 to
14. The results showed a moderate relationship between fat-
free mass, maturity status and chronological age with the
physical fitness tests for assessing the explosive power of the
lower limbs, absolute handgrip strength, abdominal muscle
repetitive strength, speed and agility in both genders.

The obtained study results are in accordance with
previous study works, where it is established that the physical
fitness of children and adolescents is under the influence of
of different factors, such as gender, age, body composition,
biological maturation phase, physical activity level, apart
from other factors (Malina, 2005; Malina, Bouchard, & Bar-
Or, 2004).

Generally speaking, these relationships are explained
due to the fact that the maximal power, explosive power,

muscle strength, speed and agility are presented in a
series of motor actions that must be developed efficiently.
Therefore, the result of these tests is reflected in the
performance and depends on the acquired muscle strength
levels. Consequently, the muscle strength is defined as an
ability of manifesting maximum strength in the shortes
period of time, which is of crucial importance for a wide
range of activities, such as running, jumping, exeleration
and throwing, whereby all the tests in the present research
depend on the fat-free mass (Beaudart et al., 2019; Avcin et
al., 2023).

The research results indicate that chronological age, age
at peak height velocity and fat-free mass during childhood
and adolescence have a positive effect on physical fitness
performances. A large number of research studies indicate
that the proper muscle mass maintenance has important
implications in everyday life and is of essential importance
in performing activities of daily living (Thivel et al., 2016)
and provides great benefits related to health (Smith et al,,
2014).

A considerable number of previous research works
point that the high level of fat-free mass can increase the
insulin sensitivity (Nam et al., 2001; Berman et al., 2012),
and the low level of the muscle mass is associated with a
great number of metabolic risk factors and insulin resistance
(McCarthyetal.,2014; Cohenetal.,2014). In this connection,
the preservation and increase of skeleton muscle mass in
childhood and adolescence shod be a constant care on the
part of Physical Education teachers and parents. It is because
maintaining the optimal skeleton muscle mass in childhood
and adolescence can improve peak muscle mass and bone
strength (Liu et al., 2019), and it has a positive effect on the
physical performances.

The second research goal was to analyze fat-free mass and
physical fitness performances in relation to chronological
age and maturity status. The results showed coherence
between the two indicators because the analysis based on
both chronologic age and maturity status (through APHV)
showed significant differences between the two genders,
but the gender differences were more prominent when the
analysis was done based on the maturity status (through
APHYV). Also, as the chronologic age and maturity status
were increasing, the level of all fitness components increased
too. Data from cross-sectional studies confirm our findings
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in as much as physical fitness enhancements were reported
in groups of increasing age (Santos et al., 2014; Catley &
Tomkinson 2013; Woll et al., 2011).

The research results suggest that the assessment
and monitoring of fat-free mass and physical fitness
performances of children and adolescents should be carried
out with control of maturity status since this type of somatic
maturation’s indicator is often determined with regression
equations that are specific for the age and gender (Moore et
al., 2015), which aim to classify the state of maturation by
APHYV.

In general, it is considered that school children can have
advantages or disadvantages in physical fitness testing by
being more or less mature than their chronologically age
matched counterparts. Thus, the control of time and rate of
growth is of a significant importance, having in mind that
the maturation is highly individual and asynchronous with
the decimal age during the adolescence (Malina, Bouchard
& Bar-Or, 2004). Therefore, it is of a crucial significance to
classify schoolchildren according to their maturity status,
especially if we wish to analyze the relation between fat-free
mass and physical fitness.

In this respect, the schoolchildren of same chronological
age differ considerably in their maturity status, so that
there are differences in the height, weight, fat mass and fat-
free mass between the adolescents of earlier maturation
compared to those of average and late maturation. Actually,
the adolescents who reach later maturation have in general
lower functional and physical characteristics (i.e. more
linear physique, lower values of the absolute and relative fat
component) than their average and accelerated maturing
counterparts.

Infact,asitisnotedin Graphs 1 and 2, the greatest changes
are observed after the APHV level forward, especially in fat-
free mass, lower limbs explosive power, handgrip absolute
strength, and speed and agility. Consecutively, the girls show
poorer performances, whereas the boys keep improving
their performances as they mature further.

It is known that often during the classes of Physical
education and sport the motor actions of deceleration,
acceleration, change of direction, jumping and bouncing
require the ability of speedy absorbing and manifesting
both unilateral and bilateral strength, and it is during these
activities that many boys and girls may show different
physical performance results due to children’s different
rhythm of maturation.

That is why it is necessary to introduce control of
maturity status in classes of Physical Education and sports
practice, since this indicator can contribute for adequate
classification of schoolchildren. The mentioned is also
considered to be a powerful indicator in classification of
working groups, especially it comes about variables that
refer to strength physical capacity, speed, agility and strength
endurance, respectively (Malina, Bouchard & Bar-Or, 2004).

The present study has certain advantages, having
in mind that it is one of the first studies conducted in
the R. N. Macedonia which was held on a great sample
of respondents (from 6 to 14 years of age), where, apart
from the chronological age, the maturity status was also
taken into consideration. Along with that, the sample
selection and reliability of fitness tests and anthropometric
measurements allow generalizing the results to contexts with

similar characteristics. On the other hand, the transversal
character of the research is noticed as a main limitation,
since longitudinal research works enable the investigators to
establish the cause-and-effect relationships, and even to check
the changes in course of time. The maturity status control by
the use of non-invasive method (the anthropometric one)
can cause small prejudices in the results, yet, in the absence
of other methods, the authors think that the application of
this method is compatible. Along with that, this method
has been applied in a greater number of previous research
studies and it has appeared to be valid and reliable (Mirwald
et al., 2002; Marinho et al., 2020; Cossio-Bolafios et al., 2021;
Avcin et al., 2023).

Conclusions

On grounds of the obtained results, it can be concluded
that fat-free mass, chronological age and maturity status are
determinants of physical fitness performance (lower limbs
explosive power, absolute handgrip strength, abdominal
muscles’ repetitive strength, speed and agility). Perhaps
maturity status should be introduced in Physical education
and sport as a tool for classification of physical fitness
performances, especially with schoolchildren before and
during the adolescence phase, since it ostensibly reduces
physical and anthropometric differences in relation to
chronological age.
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Abstract

Study purpose. The purpose of this study was to evaluate the acute effect of deep dry needling (DP) on lower-limb
muscle strength-related variables in CrossTraining recreational athletes with latent trigger point (TrP).

Materials and methods. A total of 19 healthy CrossFit®-trained males (27.8 [4.7] years; 79.8 [10.4] kg; 1.76 [0.07] cm)
with myofascial TrP in quadriceps, gluteus or gastrocnemius muscles completed this repeated-measures triple-blind pilot
clinical trial. Participants were randomly allocated into either experimental (EG, n = 10) or Sham (SG, n = 9) groups. After
allocation, the assessment of lower-limb muscle power (squat jump [S]] and countermovement jump [CM]]) and maximal
isometric hip abduction and quadriceps strength were measured at baseline and after 48 hours of the intervention.
Results. The results are expressed as A (SD) [95% CI]; unbiased Cohen’s d [d,u, 95% CI]). DN has been shown to
reduce the presence of muscle TrP. The maximal isometric hip abduction strength had a moderate-to-high significant
increase in the EG (left: 21.5 (16.9) [9.42, 33.57]; 0.55 [0.19, 0.99], right: 20.3 (16.2) [8.70, 31.89]; 0.74 [0.25, 1.35]);
however, the Sham group only showed significant improvement in the left hip abductor muscles 15.77 (15.37) [3.96,
27.59]; 0.57 [0.11, 1.12]) with no significant changes in the right side.

Conclusions. The acute reduction of myofascial TrP was observed with the application of DN but had no significant
effect on maximal isometric strength or jump height compared to the Sham group. Results of this pilot clinical trial

can be used to commission future research.

Keywords: dry needling, muscle strength, trigger point, trigger area.

Introduction

CrossTraining is a high-intensity functional training
modality, which has had a fast growth worldwide with
CrossFit® as the most popular registered trademark (with
presence in 142 countries and more than 10,000 affiliates)
(Claudino et al., 2018). This discipline is characterized by
the execution of high-intensity interval training (HIIT)
with external loads or the body mass itself, so that physical
performance depends largely on the ability to generate

© Rojas-Jaramillo, A., Quintero-Lotero, D., Garcia-Torres, C.,
Petro, J.L., & Bonilla, D.A., 2023.
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muscle strength (Claudino et al., 2018). Although no direct
data have been reported on the prevalence of myofascial
pain syndrome in CrossTraining, de Almeida et al. (2019)
suggested that this modality might evoke in myofascial pain
syndrome which is associated to CrossFit®-related spinal
injuries (de Almeida, Carvalho, & Ribeiro Neto, 2019).
This makes sense considering the moderate prevalence
of this condition in Spinal Disorders (Chiarotto, Clijsen,
Fernandez-de-Las-Penas, & Barbero, 2016) and in neck and
shoulder-related disorders (Ribeiro et al., 2018).

Myofascial pain syndrome is characterized by symptoms
and signs generated by trigger points (TrP) in the body in-
cluding muscle pain (referred pain), decreased range of mo-
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tion, uncoordinated movements (changes in motor patterns),
muscle fatigue, delayed muscle relaxation and recovery, and
spasms (de las Pefas, 2013). TrP are discrete, focal, hyperir-
ritable spots located in a taut band of skeletal muscle that may
be spontaneously painful (i.e., active) or only painful with
compression (Shah et al., 2015). The prevalence of myofascial
pain syndrome, and TrP, is high among physically active indi-
viduals and athletes (Fett, Trompeter, & Platen, 2019; Hidal-
go-Lozano et al,, 2013; Noormohammadpour, Farahbakhsh,
Farahbakhsh, Rostami, & Kordi, 2018; Skootsky, Jaeger, &
Opye, 1989) with significant differences of the anatomical dis-
tribution according the sport discipline (Park et al., 2010).
This has been associated to changes in muscle status including
alterations on intracellular Ca2+ levels, reactive oxygen spe-
cies production, and decline in force production (Jafri, 2014).

Evidence of low to moderate quality suggests that dry
needling (DN) can be an effective strategy for eliminating
myofascial TrP (Mayoral del Moral, 2005). In fact, having
latent TrP has been shown to generate strength losses while
their treatment and elimination have shown an increase in
strength levels (Calvo-Lobo, Pacheco-da-Costa, & Hita-Her-
ranz, 2017; Cubukcu, Alimoglu, Samanci, & Gurbuz, 2007;
Lisinski & Huber, 2017). Notwithstanding, evidence is not
clear in this regard (Espejo-Anttnez et al., 2017) and more
high-quality clinical studies are needed (Gattie, Cleland, &
Snodgrass, 2017). Some authors have even suggested that this
practice may be detrimental to strength because of the pain
it causes (Prado, 2017). So far, most of the studies have been
carried out on upper limbs and there is a need for further
work with athletic population. Therefore, the aim of this study
was to evaluate the acute effects of DN versus placebo (sham)
on lower-limb muscle strength in CrossFitters with latent TrP.

Materials and methods

Trial design

This was a double-arm triple-blind (participants, the
evaluator, and the data analyzer) and repeated-measures
randomized pilot study in trained men. All outcome
variables were assessed before and 48 hours after the
DN intervention. This study is reported according to the
Consolidated Standards of Reporting Trials (CONSORT)
extension to pilot and feasibility trials (Eldridge et al., 2016).

Participants

Healthy Colombian male CrossFitters attending to the
physical fitness center ‘Soy Hakuna' (Envigado, Antioquia),
with latent TrP in gluteal, quadriceps and gastrocnemius
muscles (diagnosed by palpation) were potentially eligible
to participate in this clinical trial. Participants were recruited
on a voluntary basis, and all signed an informed consent
form to be randomly assigned to either the experimental
(EG: dry needling) or placebo (Sham) groups. In the consent,
detailed information was given about the aim of the study,
the measurements to be made, the conditions (comfortable
clothing and features of the anthropometric assessment), and
the approximate duration of the evaluation. All procedures
were conducted in accordance with the ethical guidelines of
the Declaration of Helsinki. Compliance with the stipulations
of the Ministry of Social Protection in Resolution 8430 of

1993 was guaranteed and the study protocol was approved by
the Institutional Review Board at Universidad de Antioquia
(Act N°059, September 12th, 2019).

The inclusion criteria were as follows: a) to have at least
21 year experience in CrossTraining; b) to reside in Medel-
lin or its metropolitan area (including Envigado); c) to have
agreed to participate in the study by signing the informed
consent form; d) to have a Colombian health system affilia-
tion; e) to have latent TrP in quadriceps, gluteal and gastroc-
nemius muscles. Additionally, the following were considered
as exclusion criteria: a) consumption of psychoactive sub-
stances; b) suffering from acute or chronic injuries; c) use of
performance and image-enhancing drugs; d) consumption
of drugs; e) diagnosed with chronic diseases (e.g., diabetes,
hypertension); f) excessive alcohol consumption; g) surgery
or operation during the same month of the interventions; h)
non-attendance to the baseline assessment.

Dry Needling Intervention

A DN intervention was performed by a physiotherapist
expert in this technique. After finding the latent TrP in
each quadriceps, gluteus and gastrocnemius, the subjects in
both groups underwent a DN or Sham session. Following
previously published procedures (Tasoglu, Sahin Onat,
Boluk, Tasoglu, & Ozgirgin, 2017), the patient’s anatomical
location was cleaned with alcohol for asepsis and with 0.40 x
0.25 mm needles a direct deep DN puncture was performed
on the latent TrP (EG). This technique has been shown to
be effective for the improvement in acute pain in myofascial
pain syndrome patients (Yehoshua, Rimon, Mizrahi
Reuveni, Peleg, & Adler, 2022), however, this is the case with
placebo or sham, but the evidence is of low to moderate
quality A similar procedure was performed on the Sham
group subjects but without inserting the needle into the skin
after the guide was placed. The intervention took 15 minutes
with each athlete and was performed in May 2020.

Outcomes

Dependent variables were strength-related variables:
i) lower-limb muscle power through countermovement and
squat jump tests; and ii) maximal isometric hip abduction
and quadriceps strength. All variables were measured after a
5-min warm up that consisted of four rounds of 30 seconds
plank, 10 elbow flexion-extensions, prone cubitus, 10 deep
squats with the hands behind the head.

Mpyofascial trigger points

The physiotherapist performed the evaluation of
latent TrP in the quadriceps, gluteal and gastrocnemius
muscles using flat palpation or pincer grip techniques
according to the diagnostic criteria (the presence of a taut
band, the presence of a tender spot during palpation, and
the reproduction of referred pain during compression)
previously published (Rozenfeld, Strinkovsky, Finestone,
& Kalichman, 2021). As a clinical criterion, a participant’s
improvement was determined when at least three latent TrP
decreased after the intervention. Rozenfeld et al. reported
that the palpation of myofascial TrP is a moderately reliable
diagnostic tool in the hip and thigh muscles and can be used
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in clinical research (Rozenfeld, Finestone, Moran, Damri, &
Kalichman, 2017).

Lower-limb muscle power

Squat jump (SJ) and countermovement jump (CM]) tests
were performed. The assessment protocol was carried out
after the 3-min warm-up described previously. Participants
performed two attempts for each jump test with a 1-min rest
interval between attempts following laboratory procedures
reported in previous articles published by our research
group (Bonilla et al., 2021; Vargas-Molina et al., 2022). The
tests were performed on a jump mat DIN-A2 Chronojump
(Boscosystem®, Spain). This device has been previously
reported to be reliable and valid for measuring vertical jump
height (Pueo, Penichet-Tomas, & Jimenez-Olmedo, 2020).
The highest jump of the two attempts (in centimeters) was
used for statistical analysis using the manufacturer open-
source software https://chronojump.org/es/programal/.

Maximal isometric muscle strength

A strain-gauge force sensor kit (Chronojump,
Boscosystem®, Spain) was used to measure muscle strength.
The characteristics of the force sensor include a maximal
capacity of 500 kg, output impedance 350 + 3 ), insulation
resistance of >2000 MQ and input impedance of 365 £ 5 Q.
Three minutes after the athlete performed the jump tests,
the maximal isometric hip abduction strength was measured
with the subject side lying (Figure 1). For the evaluation
of maximal isometric quadriceps strength, the subject was
seated in position for a 90° knee extension (Figure 2).

Fig. 1. Assessment of the maximal isometric hip abduction
strength. A. Participants were instructed to raise top leg keeping
knee straight while were side lying with a band around ankles.
Source: Taken from Iris Hattiesburg Clinic at shorturl.at/aoPW8
(Accessed on 5 February 2023) under copyright and owned by
VHI Healthcare. B. The band was attached to a force sensor able
to record the maximal isometric strength in real time. Source:
Taken from Chronojump Bosco System® at https://chronojump.
org/product/force-sensor-kit-able-to-add-accessories/ (Accessed
on 5 February 2023)

Fig. 2. Assessment of the maximal
isometric quadriceps strength.
Taken and modified from Stoll,

Huber, Seifert, Michel, and Stucki

(2000)

Force sensor

The following were taken into account to consider
a valid measurement: a) the gauge straps had a standard
distance, so that the length did not vary in either the pretest
or posttest; b) in knee extension, the free leg did not touch
the floor; ¢) in knee extension, the entire back was supported
on the backrest; d) the test was performed with each limb;
e) in both tests, dorsiflexion was allowed while performing
the movement; and f) the participant started by applying
a small force and then increased to the greatest amount of
force possible. Data were collected in Newton using the free
software provided by the manufacturer.

Sample size

Due to the lack of similar studies, a sample size of
10 patients in each group was considered suitable for this pilot
study. Therefore, non-probability sampling (convenience
sampling) was implemented. After the call to participate
in this study, 20 subjects were suitable for eligibility from
the available population (i.e., Cross-trained men attending
the fitness and strength conditioning center ‘Soy Hakuna’
located in Envigado, Colombia).

Randomization

The subjects were randomly assigned to the EG and Sham
groups using the permuted block technique within the Epidat
statistical software (the evaluator did not have access to this
information). This randomization was intended to ensure the
balance of the groups from the beginning of the investigation.
After group assignment, all participants were contacted and
notified of the group to which each one had been assigned.

Blinding

This was a triple blind study. In the evaluation protocols,
the examiners that performed pre- and post-test measure-
ments did not know which group the participants belonged
to while the researcher in charge of the interventions did not
have access to the evaluations; therefore, the investigator in
charge of analyzing the data was blinded The participants
were also blinded, as none of them knew to which group they
belonged (groups were named as A and B) so that all partici-
pants thought they were performing the same intervention.
In the end, there were three blind processes: i) participants,
ii) evaluators, iii) researcher who analyzed the data.

Bias

Valid and reliable instruments were used to control for
reporting bias. Moreover, all participants were subjected to the
same measurement protocol and the evaluators were trained
for these measurements. To control confounding variables,
such as diet, sleep and motivation, the following recommenda-
tions were made: a) subjects should follow their normal diet;
b) subjects should sleep at least seven hours a day during the
days of the study; ) they should not perform strength training.

Statistical Analysis

The descriptive statistics are expressed as mean and stan-
dard deviation (SD). A fourfold contingency table was used
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to represent the set of improvement counts of the latent TrP
in relation to DN versus Sham using the online free software
OpenEpi (www.openepi.com). Based on current recommen-
dations to improve data analysis practices (Martin & Teste,
2022), we implemented an estimation approach following
analytical procedures reported in previous articles published
by the DBSS Research Division (Bonilla, Kreider et al., 2021;
Bonilla, Méndez et al., 2021). Thus, to determine statisti-
cal significance, we examined the 95% ClIs for the difference
between the mean change scores (A = post — pre). If the 95%
CI excludes zero, the difference will attain significance at
the p<0.05 level. Effect size was calculated as unbiased Co-
hen’s d (dunb), considering a result of <0.2 as a small, 0.5 as
a moderate, 0.8 as a large effect, and >1.30 as a very large
effect (Rosenthal, 1996). Estimation plots were generated to
display the repeated measures data across two time points (at
baseline and after eight weeks). A difference-in-differences
(Dift-in-Diff) analysis was performed to compare changes in
the outcome variables between the groups (Cumming, 2013).

Results

A total of 20 participants were potentially eligible;
however, one man of the Sham group did not show up for
the baseline assessment session and was, therefore, excluded

Enrollment Assessed for eligibility (n = 20)

Excluded (n = 0)
+ Not meeting inclusion criteria (n = 0)
+ Declined to participate (n = 0)

Randomized (n = 20)

l Allocation l

1 J
Allocated to intervention GE (n = 10)
+ Received allocated intervention (n = 10)
+ Did not receive allocated intervention (n = 0)

Allocated to intervention GC (n = 10)
+ Received allocated intervention (n = 9)
«+ Did not receive allocated intervention (n = 1)

l Follow-Up l

Lost to follow-up ((n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0) Discontinued intervention (n = 0)

l Analysis l

Analysed (n=9)
+ Excluded from analysis (n = 0)

Analysed (n = 10)
+ Excluded from analysis (n = 0)

Fig. 3. CONSORT flow diagram

Table 2. Test-retest reliability

Table 1. Descriptive information of participants at baseline

EG (n=10) Sham (n=9) P
BM, kg 78.4 (6.54) [70, 92] 81.2 (6.74) [69,91] 0.420
Stature, cm 176 (7.06) [165,190] 177 (5.78) [165, 186] 0.647
BMI, kg/m2 25.4 (1.35) [23.3,28.4] 25.9 (1.17) [24.1, 28.1] 0.421
SJ, cm 37.3(4.41) [31.9,44.4] 36.1 (4.81) [28.1,44.4] 0.606
CM]J, cm 41.1 (3.91) [33.9, 47.2] 41.4 (4.92) [36.5,51.1] 0.864
MVC Hip-L, N 148 (31) [102, 196] 135(24.7) [98,171] 0.318
MVCHip-R,N 154 (26.1) [120,192] 139 (24.9) [101, 174] 0.235

MVC Knee-L, N 406 (83.6) [312, 539]
MVC Knee-R, N 387 (90.3) [253, 520]

412 (83) [279, 579]  0.892
435 (77.5) [309, 560] 0.234

Data is presented as mean (standard deviation) [95% confidence
interval]. BM: body mass in kg; BMI: body mass index;
CM]J: countermovement jump; LL: lower limit;

MVC Hip-L: maximum voluntary contract in left hip
abduction; MVC Hip-R: maximum voluntary contract in
right hip abduction; MVC Knee-L: maximum voluntary
contract in left knee extension; MVC Knee-R: maximum
voluntary contract in right knee extension; N: newtons;

SJ: Squat jump. A two-tailed p value for testing the null
hypothesis of no difference between the two group means is
reported

from the study. The rest of the participants attended and
complied with the intervention without attrition (Figure 3).

Table 1 presents a descriptive analysis of the sample
of participants at baseline without significant differences
between EG and Sham groups while Table 2 shows the
reliability of the tests that were performed.

The results of all variables are expressed as A (SD) [95%
CIJ; dunb [95% CI] and presented in Table 3. After post-
test assessments, there were no significant differences in SJ,
CM]J and the maximal isometric quadriceps (right and left)
strength compared to baseline measures in any group. The
maximal isometric hip abduction strength had a moderate-
to-high significant increase in the EG (left: 21.5 (16.88)
[9.42,33.57];0.55 [0.19, 0.99], right: 20.3 (16.2) [8.70, 31.89];
0.74 [0.25, 1.35]); however, the Sham group only showed
statistically significant improvement in the left hip abductor
muscles (15.77 (15.37) [3.96, 27.59]; 0.57 [0.11, 1.12]) with
no changes on the right side (5.45 (14.51) [-5.70, 16.61]; 0.18
[-0.17,0.57]).

ICC LL UL Mean CV (%) SWC SWC (%)
CM]J 0.99 0.97 0.99 41.10 2.61 2.97 7.22
SJ 0.95 0.89 0.98 37.20 1.03 1.06 2.85
MVC Hip-L 0.87 0.76 0.94 140.30 0.15 0.59 0.42
MVC Hip-R 0.88 0.96 0.99 145.20 0.89 3.59 2.47
MVC Knee-L 0.94 0.87 0.97 407.30 0.06 0.64 0.16
MVC Knee-R 0.98 0.79 0.95 401.40 0.05 0.56 0.14

CMJ: countermovement jump; ICC: intraclass correlation coefficient; LL: lower limit; MVC Hip-L: maximum voluntary contract in left
hip abduction; MVC Hip-R: maximum voluntary contract in right hip abduction; MVC Knee-L: maximum voluntary contract in
left knee extension; MVC Knee-R: maximum voluntary contract in right knee extension; SJ: Squat jump; SWE: smallest worthwhile

change; UL: upper limit
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Table 3. Pre- and post-intervention data on the study variables

Pretest Postest A d,p
Variable Group
Mean (SD) Mean (SD) Mean(SD) [95% CI] 8 [95% CI]
5 (o) EG 37.25 (4.40) 37.48 (3.12) 0.23 (3.27) [-2.10, 2.57] 0.05 [-0.47, 0.59]
cm

Sham 36.13 (4.81) 36.48 (4.32) 0.35 (5.40) [-3.80, 4.50] 0.06 [-0.69, 0.84]

M) (cm) EG 41.08 (3.90) 41.20 (4.17) 0.12 (2.13) [-1.39, 1.64] 0.02 [-0.29, 0.35]
cm

Sham 41.43 (4.91) 39.60 (4.85) -1.82(4.67) [-5.42,1.76] -0.33 [-1.01, 0.28]

EG 148.2 (30.965) 169.7 (39.79) 21.5 (16.88) [9.42, 33.57] * 0.55 [0.19, 0.99]
MVC Hip-L

Sham 134.89 (24.68) 150.67 (25.30) 15.77 (15.37) [3.96, 27.59] * 0.57 [0.11, 1.12]

EG 153.8 (26.12) 174.1 (23.58) 20.3 (16.20) [8.70, 31.89] * 0.74 [0.25, 1.35]
MVC Hip-R

Sham 139.33 (24.89) 144.79 (27.58) 5.45 (14.51) [-5.70, 16.61] 0.18 [-0.17, 0.57]

EG 406.3 (83.58) 454.7 (116.39) 48.4 (85.80) [-12.98, 109.78] 0.43 [-0.10, 1.03]
MVC Knee-L

Sham 411.56 (83.03) 462.89 (101.6) 51.33 (91.89) [-19.30, 121.97] 0.49 [-0.16, 1.23]

EG 386.7 (90.25) 398.4 (110.2) 11.7 (84.02) [-48.40, 71.70] 0.10 [-0.40, 0.63]
MVC Knee-R

Sham 434.67 (77.54) 443.33 (69.03) 8.66 (73.19) [-47.59, 64.92] 0.10 [-0.53, 0.76]

Data is presented as mean and standard deviation (SD). A: post-test — pre-test; d,,;,, unbiased Cohen’s d; CI, confidence interval;
CM]J: countermovement jump; EG: experimental group; MVC Hip-L: maximum voluntary contract in left hip abduction;
MVC Hip-R: maximum voluntary contract in right hip abduction; MVC Knee-L: maximum voluntary contract in left knee
extension; MVC Knee-R: maximum voluntary contract in right knee extension; SJ: Squat jump. * Statistically significant change
(p<0.05)
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Fig. 4. Estimation plots showing pre- and post-intervention values on analyzed variables. Paired data from Experimental (left) and Sham
(right) groups are shown as small circles joined by blue lines. The differences between the initial (pre) and final (post) means are plotted
on a floating difference axis whose zero is aligned with the pre-test mean. The filled pink triangle marks the difference on that axis and
the 95% CI on that difference is displayed. The differences are shown as open triangles on the difference axis. CMJ: countermovement
jump; MVC Hip-L: maximum voluntary contract in left hip abduction; MVC Hip-R: maximum voluntary contract in right hip
abduction; MVC Knee-L: maximum voluntary contract in left knee extension; MVC Knee-R: maximum voluntary contract in right knee
extension; SJ: Squat jump

Figure 4 shows the Gardner Altman estimation plots of Although the analysis of the fourfold (2x2) contingency
the variables that showed a significant pre-post differencein  table with cases of success (pain improvement counts)
each group. showed a statistically significant association (p<0.05)
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Table 4. Statistical results of the fourfold (2x2) contingency table

Dry needling Sham Total
Success 9 1 10
No success 1 8 9
Total 10 9 19
Risk-based* Estimates with confidence intervals at 95%
Point Estimates Confidence Intervals
Type Result Lower Upper Type
Estimated risk in the exposed 90.0 % 57.41 100.0 Taylor series
Estimated risk in the nonexposed 11.11 % 0.0 45.67 Taylor series
Overal risk 52.63 % 31.7 72.67 Taylor series
Risk ratio 8.1 1.262 51.99 Taylor series
Risk difference 78.89 % 51.19 106.6 Taylor series
Etiologic Fraction in the Population 78.89 % 42.86 100
Etiologic Fraction in the Exposed 87.65 % 20.75 98.08
Odds-Based Estimates and Confidence Limits
Point Estimates Confidence Limits
Type Value Lower, Upper Type

CMLE Odds Ratio* 45.82 3.733, 17461 Mid-P Exact

2.824, 3528 Fisher Exact
QOdds Ratio 72 3.842, 1349! Taylor series
Etiologic fraction in pop.(EFp|OR) 88.75% 67.67, 100
Etiologic fraction in exposed(EFe|OR) 98.61% 73.97,99.93

*Conditional maximum likelihood estimate of Odds Ratio. (P)indicates a one-tail P-value for Protective or negative association; otherwise,
one-tailed exact P-values are for a positive association. ® ' 95% confidence limits testing exclusion of 0 or 1, as indicated

between DR and the elimination of TrP (Table 4), there were
no significant differences between the EG and Sham groups
with regards to the change in selected strength variables. The
results of this Diff-in-Diff analysis (DID [95% CI], p value) is
reported in Table 5, Figure 5.

Table 5. Difference-in-differences analysis

Mean

Variable (A-A) DID 95% CI p
SJ 0.35-0.23  0.11 -5.42, 5.65 0.96
cMJ -1.82-0.12 -1.95 -7.84,3.93 0.50
MVC Hip-L 15.77-21.5 -5.72 -46.79, 35.34 0.77
MVC Hip-R 5.45-20.3 14.84 -48.58, 18.89 0.37
MVC Knee-L ~ 51.33-484 293 -125.7,131.55 0.96
MVC Knee-R 8.66-11.7 -3.03  -120.5,114.39 0.96

Difference of differences (DID) for EG (A,) and Sham (A,) groups.
The p value is two-tailed for testing the null hypothesis of
no difference between the two group means with statistical
significance when p<0.05.

Discussion

Considering that strength is a determining capacity
for different sports modalities, including CrossTraining®
(Dexheimer et al., 2019), this study aimed to evaluate for the

first time the acute effects of a DN intervention on lower-
limb muscle power and maximal isometric hip abduction
and quadriceps strength in trained CrossFitters with Latent
TrP. Our main findings showed reduction of latent TrP in
the quadriceps, gluteus, and gastrocnemius muscles when
DN was performed, and DN was not observed to have any
effect on lower-limb muscle power or maximal isometric
quadriceps strength.

Similar to previous reports (Gattie et al., 2017), the
DN intervention was able to clinically reduce the number
of TrP; in fact, our results showed that a participant was
8.1 times more likely to decrease latent TrP when DN was
performed than when it was not (table 4). These findings
are in agreement with literature since DN has shown to be
effective to reduce pain (Kamali, Sinaei, & Morovati, 2019;
Khan, Ahmad, Ahmed, Sadiqg, & Asim, 2021) and to possibly
generate positive changes at the neuromuscular level
(Ceballos-Laita et al., 2021; Perez-Bellmunt et al., 2021). It
should be noted that potential improvements have also been
described in hip or knee osteoarthritis (Jimenez-Del-Barrio
et al., 2022), plantar heel pain or plantar fasciitis (Llurda-
Almuzara et al., 2021) and post-stroke patients (Fernandez-
de-Las-Penas et al., 2021).

The precise mechanisms that cause TrP in skeletal
muscle, as well as the effects that NP has on them, are not fully
understood. However, it is suggested that that TrP may arise
due to a combination of several factors, including alterations
in the excitation-contraction coupling mechanism of
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Fig. 5. Difference-in-difference estimation plots for all variables. This graphic shows the difference (A = post-test — pre-test) of the
differences, which is the calculation of the group means: Experimental (A1) and Sham (A2) groups on selected variables. The effect
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SJ: Squat jump

muscle fibers, elevated intracellular calcium concentrations,
changes in intramyocellular pH, and inflammation
(Perreault et al., 2022; Zhang et al., 2020). In this regard,
Shah et al. (Shah, Phillips, Danoff, & Gerber, 2005) found
through an in vivo microanalytical technique that levels
of inflammatory mediators, such as tumor necrosis factor,
bradykinin, substance P, interleukin-1, and norepinephrine,
were significantly higher in active myofascial TrP compared
with latent or absent myofascial TrP. In this context, DN may
decrease the levels of some of these inflammatory molecules.
For instance, Hsieh et al. (Hsieh, Yang, Liu, Chou, & Hong,
2014) showed that DN induced a reduction in substance
P levels in rabbit muscles. These present results unveil
plausible mechanisms of action of DN on TrP yet warrant
further investigation in human trials. CrossTrainer-type

HIT can potentially serve as a suitable study model, given its
considerable levels of workload demand.

On the other hand, our results showed that the
elimination of TrP through a single session of DN did
not significantly affect lower-limb muscle power (i.e., SJ
or CMJ) or the maximal isometric quadriceps strength in
CrossFitters. Interestingly, significant increases on maximal
isometric hip strength for each limb (+13.1% right; +14.5%
left) were only found in the EG with no differences when
compared to the Sham group which improved solely the left-
limb hip strength. Of note, Haser et al. (Haser et al., 2017)
showed that elite soccer players who received a DN and water
pressure massage intervention for 4 weeks had a significant
effect on knee muscle strength (flexion and extension)
and hip flexion range of motion compared to placebo (an
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inactive laser device with water pressure massage) and the
control group (no intervention).

Consistent with our results, Prado et al. (Prado, 2017)
reported no benefits and even found a reduction in jump
height after acute DN in apparently healthy men, likely due
to changes in electromyographic activity that resulted in
a negative impact on muscle strength. Likewise, a recent
systematic review and meta-analysis (Mansfield et al,,
2019), which included studies involving a diverse range of
populations (e.g., different age ranges, healthy, injured, with
and without surgery), who manifested TrP and received
some form of dry-needling therapy, based on evidence of
moderate to very low quality, that there is no discernible
effect of DN on force production. However, since there have
been few studies evaluating the effects of DN in athletic
populations, more controlled clinical trials in this population
are needed to establish the effects of DN on muscle strength
and its possible mediating mechanisms.

It is important to note that although the results did
not show a significant increase in muscle strength after
DN, latent myofascial TrP were eliminated. This is relevant
because several studies have shown that the presence
of myofascial TrP may be related to a decrease in muscle
strength. For example, Cubukcu et al. (Cubukcu et al., 2007)
reported that the isokinetic and isometric strength levels
of the knee flexors and extensors were lower in groups of
women with fibromyalgia syndrome and chronic myofascial
pain syndrome (who had the presence of TrP), compared
to the control group. Similarly, it has been evidenced that
older adults with myofascial TrP in the shoulder had lower
levels of grip strength (Calvo-Lobo et al., 2017). In studies of
patients with different cervical conditions, it was observed
that the presence of myofascial pain decreased trapezius
strength (Lisinski & Huber, 2017). Moreover, in healthy
adults of both sexes, muscle strength for flexion and scaption
was lower in subjects with TrP compared to healthy subjects
(Celik & Yeldan, 2011). Nevertheless, other authors have
concluded that the presence of latent myofascial TrP may not
affect the upper-limb strength, at least in apparently healthy
non-athletic women (Doraisamy & Anshul, 2011). Although
these studies have a different focus than ours, such as the
type of population, co-morbidities, and musculoskeletal
disorders, they emphasize the negative relationship between
myofascial TrP and decreased strength. However, the causal
relationship between TrP and loss of strength, or whether
strength is immediately restored by the reduction of TrP,
is still unclear. In this sense, based on the mechanisms
of TrP, it can be hypothesized that the elimination of TrP
should increase force production because the muscle would
be in a better physiological state for force generation (e.g.,
for excitation-contraction response, intracellular calcium
management, and reduced inflammation).

Limitations

The limitations of this study were: a) the small sample
size as a pilot clinical trial; b) the non-measurement of
strength before having TrP; ¢) the diagnosis was performed
by palpation and not a more objective one such as
electromyography; d) only one DN intervention session was
performed; and e) the study was conducted with a single
post-test measurement.

Future directions

Considering the need to obtain a higher level of
quality of evidence for the effects of DN on TrP and force
production-related outcomes, more randomized clinical
trials in athletic populations are required, incorporating a
more robust assessment of TrP and muscle strength over the
medium to long term. To achieve this, we propose a more
sensitive assessment of myofascial TrP, using techniques
such as electromyography, histochemical analysis, and/
or micro-analytical methods. Additionally, since muscle
strength is influenced by various variables, it should be
evaluated considering aspects such as interaction with other
factors (e.g., type of training, fatigue, fitness level), changes
over time, and their impact on performance and health. This
would not only enable us to analyze the efficacy of DN on
TrP, but also determine whether these changes are directly
or indirectly associated with force production.

Conclusions

Our results show that the application of DN has acute
effects on the reduction of myofascial TrP in the quadriceps,
gluteus, or gastrocnemius of recreational CrossFit athletes.
However, we did not find any significant effects on maximal
isometric strength during knee extension and hip abduction,
nor on strength during CMJ and SJ jumps compared to the
Sham group. Further controlled clinical trials are needed to
evaluate the efficacy of DN on TrP and its relationship with
muscle strength outcomes.
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Anppec Poxac-Xapaminbo'>*ABPE, TTaniens Kintepo-/Iotepo'PE,
Kawmino TI'apcia-Toppec'“P, Xopxe JI. Ilerpo>*AP, ITiero A. boninps>*>BCP

!IlemapTaMeHT cIIOpTy AHTiOKiI
*AHTIOKiJICbKIII YHIBepcHUTET

*IBCC Intepremnn CAC

*KopmoBcbKuil yHiBepCUTET

*YuiBepcuret imeni @pannucka Xoce ae Kanbaa

ABTOpPCHKMIT BKTA: A — Am3aits gocmipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykomucy; E — 36ip komrtis

Pedepar. Crarrs: 11 ¢, 5 TabL., 5 puc., 48 mxeper.

Mera gocmimkeHHA. MeTa I[bOT0o JOCTiI)KEHHA MOJIATa/Ia B OLIiHII HEralfHOTO BIUIUBY ITIMOOKOTO CYXOTO F'OJIKOBKOTIOBAHHS
Ha 3MiHHi, 0B’ s13aHi i3 CMJI010 M’5I31B HIDKHIX KIiHIIIBOK, Y CIIOPTCMEHIB-TI00MTeNiB, K 3aiiMaIOTbCsl KPOC-TPEHIHIOM, i3 1aTeHT-
HOIO TPUTEPHOIO TOYKOIO.

Marepianu ta merogu. Ile IOTPijiHO crille MiIOTHe KTiHiYHE JOC/IKEHHA 3 IOBTOPHMMU BUMipIOBAaHHAMY IIPOMIIIN 3a-
razioM 19 3[0poBKX YO/OBIKIB, sAKi 3aiimanucsa kpocdirom (27,8 [4,7] poky; 79,8 [10,4] xr; 1,76 [0,07] cm), 3 miodacriianbHOIO
TPUTEPHOI0 TOYKOIO B YOTUPUTOTIOBOMY, CiTHIYHOMY ab0 TMTKOBOMY M s13aX. Y4acHMKM Oy/Iu BUIIAfKOBO PO3IIOi/IEH] B eKCIle-
pumenranbhy rpyny (EL n = 10) abo B konTponphy rpyny (KII, n = 9). Ilicna posnogpiny Ha BuxigHoMy piBHi Ta yepes 48 rognH
IiC/Is1 BTPYYaHH OLiHIOBA/IM CYJTY M $I3iB HYDKHIX KiHI[IBOK (BepTMKaTbHMII CTPUOOK i3 IPUCiNy 3irHYBILY HOTY Ta BEPTUKAIbHMIT
CTpUOOK i3 3yCTPiYHMM PyXOM) i BUMIpIOBa/IM CHTy MaKCHMA/IbHOTO i30METPMYHOTO BifiBEfJeHHS CTETHA Ta YOTUPUTOTIOBOTO
M’A3a.

Pesynbraru. Pesynprartu Bupaxeni sik A (CB) [95% JI]; nesmimena oninka d Koena [dunb, 95% [11]). Byno nokasaHo, 110
[IM6OKe CyXe FONKOBKO/IIOBAHHSI 3MEHIIYE IIPUCYTHICTD M’5130BOI TPUTepHOI TOYKM. MakcuManibHa i3soOMeTpyUyHa CUIa BifiBelleH-
HS CTETHA MajIa ITOMipHe ab0 BMCOKe CTATUCTMYHO 3Hauyiie 36inbpurenns B EI' (miBwit 6ik: 21,5 (16,9) [9,42, 33,57]; 0,55 [0,19,
0,99], mpasuit 6ik: 20,3 (16,2) [8,70, 31,89]; 0,74 [0,25, 1,35]); ofiHaK KOHTpPOJIbHA IPYIIa IPOIEMOHCTPYBajIa CTAaTUCTIYHO 3HAYYIL[e
30iIbIIEHHS CUJIN JIMIIe TUX M 43iB, 0 BigBO#ATh niBe crerno (15,77 (15,37) [3,96, 27,59]; 0,57 [0,11, 1,12]), 6e3 cratucTiaso
3HAYYLINX 3MiH Y IpaBoMy Oo1i.

BucHoBku. Heraiine ckopodeHHs MiodacuiaTbHOI TPUTEPHOI TOUKY CIIOCTEPIranocs Ipu 3aCTOCyBaHHI IMOOKOrO CyXoro
TOJIKOBKOJIIOBAHHA, a/Ie He MaJI0 CTATUCTIYHO 3HAYYIIOrO BIVIMBY Ha MAKCUMAJIbHY 130MeTPUYHY CITy 260 BUCOTY CTpMOKa I10-
PIBHSIHO 3 KOHTPO/IBHOIO IPYIIOK0. Pe3ybraTit [[bOro MiIOTHOTO KTIHIYHOTO JOCTIIKEHHA MOXYTb OYTI BUKOPYUCTAHI [/Is HifA-
rOTYBaHHA Ma1716yTHix IOCTiIKEHb.

Kiro4oBi croBa: cyxe rojIKOBKO/MIOBaHHI, M 130Ba CI/Ia, TPUT€PHA TOYKA, TPUTE€PHA 30Ha.
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Abstract

The purpose of the study was to estimate the effect of swimming lessons in a school sports club on the initial

swimming fitness of primary school-aged children.

Materials and methods. The study participants were 73 primary school-aged children (‘Sportrend’ school sports
swimming club). The study used theoretical analysis of scientific and methodological literature, the system of control
exercises by O. Obrazhei revised taking into account the contingent of the research to assess the swimming fitness of
primary school students under the conditions of a school sports club, and methods of mathematical statistics.

Results. We propose a methodology for assessing the swimming readiness of younger schoolchildren under the
conditions of a school sports club. The growth rate of such indicators as reaction to the unsupported position in the

water and underwater breath-holding turned out to be lower compared to other indicators. At the same time, the rates
of face submersion in the water and squatting in the water increased. The increase in initial swimming skills in children
was 49.3% at the control stage compared to the baseline, and the average growth rate was 22.2%. In the assessment of
children’s initial skills at the end of the training compared to the beginning, the maximum average rate of increase was
recorded for the ability to push off and slide (30.1%), the ability to perform a star float (27.4%), and squatting in the
water (26.4%), thus swimming lessons have a positive effect on the initial swimming readiness of junior school students.
Conclusions. Statistically significant (p<0.05) improvement of primary school students’ results on control exercises at
all stages of diagnostics of their initial swimming skills formation confirms the positive effect of swimming lessons in

a school sports club.

Keywords: swimming, primary school-aged children, sports club, assessment, swimming readiness.

Introduction

Research on physical education and sports raises con-
cerns about the health of school children (Andrieieva et al.,
2020; Korolchuk, 2019; Savliuk et al., 2020), even at the ini-
tial stages of studying (Limarenko et al., 2014). After all, the
foundations of health formation during the period of prima-
ry school age are the basis of the health of a working person
(Hrytsiv, 2015; Kashuba et al., 2018; Lazko et al., 2021). In

©  Shkrebtiy, Yu., Korolchuk, B., Nosova, N., Huzak, O.,
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connection with the mentioned unfavorable trend, scien-
tists became more active in the search for the most effective
means of overcoming it. Thus, the effectiveness of fitness
programs in the system of improving the health of school-
children is investigated (Andrieieva et al., 2021; Ivanyshyn et
al., 2021; Savliuk et al., 2020), gender differences that must
be taken into account in the process of their physical educa-
tion are studied (Berezhna, 2013; Dudko et al., 2017; Futorny
et al,, 2016), the health-improving effect of various kinds of
sports on their morphofunctional state is evaluated (Barbry
etal.,, 2022; Goncharova et al., 2022; Madsen et al., 2022), etc.

Swimming takes one of the leading places among the
leaders of the favorable influence on a child’s body during
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sports training (Sakhnovsky, 1995; Lyashenko et al., 2012).
It is concerned as an effective means of developing water
skills, overcoming fear of water, strengthening health,
and increasing the adaptation capabilities of their body
(Button, 2016; Peden et al., 2020; Tian, 2023). In addition,
the positive motivation of junior pupils to health-improving
swimming classes has been proven (Grashchenkova, 2015;
Madsen et al., 2022). Therefore, there is a constant search
for reserves to optimize educational and training processes
when organizing swimming classes with children of primary
school age (Obrazhei, 2021, 2023).

Nowadays, club forms of organizing classes in the
studying process of the educational environment of the
school are gaining more and more popularity. It has been
proven that the effectiveness of a sports club in a secondary
education institution depends on the purposefulness of its
activity, and its functioning is based on the interaction of
the teachers-coaches who ensure its activity, and the parents
of the club’s students, systematic medical control, which is
carried out by the head coach in cooperation with the medical
staff of the institution (Lyashenko et al., 2012; Tkachova et
al., 2020). The fundamental difference of the school sports
club is the possibility of differentiating the content of the
educational and training process of junior schoolchildren in
the context of the formation of different age groups (Bondar,
2009; Limarenko, 2014; Goncharova, 2020). The same
applies to a swimming club. Instead, the issue of determining
children’s swimming fitness arises when forming groups. The
systems of swimming fitness assessment that are widely used
in practice today are focused mainly on the use in sports
activities (Vogt, 2020; Moreno-Murcia, 2008, 2020; Mouro,
2021) under specific conditions of the organization of the
educational and training process (Obrazhei, 2023).

However, despite the growing interest of scientists in
the development of sports clubs’ activity in swimming in
the school educational environment (Bondar et al., 2009;
Korolchuk, 2022), a number of questions remain not fully
solved, including determination of influence of swimming
in a school sports club on the initial swimming fitness of
children of primary school age, which determined the
subject of the conducted research.

Material and methods

Participants

73 Primary school age children took part in the study,
which was carried out based on the “Sportrend” school
sports swimming club of Gymnasium No. 315 in Kyiv.

Procedure / Test protocol / Skill test
trial / Measure / Instruments

In the research process, we used theoretical analysis
of scientific and methodological literature, study, analysis,
systematization, and generalization of data from literary
sources, the revised system of control exercises by
O. Obrazhey was used to assess the swimming fitness of
junior pupils in the conditions of a school sports club, and
methods of mathematical statistics.

To diagnose the formation of primary schoolchildren’s
swimming fitness in the conditions of a school sports club

we took as a basis an innovative methodology proposed

by Obrazhei (2023) aimed at the assessment of swimming

skills of primary schoolchildren in the conditions of summer
health camps. Along with the use of the recommendations
offered by the author concerning the 5-point assessment of

results of performance of control exercises (Obrazhei, 2023),

we revised the system of the specified exercises according to

the contingent of participants and conditions of realization
of the educational and training process. We have simplified
separate test exercises taking into account the reduced
level of swimming fitness of a contingent of junior pupils.

In particular, the following exercises were removed from

the control exercises: “Jumping into the water”, “Sliding

and footwork” and “Sliding and handwork”. Instead, the
following exercises have been added: “Skill of entering
water”, “Reaction to unsupported position in water” and

“Reaction to water getting into eyes or nose”. In addition, we

have added the “Ability to perform a float” as a basic exercise

for teaching swimming to the control exercises.
A total of 10 indicators were evaluated using a 5-point
system, namely:

« signs of hydrophobia: 1 - the child refuses to enter
the water; 2 - enters the water after long persuasions;

3 — enters the water with the coach; 4 - enters
independently, but keeps near the side; 5 — absent;

o face submersion in water: 1 — the child is afraid; 2 -
partially submerges after the persuasion of the coach;

3 - dips the face (eyes closed); 4 — dips the head (eyes
closed); 5 - dips the head, eyes open;

o squatting in water: 1 - refuses; 2 — squats together
with the coach (water level up to the chest); 3 - squats
independently, the water level is up to the neck; 4 -
squats with the head fully immersed, eyes closed; 5 -
independently squats, dives;

o the skill of entering the water: 1 - refuses to jump from
the side; 2 - jumps, holding the side with his hands; 3 -
jumps with the coach; 4 - independently jumps from the
side; 5 — jumps independently with repulsion from the
side;

o areaction to the condition of an unsupported position
in the water (or a reaction to the loss of balance, falling,
or lack of support): 1 - the child panics, and refuses to
continue the exercise; 2 — the child is nervous, needs
the coach’s support; 3 - the child is alert, restrained or
irritated; 4 - the child is calm, relaxed; 5 - the child is
self-confident;

« reaction to water getting into the eyes or nose: 1 - the
child panics, and refuses to continue the exercise; 2 -
the child is nervous and continues the exercise after the
help or persuasion of the coach; 3 — the child is alert,
restrained or irritated; 4 - the child reacts calmly; 5 - the
child is self-confident, plays;

 underwater breath holding: 1 - breath hold only on
land (up to 10 s); 2 — breath hold only on land (up to
15-20 s); 3 — holding breath in water (up to 5s); 4 -
breathing delay up to — 10 s; 5 — breath hold for more
than 15 seconds;

o the ability to perform a floater: 1 - refusal to perform;

2 - execution of the float is “uncoordinated”; 3 - a floater
without gripping the legs for up to 5 seconds; 4 — the
floater is performed correctly — up to 10 s; 5 - the floater
was performed correctly for more than 15 seconds;
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o the ability to perform an asterisk: 1 — refusal to perform;
2 - execution of the asterisk “uncoordinated”; 3 — an
asterisk with lowered legs for up to 5 seconds; 4 - the
asterisk is executed correctly — up to 10 s; 5-star made
correctly for more than 15 seconds;

« the ability to push off and slide: 1 - inability to group
near the turning wall, no sliding; 2 - poor grouping,
there is a weak undirected repulsion; 3 - sliding after
repulsion up to 2 m; 4 - sliding with the correct position
of the body after the correct push-off, push-off up to
4 m; 5 - sliding with the correct body position after a
correct push-off of more than 5 m.

Individual assessments of the initial swimming readiness
of junior school children in the conditions of a school sports
club were calculated as the sum of points for all indicators,
and group assessments were calculated as the sum of points
for each of the indicators (Obrazhei, 2023).

Reliability of the system of evaluation of primary
school pupils’ swimming fitness in conditions of school
sports club was confirmed by means of Cronbach’s Alpha
coefficient, which was 0.879 and Split-half reliability, which
was 0.911.

Data collection and analysis / Statistical analysis

The following methods of statistical analysis were used:
descriptive statistics, rank variance analysis for repeated
measurements, and dynamic series analysis (Byshevets,
2019, 2021).

Descriptive statistics. Since the experimental data were
obtained in an ordinal scale, the average values are presented
using the median (Me) and 25 and 75 percentiles.

Rank variance analysis. To compare indicators and
general evaluations of initial swimming skills in junior
school children, depending on the stage of the training,
the x*-Friedman multiple rank test was used. At the same
time, the Wilcoxon T-test was used to compare the initial
swimming skills between the test periods - a non-parametric
test for comparing dependent samples with the calculation
of the z-statistic.

Analysis of dynamic series. In the assessment process
the dynamics of initial swimming skills of junior school
children in the conditions of a sports club in an educational
environment, traditional methods analysis of time series with
the calculation of indicators of a dynamic series were used.

The reliability analysis of the test was aimed at assessing
the reliability of testing the initial swimming readiness of
junior school children in the conditions of a school sports
club. The internal consistency of the test elements was
determined according to the criteria of Cronbach’s alpha
and Gutman’s plan reliability. Using the obtained data
we proved that testing each of the indicators provides an
assessment of the initial swimming skills of children of
primary school age.

Differences between indicators were considered
statistically significant at the level of significance a=0.05
(p <0.05). If the calculated p-value was less than 0.0001, it
was presented as p<0.05. In other cases, its value is given,
rounded to the nearest thousandth.

The research material was processed using a package of
special computer programs MS Excel and STATISTICA 10.0
(StatSoft, USA).

Results

For timely correction of pedagogical influence, In the
process of design of training classes for children of primary
school age in a swimming sports club, the phase of initial
swimming training and determining the effectiveness
of the phased formation of new motor skills and abilities
in an aquatic environment requires special attention. The
estimation of primary schoolchildren’s swimming fitness in
the conditions of school sports club was carried out by means
of the revised methodology of Obrazhei (2023) taking into
account the reduced swimming skills of participants of the
research during the entrance, operational and stage control.

We turned out that certain indicators for assessing the
initial swimming skills of junior schoolchildren, such as
squats in the water, the ability to perform a float and an
asterisk, and especially holding the breath in the water and
the ability to push off and slide, were low. On the other hand,
the rate of growth dynamics of such indicators as the reaction
to the unsupported position in the water and holding the
breath in the water turned out to be lower compared to other
indicators. At the same time, face diving and water squatting
increased at an accelerated rate. However it should be
stressed, that all the remaining indications were statistically
significant (76.6< y*-Fridman <122.94, de ; p<0.05) grew
(Fig. 1).
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1 - signs of hydrophobia; 2 — immersion of the face in the water; 3 -
squats in the water; 4 — water entry skill; 5 - reaction to unsupported
position in the water; 6 — reaction to water entering the eyes / nose;
7 - breath holding in water; 8 - the ability to perform a float; 9 — the
ability to perform an asterisk; 10 — the ability to push off and slide; the
meaning of the lines

It was established that, for example, reaching the
maximum group scores were taken by junior schoolchildren
for the following indicators: “Signs of hydrophobia”
(251 points), “The skill of the entry into the water”
(249 points) and “Reaction to water Getting in the eyes /
nose” (246 points), and minimum - for the indicators
“Breath holding under the water” (173 points) and “Ability
to push off and slide” (176 points) (Fig. 1).

Individual initial swimming skills of junior pupils at the
input stage were estimated from 10 to 36 and the average
formation of initial swimming skills was 18.63 + 5.10 points,
during the operational control - from 13 to 40 - 24.75 +
5.47 points, and at the end of the research - from 20 to
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Table 1. Analysis of growth of group indicators of assessment initial swimming skills in schoolchildren (n=73)

Average Growth A, % / absolute growth,

The control stage The value . Average
Indicator / Control of the level of ,the point s absolute
hase Friedman dynamics growth increase
P I o . series, 1/0 0o/S 1I/S rate, % L
criterion . points
points
Signs of hydrophobia 181 233 251 11326* 2217  287/52 7.7/18 387/70 17.8 35
immersion of the face - 227 236 12235 2100  359/60 40/9 413/69 189 35
in water
Squats in water 117 177 187 122.86* 1603  513/60 56/10 598/70  26.4 35
Water entry skily 182 232 249 108.63* 2210  275/50 73/17 368/67  17.0 34
for the reaction to the
unsupported position 150 176 202 7653 1760  18.0/27 141/25 347/52 160 26
in the water
reaction to water 175 217 246 107.69* 2127  240/42 13.4/29 406/71 186 36
entering the eyes/nose
Underwater breath 146 173 93.52* 1433  31.5/35 185/27 559/62 248 31
holding
Ability to perform N
oat 114 161 180 10494 1517  412/47 11.8/19 57.9/66 257 33
Ability to perform 114 144 185 107.35* 1477 263/30 285/41 623/71 274 36
asterisk
ﬁl’égmo pushoffand ), 149 176 110.25% 1430  433/45 18.1/27 692/72  30.1 36
Total score, points 1360 1807 2030 146.0*  1732.0  32.9/447 12.3/223 49.3/670 222 335

Mean (x + SD), points 18.63; 5.10 24.75; 5.47 27.81; 4.80

Note: I/0O, O/S, 1/S - comparative analysis of the indicators depending on the phase of control, where I - initial, O - operational,
S - staged control; * - with a proven statistically significant increase in the indicator according to the x>-Friedman criterion at the
p-level of the significance of 0.05 and taking into account the degrees of freedom df = 2.

44 points - 27.81 + 4.80 points. The statistically significant
growth of primary schoolchildren’s swimming skills under
the influence of swimming lessons in school sports club
was proved (y*-Friedman = 146; df=2; p<0.05). Statistically
significant increase of individual indicators for the period
between input and operative (T=0; z=7,4244; p<0,05) and
between operative and stage control (T=0; z=8,4270; p<0,05)
was revealed (Table 1).

Asyou can see from Table 1, during the study period, the
average indicators of the initial swimming readiness of junior
schoolchildren in the conditions of a school sports club
ranged from 143.3 points for the ability to perform an asterisk
to 221.7 points for signs of hydrophobia. It was revealed that
at the end of the study, compared with the initial stage of the
average growth rate of the indicator “The ability to push oft
and slide” in junior schoolchildren, was the maximum and
amounted to 30.1%. At the same time, the minimum average
growth rate was 16.0%, which was revealed by the reaction to
an unsupported position in the water.

The analysis of changes in the indicators of the initial
swimming readiness of younger schoolchildren in the
conditions of the school sports club made it possible to trace
the positive dynamics at each stage of control. Comparing
the results of operational and input control, we found that
the minimum increase of 18.0% was observed according to
the results of the reaction to the unsupported position in the
water, and the maximum - 51.3% - to squats in the water.

At the same time, the minimum increase at the stage
control compared to the operational one was observed in the
indicator “The ability to push off and slide” and amounted to

4.0%, and the maximum of 28.5% was stated in the ability to
perform an asterisk. And at the end of the study, compared
with the beginning of the increase in the indicators of basic
swimming readiness of younger schoolchildren in the
conditions of a school sports club, it varied from 34.7% in
response to an unsupported position in the water to 62.9% in
the ability of children to push off and slide in the water. We
determined that the average absolute increase in indicators,
showing how they changed on average at the control phases,
ranged from 26 to 36 points (Table 1).

A statistically significant increase of all indicators of
primary school pupils’ swimming fitness in conditions of a
school sports club for the period of research was established
(76,5< y*-Friedman <122,9; df=2; p<0,05).

At the same time, a statistically significant increase in
the general assessment of pupils’ swimming fitness for the
period of research was proved (x*-Friedman = 146,0; df=2;
p<0,05). Besides, statistically significant increase of general
assessment of swimming fitness of school swimming club
visitors at the stage of operative control compared to the
input one (T=0; z=7,4244; p<0,05), at the stage of stage
control compared to the operative one (T=0; z=7,4244;
p<0,05), and also at the stage of stage control compared to
the input one (T=0; z=8,4270; p<0,05) was revealed.

Discussion

The issue of improving the health of primary school
children has been a priority in numerous studies in recent
years (Kemeryte-Ivanauskiene et al., 2022; Komaini et al,,
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2022). The search for a solution to this issue has led to the
discovery of the prospects for the implementation of the club
form of primary school children’s classes and the widespread
use of swimming equipment (Lyashenko et al., 2012).

Instead, to achieve the maximum health effect, there is
a need for systematic monitoring of children’s swimming
fitness, which makes the educational and training process
manageable (Hartati et al., 2022).

In the course of the research differentiation of the content
of children’s swimming training was determined as one of the
leading at the initial stage of training, where it is formation
of the skills necessary for further stages (Bondar et al., 2009;
Goncharovaetal., 2020; Ivanyshyn etal., 2021; Santos-Garcia et
al.,2022). It should be noted that the relevance of differentiating
the content of the educational and training process of younger
schoolchildren is aggravated in the conditions of the formation
of groups of different ages, which is common when completing
groups in school sports clubs (Limarenko, 2014; Oliynyk, 2020;
Richards, 2022). Therefore, grouping children is important in
building training classes, taking into account the level of their
initial swimming readiness.

Studying and analysing the existing methods of
pedagogical control, we drew attention to certain methods
for assessing the initial swimming skills of younger students.

Regarding the assessment of primary schoolchildren’s
swimming fitness, scientists propose different methods of its
evaluation (Limarenko, 2014). However, the existing methods
assumed that pupils have already formed swimming skills.
Therefore, to solve the tasks, in the course of the study, we
revised the methodology for assessing the initial swimming
skills of Obrazhei (2023) and took into account that at the
beginning of the study not all participants could stay in the
water, and some children had pronounced signs of water
fear. At the same time, changes were made to the system of
assessment of initial swimming skills by Obrazhey (2023),
which are related to the avoidance of situations of water fear
and direct assessment of the formed swimming skill. The tests
of jumping into the water, the ability to slide and work with
feet, the ability to slide and work with hands, the ability to
swim in coordination were not used, which, in our opinion,
creates an additional stressful situation for the contingent
of children with no swimming skills. The reliability of the
obtained system for assessing children’s primary skills was
proved by the Cronbach’s alpha coefficient, which was 0.879.

Therefore, the swimming skills of school sports club
visitors were assessed according to the indicators proposed
by us during the entrance, operational and stage pedagogical
control. The offered method of assessment allows to create an
idea of the level of swimming fitness of children both at the
initial stages of training and dynamics of training. At the same
time the dynamics of those indicators which are leading at the
initial stages of mastering swimming skills is controlled.

It is worth emphasizing that the study confirmed the
data of Obrazhei (2023) about the low level of primary
swimming skills in primary school children. However, the
comparison of our results with those of Obrazhey (2023)
is complicated by the different duration of the pedagogical
experiment and its focus.

The most interesting from the point of view of
assessment of initial swimming skills is proposed by Vogt
& Staub (2020). It covers 19 aquatic specific skills and most
accurately reflects a set of children’s motor skills in swimming

at the initial stages of classes. However, in our opinion, this
system needs additional systematization and separation of
the most important indicators due to the large time spent on
its implementation.

Comparison of the obtained results with the research of
Moura et al. (2021) proves that the authors used more control
tests to assess the assessed aquatic motor skills (17 aquatic
specific skills). At the same time, a significant number of
motor tests according to this methodology are difficult to
assess the initial level of swimming in children, namely feet-
first entry, head-first entry, autonomy in a deep pool (legs
and arms displacement), vertical buoyancy in deep water,
deep water immersion. The actual data obtained in the “water
entry skill” test (Moura et al., 2021) correspond to our results
and prove their high values compared to other abilities.
Instead, unlike the means of influence proposed by Moura et
al. (2021), our study achieved statistically significant changes
in the indicators of “immersion of the face and eye-opening’,
which is associated with significant attention to the use of
means of reducing water fear and adaptation to the aquatic
environment. We also support the author’s opinion about
the need to develop skills related to buoyancy and gliding in
children at the initial stage of swimming training.

The main result of the study was to prove the positive
impact of swimming lessons in a school sports club based on
the study of the dynamics of individual and group indicators
of swimming fitness of schoolchildren. Thus, it turned out
that at the time of pedagogical control, the average indicators
of pupils’ swimming fitness ranged from 143 points for
the ability to push off and glide in water to 221.7 points
for signs of water fear. The maximum average growth rate
of 30.1% was recorded for the children’s ability to push off
and glide in water, i.e. on average, this indicator increased
by 30.1% in stages. At the same time, the lowest average
growth rate of 16.0% was recorded for the indicator of pupils’
reaction to unsupported position in water. This result can
be explained by insufficient self-control of movements of
school swimming club visitors, as well as by insufficient
level of their physical fitness. Therefore, it is necessary to
establish at what moment of the motor action a child makes
a mistake and to determine what physical qualities need to
be developed for the correct performance of the movement.
Ago, the task is to develop additional exercises aimed at
developing certain physical abilities in pupils of the school
swimming club, which would provide an accelerated pace of
improvement of the motor action “unsupported position in
water”. On the other hand, the reduced average growth rate
of the indicator “skill of entering water”, which amounted to
17.0%, is explained by the high assessment of children’s skills
at the stage of entrance control. In addition, it was found that
such indicators as reaction to water getting into eyes/nose,
ability to perform asterisk and ability to push off and slide
in water on average increased by 36 points at each stage of
pedagogical control during the study period.

At the same time, the study of literature data proves
the existence of an integrated approach to the assessment
of children’s swimming fitness, for example, the system
Scale to Measure Aquatic Competence in Children by
Moreno-Murcia and Ruiz-Pérez (2008), Moreno-Murcia
et al. (2020), which includes 23 items divided into three
dimensions (socio-affective, cognitive, and motor). This
approach of the author creates a comprehensive perception
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of the child’s physical condition and is not limited to the
physical component. This approach can be considered as a
prospect for future research.

Thus, the obtained theoretical and practical provisions
of the assessment of children’s initial swimming fitness can
become an important tool for controlling the educational
and training process in swimming.

Conclusions

On the basis of the theoretical analysis of the literature
and taking into account own pedagogical experience, the
indicators that determine the initial swimming fitness of
visitors of the school sports club are proposed. In accordance
with the main stages of mastering swimming skills, three
stages of control are provided (input, operational, stage).
It is established that under the influence of introduction of
the offered organizational and methodical approaches to the
construction of training classes of primary school age children
in a sports club on swimming statistically significant (p<0.05)
increased individual and group indicators of initial swimming
fitness of children. It was determined that the increase of
initial swimming skills for the period of research was 49.3 %,
and the average rate of increase was 22,2 %. Except for the
indicator “Ability to perform a star’, indicators of children’s
initial swimming skills in the period between operational and
entrance control grew at a faster pace in comparison with the
period between stage and operational control. The maximum
average growth rate of children’s initial skills assessment at the
end of the study compared to the beginning was recorded for
the ability to push off and slide (30.1%), the ability to perform
the star (27.4%), and squatting in the water (26.4%).

It is possible to state that pupils demonstrated positive
dynamics by all indicators of swimming fitness. Statistically
significant (p<0,05) improvement of all indicators of their
swimming fitness for the studied period was proved, and also
statistically significant (p<0,05) increase of general assessment
of swimming fitness of visitors of school sports club on
swimming. Besides, statistically significant (p<0.05) increase
of pupils’ swimming fitness at the stage of operational control
compared to the input one and at the stage of stage control
compared to operational control was recorded. Statistically
significant (p<0.05) improvement of primary school pupils’
results of control exercises at all stages of diagnostics of their
initial swimming skills formation confirms positive influence
of swimming lessons in school sports club.
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AUHAMIKA MOYATKOBOI MIABAJIbHOI NIATOTOBJIEHOCTI
MONOALLNX WWKONAPIB Y WWKIJIbHOMY CTOPTUBHOMY KJYBI

HOpiit lIkpe6Tiit'4*“P, Borgan Koponpuyk'4*“P, Haranis HocoBa'A®?, Onexcangpa Iysax>*?P,

IOnia JTasakon4*ABP, Muxaitno Pogionenko'*®°, Onena Ilnemakosa*AP

"HanjionanpHuii yHiBepcuTeT (isM4HOrO BUXOBaHHA i copTy YKpaiHu
*Y>)XKTOpOZICHKUII HalliOHA/IbHUI YHIBepCUTET

*KniBcbKmit HallioHa/IbHMIT €KOHOMIuHMIT yHiBepcuTeT iMeHi Baguma leTbmana
*KuiBcbKuil Hal[ioHaIbHUI YHiBEPCUTET KY/IbTYPH i MUCTEITB

ABTOpPCHKMIT BKIAJ: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarts: 8 ., 1 Tabn., 1 puc., 39 mxepern.

MeTa gOCTi>KeHHA — OL[HITY BIUIMB 3aHATD IVIABAHHSM Yy LIKIIbHOMY CIIOPTMBHOMY K/Iy0i Ha [104aTKOBY I/IaBa/IbHY ITifi-
TOTOBJIEHICTD JiTell MOTOJIIOTO MIKiZIbHOTO BiKYy.

Marepian i MmeTogu. Y [oCIifiKeHH] B3AMM yyacTb 73 Y4Hi MOJIOAMIMNX K/IaCiB, sKe IPOBOAMIOCA Ha 6a3i mKiIbHOTO K}Iy6y
CIIOPTMBHOTO ITaBaHHA «Sportrend». Y mpomeci HoC/iIKeHHA BUKOPYCTOBYBAINCA TEOPETUYHMIA aHAJII3 HAYKOBO-METONMYIHOI
JiTepaTypu, I OLiHKM IIaBajIbHOI MIATOTOBIEHOCTI MOTOAIINX IIKO/LIPIB B yMOBaX LIKIIBHOTO CIIOPTMBHOIO KIy0Y BUKO-
PUCTAaHO cucteMy KOHTponbHuX BipaB O. Ob6paxeii, epeonpalboBaHy i3 BpaxyBaHHIM KOHTUHIEHTY JOCIIKEHHS, METOAN
MaTeMaTUYHOI CTaTUCTUKM.

Pe3ynbrarn. 3arporioHOBaHO METO[MKY OLIIHKM IIaBa/lbHOI Ii/ITOTOBNIEHOCTI MOJIOAIINX IIKO/APIB B YMOBaxX MIKi/IbHOTO
CIIOPTUBHOrO Kay0y. TeMI AMHAMIKU 3pOCTAHHA TaKVUX ITOKA3HUKIB K peakxilig Ha 6e30IOpHe MOMOXKEHHA Y BOJI Ta 3aTpUMKa
IVIXaHHS Y BOJ, BUSIBMBCS HIDKYMM IIOPIBHSIHO 3 iHIIMMM OKasHMKaM. BOgHOYAC, TOKA3HUKY 3aHYPEHHsI 0044 Y BOAY Ta
IpUCITAHHA Y BOAi 3pOCTamy NpUIIBUALIeHMH TeMIamy. CepelHiil IpUpicT IOYaTKOBYMX HaBMYOK IUIABAaHHA Y [iTell 3a mepiof
JOCIiIpKeHHA CKIaB 49,3 %, a cepenHili TeMII IPUPOCTY CTaHOBUB 22,2 %. MaKcuManmbHII CepeiHill TeMII IPUPOCTY MOKa3HUKIB
OL[{HKI TIOYaTKOBYX HAaBMYOK AiTell HAIPUKIHIII JOCTIIKEeHHs Y IOPiBHAHHI 3 TOYaTKOM 3apiKCOBAHO 3a YMIiHHAM BiJIITOBXYBa-
THCh i koB3atu (30,1 %), yMiHHAM BUKOHYBaTH 3ipouKy (27,4 %), mpucigaHHAM y Bofi (26,4 %).

BucHoBku. CraTuctiyHo 3Hauymie (p<0,05) IoKpaljeHHs pe3yabTaTiB BUKOHAHHA MOJIOAIIMMY IIKO/IAPAaMU KOHTPOIBHUX
BIIPaB Ha YCiX eTamax AiarHOCTMKY CPOPMOBAHOCTI iX MOYATKOBMX IUIABA/IbHUX HABMYOK IATBEPIKYE MO3UTVUBHNIL BIIUB 3a-
HSATH IUIABAHHAM Y UIKIIBHOMY CIIOPTMBHOMY KTy0i.

Kiro4oBi croBa: miaBaHHs, JiTU MOJIOAIIOTO LIKIBHOTO BiKY, CIIOPTUBHMII K/Ty0, OLIiHKa, I/TaBa/IbHA Mi/iTOTOB/IEHICTb.
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Abstract

Study purpose. The aim of this study was to examine the levels of physical activity among undergraduates living
in ADISU (Agency for the Right to University Study) residences in order to better understand their situations and
highlight the differences between male and female students.

Materials and methods. Eighty participants between the ages of 18 and 28 were enrolled in this study. A
questionnaire was given to each participant who was selected for the study in order to gather general data and

measure physical activity levels.

Results. 60% of the students involved in this investigation are smokers; nonsmokers show a higher average than
smokers, which indicates greater physical activity and higher frequency; 52.3% of female students declare not to
practice any PA compared to 26.9% of male students; 9.3% of female students declare to practice PA < 1 time per
week, while 15.4% of male students declare to practice PA < 1 time per week; 7.4% of female students declare to
practice PA 1-2 times per week, while 3.8% of male students declare to practice PA 1-2 times per week; 25.9% of
female students declare to practice PA 2-3 times per week, while 23.1% of male students declare to practice PA
2-3 times per week; finally, 3.7% of female students declare to practice PA > 3 times per week, while 30.8% of male

students declare to practice PA > 3 times per week.

Conclusions. In conclusion, we think that studies like ours are essential for formulating plans to enhance students’

wellbeing and their academic route inside universities.

Keywords: physical fitness, university students, undergraduate, sedentary, health, healthy lifestyle.

Introduction

The World Health Organization (WHO) has published
the new guidelines to combat a sedentary lifestyle, which
has worsened due to the pandemic, through physical activ-
ity. If the world’s population were more active, more than
5 million deaths could be avoided every year. At a time when
people are more at home due to Covid-19, the new WHO
guidelines on physical activity and sedentary behavior high-
light that anyone, of any age and ability, can be physically ac-
tive and that every type of movement counts. Sadly, however,
globally, 1 in 4 adults do not achieve recommended levels of
physical activity globally (approximately 1 in 3 women and
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1 in 4 men do not exercise enough to stay healthy) and more
than 1 in 4 according to the WHO. 80% of the world’s ado-
lescents are insufficiently active. Between 2001 and 2016, in
high-income countries, the percentage of those who did not
practice enough physical activity increased by 5 points (from
31.6% to 36.8%). With the result that, in insufficiently active
people, the risk of death increases by 20% to 30% compared
to active people.

Previous research has revealed that unhealthy habits that
are modifiable, such smoking, eating badly, not exercising,
and drinking alcohol, each have a unique impact on the
development of non-communicable diseases and early
morbidity (Joseph et al., 2017; Liu et al., 2012; WHO 2010).
Compared to older persons, young people, particularly
university students, are more prone to lead unhealthy lives.
The global epidemic of overweight, obesity, and sedentary
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lifestyle is a serious public health problem because it has
the potential to increase the prevalence of cancer, type 2
diabetes, metabolic disorders, and cardiovascular diseases
(Hultgren et al., 201). When young people are attending
college, adolescent-starting habits usually solidify and last
until adulthood (Deasy et al., 2014). The effects of a number
of different health-related risk factors have been studied
in the past, but neither their clustering behaviors nor their
synergistic effects in a university setting have been studied.
However, a few studies (El Ansari et al., 218; Murphy et al,,
2019; Brunet et al., 2010; Meader et al., 2016) suggest that
unhealthy lifestyles frequently coexist with one another. The
existence of such clustering may have significant implications
for studies of morbidity and mortality as well as the design
of preventative and health promotion initiatives because
it implies that interventions should focus on the overall
lifestyle rather than just one aspect. The development of
strategies that lead to an increase in the diffusion of physical
activity, through the activation of interventions of proven
effectiveness, is a public health objective that can only be
achieved through targeted health policies, shared objectives
and identification of responsibilities. The positive effects of
widespread physical activity (PA) at the community level
are evident at both the social and economic levels. The
community benefits not only in terms of a reduction in public
health costs, an increase in productivity, better efficiency in
schools, a reduction in absenteeism at work, but it would
also record an increase in participation in recreational and
relational activities. Promoting physical activity is therefore
a priority public health action, often included in health plans
and programming around the world. In the United States,
in fact, the Healthy People 2010 program identifies physical
activity as one of the main health objectives for the country.

The term “physical activity” (PA) refers to “any body
movement produced by skeletal muscles that requires
energy expenditure” (Caspersen et al., 1985), including those
performed for recreation, transportation, or employment.
Exercise, which is “a subtype of PA that is planned, structured,
repetitive, and attempts to enhance or maintain one or more
components of physical fitness,” should not be confused
with the term “PA” (World Health Organization 2010, 2018).
Instead, the World Health Organization (WHO) defines
physical inactivity as “not fulfilling the applicable physical
activity recommendations” (World Health Organization
2010, 2018). Physical inactivity is a risk factor for the major
non-communicable diseases (NCDs) that cause early death
and disability in western countries, according to a growing
body of epidemiological research (Cochrane et al., 2019;
Tremblay et al., 2017).

Additionally, “any awake behavior characterized by an
energy expenditure 1.5 metabolic equivalents” (Lee et al.,
2012) is considered sedentary behavior. Sedentary lifestyles
have been ranked as the fourth biggest cause of death
globally (Galle et al., 2020). In recent years, PA has largely
been replaced by increasingly sedentary habits, particularly
among children and young people, and possibilities for
physical activity are gradually dwindling for adults and the
elderly (Tremmel et al., 2017). Contrarily, it is generally
known that PA can be used to prevent non-communicable
diseases, promote psycho-physical health, and enhance
quality of life in people of all ages and genders. Additionally,
people who are physically active typically live longer than

those who are not. Due to all of these advantages, PA may
lower the direct and indirect expenditures associated with a
sedentary lifestyle (WHO 2011). This is especially important
when taking into account the aging of the population in
industrialized nations, which is leading to an increase in the
burden of chronic diseases (Galle¢ et al., 2020).

However, there is proof that anyone, regardless of age,
who improves their level of physical activity can benefit
from it, even after extended periods of inactivity. As a
result, in recent years, the WHO, the European Union (EU),
and national governments have focused their policy on
promoting an active lifestyle. It takes a team effort from all
sectors and disciplines to raise the PA level in the population
since it calls for a holistic, culturally sensitive approach
(Cochrane et al., 2019). In fact, PA promotion is crucial for
everyone in society and should be approached from a variety
of disciplinary and sectorial perspectives.

The aim of this study was to examine the levels of
physical activity among undergraduates living in ADISU
(Agency for the Right to University Study) residences in
order to better understand their situations and highlight the
differences between male and female students.

Materials and Methods

Eighty participants between the ages of 18 and 28 were
enrolled in this study (Tab. 1). The Department of Clinical
Experimental worked with ADISU Puglia (Agency for the
Right to University Study) to identify all of the subjects,
who were all University of Foggia students. The “Lifestyle &
World life: enhancing your life while protecting the planet”
project was taken up by all of the recruited participants. To
do this, epidemiological study was carried out to determine
the level of physical activity and way of life of the ADISU
Residences. There were no exclusion standards used in this
investigation. A questionnaire was issued to each individual
re-recruited for the study to gather general information and
physical activity levels. A survey was created using Google
forms, which allowed for both open-ended and multiple-
answer responses.

Table 1. Anthropometric characteristics

Parameters Female Male
Number (n) 54 26
124.25 mmHg +20.9 129.03 mmHg + 19.8

7453 mmHg +13.1  76.92 mmHg + 10.6

Systolic pressure

Diastolic pressure

Height (cm) 162.2 +6.3 176.3 + 8.2
Weight (kg) 61.9+£15.2 73.6 £13.5
Statistical analysis

The statistical analysis was performed by using IBM SPSS
Statistics 23. All the variables related physical activity were
analyzed by using descriptive statistic. The frequencies and
distribution of the parameters investigated were reported.
The multinomial logit model was performed to investigate
the differences of the following variables: “SEX”, “Smoker”
and “Physical Activity”. The analysis shows the clustering
of the frequencies relative to the variable “Physical Activity
Frequency” in each group.
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Results

In this study, the statistical investigation, was conducted

Table 4. In this table were reported the differences between
smoker and nonsmoker students

in 80 students at the University of Foggia. The sample is not Physical ~ Physical Activity
L . . Smoker Parameters ..
equally distributed regarding the gender; in fact, as show Activity Frequency
in table one, 67.5% are female students and 32.5% are male 1 Mean 1.43 2.16
students (Tab. 2). N 32 32
Table 2. In this table were reported the frequencies of the Minimum 1 1
variables Maximum 2 5
Sex Erequenc Valid. Cumulative Std. De.viation 0.483 1.505
1 i Percentage  Percentage Kurtosis -1.629 -0.725
1 54 67.5 67.5 Skewness 0.691 0.928
2 26 32.5 100 2 Mean 1.56 2.71
Total 80 100 N 48 48
Minimum 1 1
“SEX” (1= woman; 2= man) Maximum 5 5
Further analysis was performed to investigate the sample Std. Deviation 0.501 157
on smoking habit. The results shows that the 60% of the Kurtosis -2.018 -1.719
students involved in this investigation are smoker (Tab. 3). Skewness 0.260 0.061
Table 3. In this table were reported the frequencies of Total Mean 148 249
smoker students (Smoker: 1= yes; 2= no) N 80 80
Minimum 1 1
Valid. Cumulative .
Smoker Frequency Maximum 2 5
Percentage Percentage std. Deviati 0.503 1559
. peviation . .
1 32 40 40
) 48 60 100 Kurtosis -2.041 -1.544
Total 30 100 Skewness 0.102 0.373
Physioal Activity Frequency (Smoker: 1= yes; 2= no; Physical Activity: 1= yes; 2= No; Physical
activity frequencies: 1= never; 2= <lper week; 3= 1-2 per
| . Nodo 0 : week; 4= 2-3 per week; 5= >3 per week).
| _Categoria %  nof
"""" 1™ Never aspas
ver ! qm < ! . . .
| m <1 parwask ! | DA | Furthermore we also performed the investigation of
| w22 e, | {" 23 permesc 28020 the practice of physical activity in smoker group and non-
! >3 perweek 125 10f;
173 perweck | Totale 700.0 80 smoker students (Tab. 4).
""""""""""" i In the table above was reported the difference in average
Valore P agg =0,000, Chi-quadraton3, rates: in both cases, nonsmokers, shows a higher average
°“‘-I""“ than smokers, indicating greater physical activity and higher
| frequency. To get an overview of the variables, a summary
Female Male descriptive table was presented (Tab. 5).
T s Another analysis performed was the “decision tree
Categoria___ % __n Categoria___ % __n model” (Fig. 1). This further analysis highlights the different
T B - 103 4 levels of physical activity practice in relation to gender
g l2permek 7.4 4 g 2permek 38 1 differences. Furthermore the 52.3% of female students
bl B o aHe declare to not practice any PA compared to 26.9% of male
Totale 67.5 54 Totale 325 26 students; the 9.3% of female students declare to practice PA

Fig. 1. Decision tree model analysis

<1 time per week, while the 15.4% of male students declare
to practice PA <1 time per week; the 7.4% of female students

Table 5. This table show the descriptive statistics of the sample regarding the following parameters: Sex,

Smoker, age and physical activity

Parameters N Minimum Maximum Mean Skewness Kurtosis
Sex 80 1 2 1.33 0.762 -1.457
Smoker 80 1 2 1.6 -0.416 -1.874
Age 80 18 28 21.21 1.121 1.477
Physical Activity 80 1 5 2.49 0.373 -1.544

There are two dichotomous variables “Sex” and “Smoker,” one scalar variable “Age” (range 18 to 28 years) and the
nominal variable “Physical Activity Frequency”. Variables show positive skewness (except for the variable
“Smoker”). (Sex: 1= woman; 2= man; Smoker: 1= yes; 2= no; Smoker: 1= yes; 2= no).
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declare to practice PA 1-2 time per week, while the 3.8% of
male students declare to practice PA 1-2 time per week; the
25.9% of female students declare to practice PA 2-3 time per
week, while the 23.1% of male students declare to practice
PA 2-3 time per week; Finally, the 3.7% of female students
declare to practice PA >3 time per week, while the 30.8% of
male students declare to practice PA >3 time per week.

Discussion

The main finding of this study are: 1) the 60% of the
students involved in this investigation are smoker; 2) non-
smokers, shows a higher average than smokers, indicating
greater physical activity and higher frequency; 3) the 52.3%
of female students declare to not practice any PA compared
to 26.9% of male students; the 9.3% of female students de-
clare to practice PA <1 time per week, while the 15.4% of
male students declare to practice PA <1 time per week; the
7.4% of female students declare to practice PA 1-2 time per
week, while the 3.8% of male students declare to practice
PA 1-2 time per week; the 25.9% of female students declare
to practice PA 2-3 time per week, while the 23.1% of male
students declare to practice PA 2-3 time per week; Finally,
the 3.7% of female students declare to practice PA >3 time
per week, while the 30.8% of male students declare to prac-
tice PA >3 time per week. This study is important to verify
the student’s lifestyle to obtain detailed report to be able, if
necessary, to propose improvement strategies. In fact, ac-
cordingly to WHO, adults (aged 18-64 years) Should also
engage in muscle-strengthening activities at moderate or
greater intensity that involve all major muscle groups on
2 or more days a week, as these provide additional health
benefits. Should do at least 150-300 minutes of moderate-
intensity aerobic physical activity; at least 75-150 minutes of
vigorous-intensity aerobic physical activity; or an equivalent
combination of moderate- and vigorous-intensity activity
throughout the week. All individuals, especially older adults,
should strive to engage in more than the advised amounts of
moderate- to vigorous-intensity physical activity. Physical
activity of any intensity can help lessen the negative effects
of high levels of sedentary behavior on health (WHO 2018).

In actuality, consistent physical exercise, such as
walking, cycling, wheeling, playing sports, or engaging
in active leisure, has major positive effects on health. It is
preferable to engage in some exercise than none. People can
easily reach the necessary exercise levels by increasing their
daily activity in relatively easy methods (Moscatelli et al.,
2020). One of the main risk factors for non-communicable
diseases mortality is physical inactivity. Compared to those
who are appropriately active, those who are insufficiently
active have a 20%-30% higher risk of dying. Exercise on
a regular basis can: decrease the incidence of depression,
hypertension, coronary heart disease, stroke, diabetes,
various cancers (including breast cancer and colon cancer),
falls, hip or vertebral fractures, and increase muscular and
cardiorespiratory fitness. It also helps maintain a healthy
body weight. Furthermore, our study, highlight the great
percentage (60%) of smoker students.

Morethan 8 million people die each year from the tobacco
epidemic, which is one of the greatest risks to global public
health. This figure includes roughly 1.2 million fatalities
from exposure to secondhand smoke (Global Burden of

Disease 2019; Huang et al., 2014; Polito et al., 2019, 2020;
Sperandeo et al., 2020; Di Maio et al., 2020). There is no level
of cigarette exposure that is safe; all kinds of tobacco are
toxic. The most prevalent method of tobacco consumption
worldwide is cigarette smoking. Other tobacco goods include
bidis, kreteks, cigars, cigarillos, roll-your-own tobacco,
waterpipe tobacco, and numerous smokeless tobacco items.
The economic consequences of tobacco use are large and
include high medical expenses for treating diseases brought
on by tobacco use as well as the lost human capital as a result
of morbidity and mortality linked to tobacco use. Moreover,
the smoke that is exhaled by the smoker as well as the smoke
that is released from the burning end of a cigarette or other
smoking devices (such bidis and water pipes) is referred to
as second-hand tobacco smoke. There is no safe threshold
of exposure to secondhand cigarette smoke because more
than 4000 compounds have been found in tobacco smoke
(Monda et al., 2017; Precenzano et al., 2017; Moscatelli et al.,
2016; Maldonato 2018).

The Conference of the Parties to the WHO Framework
Convention on Tobacco Control (WHO FCTC) has deter-
mined that the only effective strategy to fully protect people’s
health from the damaging effects of secondhand tobacco
smoke is to have 100% smoke-free settings. Smoke-free regu-
lations are popular because they don’t hurt business and they
help smokers stop while also protecting the health of non-
smokers. Unfortunately, the results of our study, when com-
pared to national data, are decidedly alarming since, according
to the data of the “Report on smoking in Italy”, presented on
the occasion of World No Tobacco Day 2022 (World No To-
bacco Day, 31 May), almost one in four Italians (24.2% of the
population) is a smoker: a percentage that had never been re-
corded since 2006. After a long period of stagnation, this year
we are witnessing an increase of 2 percentage points: in fact,
smokers were 22% in 2019, the last year of the pre-pandemic
survey. The trend observed in the three-year period 2017-2019
which saw a constant decrease in female smokers is not con-
firmed in 2022: this year, in fact, there is an increase in the per-
centage of smokers of both sexes. People who smoke cigarettes
with heated tobacco are also on the increase: 3.3% in 2022
compared to 1.1% in 2019, but more than one in three people
(36.6%) consider them less harmful than traditional ones.

Conclusions

This is the first investigation conducted in the University
of Foggia students. The data revealed lower physical activity
practicesleveland ahigher number of smoker students. Given
the results obtained, it would be appropriate to implement
strategies capable of increasing sports practice and, at the
same time, decreasing the number of smoking students.
While our study is found to be important for student health
implications, we believe it has some limitations. In fact, it
would be advisable to increase the sample and compare the
results between students who reside in university residential
structures and those who instead reside in their own homes.
Furthermore, the parameters could also be evaluated in
relation to the year of the course attended. In conclusion,
although our study has some limitations, we believe that
surveys like ours are fundamental for setting strategies for
improving the health of students and their educational path
within universities.
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Abstract

Study purpose. In sports, just like in everyday life, motivation plays an important role in achieving individual goals.
Motivation is an individual’s decision to engage in certain activities and make various efforts to do so. Sports require
a continuous, constant effort from individuals, so it is even more important here that the athlete has the necessary
motivation. Without motivation, it is not possible to do sports at a high level in the long term. The aim of the study
was to examine the sports motivation factors of handball players in the Hungarian junior classes. Handball is one of
the most popular sports in Hungary. As a result, it can be said that, from the point of view of the long-term success of
the sport, it is essential to know the factors that motivate youth athletes.

Materials and methods. We collected the data required for the research using a questionnaire. The research took
place in the fall of 2022, with 190 youth athletes interviewed. During our research, we established that internal and
external motivational factors are equally important for Hungarian youth handball players.

Results. With statistical calculations, we show a significant relationship between the athletes’ motivation and the joy
caused by sports, the avoidance of disappointment caused to the environment due to the cessation of sports, and the

sports results achieved.

Conclusions. The results of the study will be a useful resource for those interested in the sport of handball, to better
consider the motivational factors that help to understand the motivation of young athletes and which are important

in order to consistently provide a high level of performance.

Keywords: Hungary, handball, motivation, physical education, young athletes.

Introduction

The role of sport and physical education has become
more valued nowadays, as it can contribute to the realization
of health, social and economic goals. In Hungary, the
promotion of regular sports for young people also appears
in the government strategy as a social goal. Accordingly,
in recent decades, countless opportunities have opened up
for young people to participate in various sports activities.
Simultaneously with the spread of sport, research related
to sport and athletes is playing an increasingly important
role in international and domestic research. Researching the
motivation of athletes is one of the central topics of sports
psychology researchers. International research has been
done on the reasons why individuals start a sport or why they
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don’t continue a given sport, as well as what motivational
factors affect athletes during sports activities (Jones, Mackay
& Peters, 2006). Motivation is a factor that encourages a
person’s behavior and directs it in a certain direction.
Individuals differ not only in their ability to perform a
certain task, but also in their motivations and willingness to
perform the task. Motivation is a kind of internal drive that
affects the driving forces and needs that trigger and direct
the efforts of individuals to achieve.

In sports, it is important to understand the motivations
behind an individual’s behavior, what triggers it and what
modifies the athletes” behavior. The motivational factors that
appear in individuals to play sports can be intrinsically moti-
vated (for example, passion for sports, enjoyment of playing
sports) and external factors (for example, reward, improved
health, good appearance, the role of the environment). The
aim of our study was to assess which motivational factors have
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the greatest effect on youth handball players in Hungary. The
obtained results can help to understand which motivational
factors are important for young athletes.

The study of motivation has been a key area of interest
for sport psychologists since the early 1990s. What motivates
an athlete can depend on many factors. Some research has
shown that the motivation of competitive athletes and those
participating in leisure activities is different. In competitive
sports, it is mainly the results achieved, while in leisure
activities it is the enjoyment of the sport that motivates
(Frederick & Ryan, 1993). However, according to Vazou et al.
(2007), no matter what kind of sports activity we participate
in, it is important to love and enjoy the chosen type of sport,
because it can maintain the individual’s motivational level in
the long term. So, in the case of an athlete, internal motivation
can be considered more effective in the long term. Athletes
driven by internal motivation are able to give their maximum
even when there is no stake in their performance or when no
one is watching them. In the case of internal motivation, the
individual pursues the sport for the joy of the sport and for the
resulting enjoyment. During internal motivation, the athlete
enjoys training and learning processes when he can learn new
movements and skills (Thomas & Gillich, 2019). In the case
of external motivation, the athlete is driven by various rewards
or recognition from others, so the athlete is influenced by an
external factor in maintaining motivation. If the individuals
extrinsic motivation ceases, the motivated behavior will
most likely cease as well. It can be said that the existence of
external motivation is very important at the beginning of
sports activities, as it increases performance. If used correctly,
these motivational tools can be beneficial for athletes (Ridwan
et al., 2022). Most athletes are motivated by goals such
as winning an award or a tournament, which is outside of
intrinsic motivation. The problem is caused when someone
excessively focuses on external rewards, so the enjoyment of
sports activities is lost, this can demotivate the athlete in the
long term and negatively affect sports performance (Joesaar
et al.,, 2011). Like the aforementioned authors, Hoffmann
(2007) collected and grouped possible motivations for sports
according to motives. Such motives are the motive of winning,
the motive of being together, the motive of health and fitness,
and the motive of play and fun. In the case of a winning motive,
individuals participate in various sports competitions because
they want to test their skills and enjoy the positive feedback
that comes from being a winner. The motive of being together
makes the individual participate in sports with friends and
enjoy playing sports together. In the case of the motive of
health and fitness, the athlete participates in the given sport
because of the positive effects provided by the given activity. In
the case of the motive of play and fun, the joy caused by sport
prompts the individual to perform the activity.

Individual and team sports participants may also have
different motivational factors. Several international studies
have investigated the differences between the motivation
of individual and team sports participants. In their study,
Benar and Loghmani (2014) compared the sports motivation
and goal orientation of young athletes. Their results showed
that individual athletes were more motivated for results than
team athletes. According to Jakobsen (2014), the interest/
enjoyment scores of athletes in team sports are higher than in
individual sports, but he found no difference in the motivation
to participate in sports in team and individual sports.

In sport psychology, two main motivational directions
appear most often (Fenton et al., 2016; Méndez-Giménez
et al, 2012), the Self-Determination Theory and the
performance goal (goal orientation) theories. The self-
determination theory is close to many theories, including
the Basic Psychological Needs theory (Deci & Ryan, 2000).
Self-determination theory focuses on the extent to which
an individual’s behavior is self-motivated. It deals with the
motivations behind the decisions that individuals make
without any external influence. It is coded in individuals
to look for situations in which they can promote their
self-development. According to the theory, all individuals
have three innate basic needs, which are the following:
independence (autonomy), competence and social relations.
The individual tries to create a balance between the three
basic needs. The essence of autonomy is that people should
feel in control of their own behavior and goals. Competence
includes all the innate needs that encourage us to acquire
different skills and tasks. During social relationships, people
need to know the feeling of attachment, what it is like to
belong to others (Deci & Ryan, 2000).

Achievement motivation was defined by Maehr and
Nicholls (1980) as “conformity to standards or virtuous
intentions rather than superior talent”. According to
Achievement Goal Theory, athletes are motivated when they
have a predetermined goal (Ntoumanis & Biddle, 1999).
A well-defined goal has a strong motivating effect. If the
athlete can identify with the predetermined goal, it means
greater commitment for him, which has a positive effect on
his performance. If the individual has set several goals for
himself, it is important to establish a suitable sequence for
their implementation. Two types of goals can be defined
during the theory, there are task-oriented goals and so-
called self-centered goals. We can speak of a task-oriented
athlete if the individual sees himself as a benchmark and
always emphasizes learning and development. These athletes
are characterized by the need to improve their knowledge,
as they want to perform better in line with their internal
expectations (Duda & Whitehead, 1998). As a result, they set
goals for themselves that will improve their abilities the most,
because they believe that their abilities can be improved.
These individuals evaluate their own competencies in a
completely self-reflective manner. By striving for personal
development, the athlete has a much more positive effect.
On the other hand, if the athletes’ goals do not match their
abilities, instead of motivation, anxiety appears in their
behavior, which will almost certainly reduce the effectiveness
of their performance (Monteiro et al., 2018). We can talk
about self-centeredness if the given athlete compares his
own abilities with those of other athletes and thereby wants
to receive positive feedback about his abilities. In contrast to
task-oriented athletes, they believe that they cannot change
their abilities, which is precisely why they want to prove that
they are better than their teammates and opponents. They
try to avoid situations where their abilities may be revealed.
We can talk about failure-avoidance behavior if the athlete
sets his goals below his abilities, since in this case he can
jump the set task without much effort, so the possibility of
failure cannot arise. This behavior is typical of those who
are afraid of taking risks and fear of failure, as they feel that
they would not be able to perform well. As a result of these
goals, the athlete may develop anxiety and worry due to
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the constant comparison (Nicholls, 1989). Thus, athletes
who have a greater motivation to avoid failure achieve lower
results than we would expect from them based on their
potential and opportunities (Bratko et al., 2020).

According to some researchers (Coté, 1999; Strandbu
et al., 2019; Duda, 2013), the environment also affects the
athlete’s actions. The environment has a significant impact
on the athlete’s attitude and personality development.
Parents, friends and coaches play a decisive role in creating
a motivational atmosphere (Castro-Sanchez et al., 2018).
An environment that can properly motivate the athlete
to achieve better performance is needed. However, it is
important to emphasize that the most decisive actor in the
motivational environment is the coach, since during his
work he influences the athlete’s motivations both directly
and indirectly (Curran et al,, 2015). The atmosphere created
by the coach can have a positive or negative effect on the
athlete (Bortoli al., 2014). Athletes’ burnout syndrome
is often caused by an inappropriate environment. The
motivational climate is created by key individuals (e.g.
parents and coaches) who influence the athletes and set
goals and expectations for the athletes that also affect the
individuals fears about sports (Gémez-Lépez et al., 2020).
Among the many environmental components that influence
an athlete’s motivation and subsequent performance, one of
the most decisive factors is the quality of the relationship
between the athlete and the coach (Mageau & Vallerand,
2003). Both the coach and the players must strive to build
the right relationship for success and proper cooperation.
Parties with a good relationship are much more successful
than those with a bad coach-athlete relationship (Jowett
& Wachsmuth, 2020). According to Jowett and Cockerill
(2003), the establishment of a good relationship is vital, as it
has a great impact on the athlete’s motivation, as well as on
the achievement of set goals and successes. The task-oriented
environment emphasizes learning and development; thus the
coach also has a positive effect on the player’s development. In
this environment, athletes can feel equal, as this atmosphere
indicates to them that they equally contribute to the team’s
success and are an integral part of it. In such an environment,
cooperation prevails and players believe that they all
contribute to the team’s success. On the other hand, in the
case of a performance-oriented environment, the focus is on
defeating and surpassing competitors. In this environment,
it is typical for the coach to single out those players who
are better than their peers, giving them special attention,
thus illustrating that they must always give their best
performance to the competitors, and also encourages them
to compete with each other. Gives little positive feedback and
is less supportive with athletes. The results achieved are not
recorded as the success of the team as a whole, but those of
the players who perform better than their peers.

In the following, the main results of our own research
will be presented. In our research, we set out to define and
analyze a less researched segment, the motivational factors
of youth handball players.

Materials and methods

The main goal of the research was to assess the factors
affecting the sports motivation of Hungarian youth handball
players. During the research, we used the Participation

Motivation Questionnaire (PMQ) developed by Gill,
Gross, & Huddleston in 1983 as a starting point. Our final
questionnaire contained 47 questions. The questionnaire
was sent out on a national level among youth handball
players. The survey took place in the fall of 2022, and a
total of 190 evaluable questionnaires were returned. The
survey was completely anonymous, which we also assured
our respondents. In addition to demographic questions,
the questionnaire included questions related to the
motivation of athletes. During our research, we modified
the 3-point Likert scale of the original PMQ questionnaire
and used a 7-point scale in order to collect more accurate
answers. 1 represented the statement “Not at all true’, while
7 represented the statement “Completely true”.

In Hungary, youth players are divided into 3 classes (I.
II. I1I.) in both men’s and women’s fields. It is possible to
participate in the first and second divisions by promotion or
by remaining, while sports organizations can openly apply
for the third division if they meet the given criteria. We
sent the questionnaire to all teams of the first and second
division by e-mail. Before sending out the questionnaire,
we contacted the team leaders by e-mail, phone and social
media and asked them to participate in the research.

The IBM SPSS statistics 26 program was used to analyze
the data. To verify the research hypotheses, we run an
analysis of variance. The essence of this is what effect our low
measurement level variable (independent) has on the high
measurement level variable (dependent). As a general rule,
we accepted that the relationship is 0.0-0.2 weak, 0.2-0.5
medium, and 0.5-1.0 strong. Furthermore, we also examined
significant differences between the independent variables.

After a detailed study of the studies presented in the
literature review, we formulated 3 research hypotheses:

H1: A significant relationship can be shown between the
motivation of young handball players and the feeling of joy
caused by the sport.

H2: A significant relationship can be shown between
the feeling of guilt caused by quitting sports and the
disappointment of the young athletes” environment.

H3: A significant relationship can be shown between the
motivation of young handball players and the sports results
achieved.

A summary of the demographic data is presented in
Table 1. 190 people participated in the survey, of which 69
(36.3%) were boys and 121 (63.7%) were girls. Analyzing the
age composition, it can be said that most of the respondents
fell into the 16 and 18 age category, 41.5 percent of all respon-
dents were from this age group. 40 people (21.1%) played in
the Youth I. division, the fewest respondents in the Youth III.
dropped out of class, 24 people (12.6%). The number of first-
class players was 72 (37.9%), our second-class players were
66 (34.8%), while the proportion of third-class players was
27.3% (52 people). A significant number of our respondents
started playing sports on their own initiative, 133 of them
(70.0%). It is also worth highlighting the 24 people (12.6%)
who started the sport because of friends, as well as 18 people
(9.5%) who started playing handball because of family.

Results

During our research, we examined how the independent
variables established in our hypotheses affect the dependent
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Table 1. Profile of the sample (n = 190)

Table 2. Welch robust test of equality of means

Varibale N % Statistica dfl  df2 Sig.
Gender Male 69 36.3 Happiness caused by sport 9.040 2 107.009 0.000
Female 121 637  results
Age 12-15 years 64 337 a. Asymptotically F distributed.
16-18 years 79 416 For unmotivated players, the joy caused by sports
19-20 years 47 247 reached an average of 1.87, while this average was 2.91 for
Class L class 72 37.9 moderately motivated players and 3.35 for highly motivated
players (Table 3).
11 class 66 348 Since the homogeneity is broken, we examine the
III. class 52 273 results of the Games-Howell (Table 4) test. It is clear that
Years spent by playing sports  0-5 years 37 195 unmotivated players differ from moderately motivated
5-10 years 129 679 players by 1.037 average points in absolute value (p = 0.025,
’ standard error = 0.388). Between unmotivated and highly
More than 10 24 12.6 motivated players, this difference in absolute value is 1.478.
Reason of starting playing sport Friends 24 126 There was also a significant difference between moderately
Family 18 95 motivated and highly motivated players, the difference in
’ absolute value was 0.441. Based on the results of the tests, we
Own motivation 133 70.0 accept our first hypothesis.
Other 15 7.9 The second hypothesis of our research was aimed at
Total 190 100.0 examining the relationship between the feeling of guilt

variables. Significant differences between low-level variables
(independent) were also examined. Our low-level variables
were created from high-level variables, not proportionally,
but by dividing the 7-point Likert scale into 3 parts. The
first two values (1-2) were the first group, the values 3-5
were in the second group, and the values 6 and 7 formed
the third group. Since there were large differences between
our independent variables in all cases, we first examined
normality, which was met in all cases.

Table 3. Descriptive Statistics

caused by quitting sports and the disappointment of the
young athletes’ environment. Based on the literature, we
assumed that it is important for adolescent athletes what their
environment thinks. Many people want to live up to their
environment, including the coach, family, and friends, and
the desire to prove themselves in sports is stronger because
of them. When examining our second hypothesis, we first
examined the homogeneity of variance, which (p=0.000)
was damaged, so in this case we also performed the Welch
test (Table 5), in which case the relationship between the two
variables was verified (p=0.000). Based on our study, it can

95% Confidence Interval for

N Mean Std. Deviation  Std. Error Mean Minimum Maximum
Lower Bound Upper Bound
38 1.87 1.614 0.262 1.34 2.40 1 7
Moderately motivated 74 291 1.953 0.227 2.45 3.36 1 7
Motivated 78 3.35 2.082 0.236 2.88 3.82 1 7
Total 190 2.88 2.011 0.146 2.59 3.17 1 7
Table 4. Games-Howell test for phase-wise comparison among the means
Mean il 95% Confidence Interval
. td. .
Difference T Slg. Lower Upper
(I-7) Bound Bound
Moderately motivated -1.037* 0.346 0.010 -1.86 -0.21
Unmotivated
Motivated -1.478* 0.352 0.000 -2.32 -0.64
Unmotivated 1.037* 0.346 0.010 0.21 1.86
Games-Howell Moderately motivated
Motivated -0.441 0.327 0.372 -1.22 0.33
Unmotivated 1.478* 0.352 0.000 0.64 2.32
Motivated
Moderately motivated  0.441 0.327 0.372 -0.33 1.22

*. The mean difference is significant at the 0.05 level.
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Table 5. Welch robust test of equality of means

Table 8. Welch robust test of equality of means

Statistica df1 df2 Sig.

Dissapointment of the

27.955 2
environment of athletes 9

102.595  0.000

a. Asymptotically F distributed

be said that the strength of the relationship between the two
factors examined is medium (r=0.490).

The average environmental frustration was 2.84. For
those who do not feel guilty about quitting sports, the
frustration of the environment is 1.75, while for those who
feel moderately guilty about quitting sports, the frustration
of the environment is 3.08. An average of 4.28 environmental
frustrations characterized the athlete’s environment for those
athletes who felt guilty about quitting sports (Table 6). The
obtained results confirmed our assumption that a significant
part of the youth athletes are motivated to continue the sport
because they would like to respond to their environment.

Since homogeneity is broken, we examined the results
of the Games-Howell test. There was also a significant
difference between the groups here. There was a difference of
1.335 in absolute value between those who did not feel guilty
about quitting sports and those who felt moderately guilty

Table 6. Descriptive Statistic

Statistica dfl
16.918 2

df2  Sig.
116.910 0,000

Happiness caused by sport results

a. Asymptotically F distributed

about quitting sports (p = 0.000, standard error = 0.315).
An average difference of 2,533 was detected between those
who do not feel guilty and those who stop playing sports
with a significant feeling of guilt. Between those who felt
moderately and significantly guilty, the average difference
was 1.198 in absolute value (Table 7).

Based on the evaluation of the above data, we also accept
the second hypothesis.

Our third hypothesis, which we created after studying
the literature, assumed that a significant relationship can be
shown between the motivation of young handball players
and the sports results achieved. Even in this hypothesis test,
the homogeneity of variance was damaged (p=0.000), so we
used the previously proven Welch’s test (Table 8) to show the
significant relationship between the two variables (p=0.000).
During the examination of the strength of the relationship
(r=0.385), a relationship of medium strength was shown.

95% Confidence Interval for

N Mean Std. Deviation  Std. Error Mean Minimum  Maximum
Lower Bound Upper Bound
No guilt 79 1.75 1.454 0.164 1.42 2.07 1 7
Moderate guilt 61 3.08 1.865 0.239 2.60 3.56 1 7
Guilt 50 4.28 2.330 0.330 3.62 4.94 1 7
Total 190 2.84 2.110 0.153 2.54 3.14 1 7

Table 7. Games—-Howell test for phase-wise comparison among the means

Mean 95% Confidence Interval
Difference Std. Error Sig.
(1)) Lower Bound Upper Bound
Moderate guilt -1.335* 0.289 0.000 -2.02 -0.65
No guilt

Guilt -2.533* 0.368 0.000 -3.41 -1.65

No guilt 1.335* 0.289 0.000 0.65 2.02
Games-Howell Moderate guilt

Guilt -1.198* 0.407 0.011 -2.17 -0.23

Guil No guilt 2.533% 0.368 0.000 1.65 3.41
uilt

Moderate guilt 1.198% 0.407 0.011 0.23 2.17
*. The mean difference is significant at the 0.05 level
Table 9. Descriptive Statistic

95% Confidence Interval for
N Mean  Std. Deviation Std. Error Mean Minimum Maximum
Lower Bound Upper Bound

Unmotivated 60 1.90 1.446 0.187 1.53 2.27 1 7
Moderately motivated 74 2.92 1.834 0.213 2.49 3.34 1 7
Motivated 56 3.88 2.265 0.303 3.27 4.48 1 7
Total 190 2.88 2.011 0.146 2.59 3.17 1 7
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Table 10. Welch robust test of equality of means.

Mean
Difference Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

d-J)

Moderately motivated -1.019% 0.283 0.001 -1.69 -0.35
Unmotivated

Motivated -1.975* 0.356 0.000 -2.82 -1.13

Unmotivated 1.019% 0.283 0.001 0.35 1.69

Games-Howell Moderately motivated

Motivated -.956* 0.370 0.030 -1.84 -0.08

Unmotivated 1.975% 0.356 0.000 1.13 2.82
Motivated

Moderately motivated .956* 0.370 0.030 0.08 1.84

*. The mean difference is significant at the 0.05 level

The average value of happiness caused by sports results
was 2.88. In the case of unmotivated players, this was 1.90, in
the case of moderately motivated players, it was 2.92, while
in the case of motivated players, this average was 3.88 (Table
9). Based on these, it can be stated that the sports results
achieved play a role in the motivation of the examined
athletes and in their long-term maintenance.

Examining the significant difference between the
groups, we analyzed the Games-Howell table. There was a
significant difference between the three groups. There was
an average difference of 1.019 in absolute value between
the happiness caused by sports results of unmotivated and
moderately motivated players (p = 0.006, standard error
= 0.324). The average difference between unmotivated
and motivated players was 1.975 in absolute value, while
the average difference between moderately motivated and
motivated players was 0.956 in absolute value.

Based on the above results, we also accept the third
hypothesis, according to which a significant relationship can
be demonstrated between the motivation of youth athletes
and the feeling of happiness caused by the achieved sports
results.

In our own study, it was confirmed that both internal
and external motivational factors influence athletes, even
junior athletes.

Discussion

The aim of this study was to (a) assess the motivational
factors of Hungarian junior handball players and (b)
formulate development proposals for those involved in the
topic. During our own investigations, the analysis of both
internal and external motivational factors was presented.
Our first study focused on the intrinsic motivation of
athletes. In line with other international researches, we
managed to prove that the joy caused by sport is important
for Hungarian junior handball players. Intrinsic motivation
comes from within, is completely self-determined, and is
characterized by an interest in and enjoyment of participating
in sports (Vallerand, 2007). The same conclusion was
reached by Hagger and Chatzisarantis in their 2007 study,
according to which the enjoyment of sports activities is an
important factor in the motivation of athletes. The existence
of internal motivation is also important in order to achieve
long-term goals. Athletes who can identify with the values
offered by sport are able to provide high performance in
the long term (Almagro et al., 2020). According to Weiss

et al. (2012), the athlete’s level of interest in sports is related
to how much someone enjoys the sports activity, the more
someone enjoys sports, the longer they will play sports. Our
second hypothesis, according to which there is a connection
between the athlete’s motivation and his environment, was
also proven. In many cases, the participants in the study
were juveniles and were highly dependent on their parents
for moral and financial support. Extrinsic drives include
many factors that can motivate athletes, including social
inclusion, health and good looks, achievement, rewards,
money, sponsorship, fame, parents, coaches and the friends.
In the course of our research, we investigated the role of the
athlete’s wider environment among the external motivational
factors: the coach, family, and friends in the motivation
of junior athletes. According to the results obtained, the
sense of guilt that characterizes the athlete when he stops
playing sports and thereby disappoints his environment is
related to the motivation of the respondents. Our results are
also supported by Lassalle et al’s 2018 study, in which they
found that the support, help and encouragement of family
members motivates their young relatives in sports activities.
In their study, Morgan and Giacobbi (2006) emphasize that
successful athletes are born with a combination of favorable
factors, such as genetics, and supportive environmental
factors, including the support of family, coaches, and
teammates. A 2004 study by Wolfden and Holt found that
both coaches and parents play an important role in the
lives of athletes. Similarly, in their study, Scanlan et al.
(2003), believe that the level of encouragement provided
by the family and the wider environment is very important
for the sports performance of young athletes. Our third
and last hypothesis was also proven, according to which
a relationship can be shown between the achieved sports
results and the motivation of Hungarian junior handball
players. In sports, especially in competitive sports, athletes
strive for the best possible performance, every athlete wants
to perform well and win. Athletes do their best to achieve
individual and, where applicable, team goals, which requires
continuous and high-level motivation (Smela et al., 2017).
According to Mallet and Hanrahan, in their 2004 study, one
of the self-defining behaviors of athletes is that they have
strong motivation, persistence and strong desires to achieve
personal goals.

The attitude of junior Hungarian handball players
towards sports is influenced by many factors, such as the
enjoyment caused by sports activities, the sports results
achieved and the family or environmental support, which
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have a significant impact on the motivation of young
athletes, therefore the professionals working with young
athletes must jointly identify these factors that trigger and
maintain motivation must be taken into account.

Conclusions

The analysis of motivational factors is one of the fastest
growing research areas in the field of sports psychology. The
aim of our study was to examine what motivational factors
affect the sports activities of Hungarian junior handball
players. All three hypotheses set up during our research
were accepted, and we showed that the motivational factors
of junior handball players are multifaceted. Based on the
obtained results, it can be stated that in addition to the
internal motivational drive of athletes, which means the
joy given by sports, the environment and the sports results
achieved also play an important motivating role.

Our research has certain limitations, including the small
sample size, the lack of similar studies for other sports, with
which we could compare our results, thus gaining a broader
perspective on the motivational factors of handball players.
Despite these limitations, however, our study provides new
results for those interested in the topic. Those active in junior
age groups, including primarily coaches, must pay attention
to the role of these motivational factors. It is important to
make them aware that beyond the internal motivation of
young athletes, the fact that the results achieved, even if they
are not so great, definitely have a motivating effect on the
young athletes, and that the family and the environment
of the athletes also have a motivating role, therefore very a
supportive and motivating atmosphere is important.

Given the paucity of studies on junior athletes, there are
many opportunities for future research in this area. It would
be interesting, for example, to extend the research to other
sports, as well as to prepare further surveys and analyzes on
the satisfaction of junior handball players with the sport, as
well as the effect of the atmosphere between coaches and
athletes on motivation.
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AHAJI3 OAKTOPIB, AKI BIJINBAIOTb HA MOTUBAL IO
YITOPCbKUX TAHABONICTIB-IOHIOPIB

ITirep Kapakconi'**®, Kopuens Kpynmancpkmir?*“?

'O6yncpknit yHiBepcuTeT
*YuiBepcuret imeHi fHoma Cenbe

ABTOpPCHKMIT BKIAJ: A — Am3aiis gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarts: 9 c., 10 Tabn., 37 mxepert.

Merta gocmigKeHHs. Y CIOPTI, fK i B IOBCAK/IEHHOMY >KUTTi, MOTUBAIlis Bifjirpae BayK/IMBY POJIb y JOCATHEHH] iHMBiyab-
HUX Ljineii. MoTuBanis — 1e pilleHH:A MIOAMHN 3aliMaTICA MEeBHOIO OiNIbHICTIO Ta JOK/IAfaTy [JIA LIbOTO Pi3HOMaHITHUX 3yCHUJIb.
CriopT BuMarae Bif soiert 6e3repepBHIX, TOCTIIIHIX 3yCIIb, TOMY TYT lLile BaXX/IMBilIle, 11106 y criopTcMeHa 6y1a HeoOXifjHa MOTH-
Balis. bes MoTMBalLlii HEMOX/IMBO 3a/IMaTICS CHOPTOM Ha BUCOKOMY PiBHi B JOBIOCTPOKOBIii IepcreKTusi. MeTow JocmipKeHHs
Oyr1o BuB4UMTH (HPaKTOPYU CHOPTUBHOI MOTMBALII FaHOO0MICTIB IOHIOPCHKIUX K/IaciB Yropiyau. [aHf0071 — Lie 0fMH i3 HaM oMy Isp-
HIIIMX BUAIB CIOPTY B YTOpILIMHI. Y pe3y/nbTaTi MOXKHA CKa3aTy, 110 3 MOIJIARY HOBrOCTPOKOBOIO YCIiXY 1IbOTO CIIOPTY BaXK/IMBO
3HaTy (HaKTOPH, AKi MOTUBYIOTh MOJIOAVIX CHOPTCMEHIB.

Marepianu Ta Mmetogu. HeoOxifgHi fist gocmifykeHHst gaHi Mu 3ibpanu 3a JOIOMOro0 aHKeTH. [J0CTimKeHHs IPOBOAMIOCS
BoceHn 2022 poky, onutano 190 monogux cnoprcMmenis. Ilif yac Haoro fOCHiyKeHHA MM BCTaHOBU/IMN, 110 BHYTPIillIHI Ta 30-
BHiIIHI MOTMBAaIIiiTHI (aKTOPM OFHAKOBO BasK/IMBI AJIs1 yTOPCHKUX MOIOAUX TaH/0OMICTIB.

PesynpraTi. 3a JOIOMOrOI0 CTATUCTUYHUX PO3PAXYHKIB MM IOKA3yEMO CTATUCTUYHO 3HAYYIINII 3B A30K MK MOTUBALIi€I0
CIIOPTCMEHIB i PaficTIo, AKYy JJapye CIOPT, YHMKHEHHAM PO3YapyBaHH:A, CIIPMYMHEHOTO OTOYEHHAM 4epes3 NMPUIMHEHHA 3aHATDb
CIIOPTOM, i JOCATHYTYMM CIIOPTUBHMMM Pe3y/IbTaTaMu.

BucHoBKu. Pe3ybraTy 11bOro ZOCIPKEHHS CTAaHY Th KOPUCHMM PeCyPCOM IS TUX, XTO LIiKaBUTbCs FaHAO0/I0M, 11106 Kpalie
PO3IJLAHYTU MOTUBALiHI paKTOpH, AKi JONOMAraloTh 3pO3yMiTu MOTUBAL{I0 MOJIOAMX CIIOPTCMEHIB i AKi € BaYK/IMBUMM IJIA T10-
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Abstract

Study purpose. Physical inactivity and excessive screen time engagement among school-aged children is a global
issue which is known to be linked with sedentary lifestyle. Several studies were conducted about sedentary behavior
among children, but still lacking is a review paper that analyzes the current trends and issues on physical inactivity
and excessive screen time. This study aims to identify the current issues and trends on physical activity and screen
time among school students discussed in the articles published from 2018-2022.

Materials and methods. Quantitative and qualitative methods were used in this study. Quantitative approach was
used to explain the trends and statistics in terms of literatures geographical dissemination and specified topic or
themes developed within the period from 2018 to 2022. Qualitative approach was implemented to establish patterns
and themes. This study generates themes and patterns from the articles published from 2018 to 2022. Thirty articles
were included via database searched from SCOPUS, SportsDiscus and PubMed.gov. Thematic analysis was done

using ATLAS.ti 22.

Results. Five main themes were generated: 1) behavioral impact; 2) engagement level: age and gender specific;

3) association to socio-economic status; 4) impact on adiposity; and 5) school curriculum role.

Conclusions. Excessive screen time and physical inactivity have a diverse effect on young populations health.
Understanding the patterns and themes generated in this study will be of great help in terms of designing a program
of activity that will counter measure the negative effect associated with sedentary lifestyle.

Keywords: screen time, physical activity, sedentary lifestyle, children.

Introduction

Physical inactivity is one of the current health global
concerns among children. Majority of the school students
are experiencing this phenomenon. According to Zhu et al.
(2019) sedentary lifestyle among children was significantly
high globally. In connection to that, World Health
Organization (2020) created a guideline for physical activity
and sedentary behavior. Recommended engagement time
for physical activity among children and adolescents was at
least average of 60 minutes per day and less than 2 hours of
spending time on screen as well Bull et al. (2020). Compliance

© Piores, V.E, Omar Dev, R.D., Muhamad, M.M.,
& Binti Puad Mohd Kari, D.N., 2023.

" Croper

~3

/ TMOB

: @ TOB 0BC

[
T

=]

and other related factors to the movement guidelines become
a popular topic to explore across the globe.

Despite of being one of the concerns in child’s develop-
ment over previous decade, managing the lifestyle in terms
of being active and lessening the screen engagement time
among society was still an issue Scully et al., (2022). Move-
ment guidelines were made to address the public health issue
about inactivity but the pattern of non-compliance was still
emerging (Moitra et al., 2021). Meeting the recommended
movement guidelines was still a problem in the community.
Seems that society was normalizing the trends among school
students as they accept that the said phenomena was part of
kid’s and youths’ daily life or activities. Hashem et al. (2018)
describes that excessive screen time and inability to engage
in movement exercises was extremely integrated in current
technologically advance community. According to Ngantcha
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et al. (2018) several activities by adolescents are connected
and achieved through the use of technology such as internet
and gadgets. Kids nowadays consider gadget use as signifi-
cant part of their daily activities (Kidokoro et al., 2022)

Vast improvement on technology that provides advance
gadgets and web applications that capture young populations
interest will be additional factor for sedentary lifestyle (Wang
et al., 2018). Recent studies shows that negative health
related impact among children was linked to sedentary
behavior, studies identified duration of exposure to gadget
and movement engagement time as its main contributors
(Zhang et al., 2020). Supported by Toledo-Vargas et al.
(2020) stated that children and youth development was
significantly affected by screen time engagement and being
inactive and Zhang et al., (2020) concluded that unfavorable
health consequences are linked to children physical activity
engagement level.

Overall, these phenomena warrant a better understand-
ing that can help to achieve the improvement that research-
ers and health practitioners were aiming which is compli-
ance to the movement guidelines and managing the negative
effect associated to sedentary lifestyle. Most of the articles
recommend to develop an intervention program or activities
specifically designed and anchored to the factors that affects
inactivity. Therefore, this review was driven by the impres-
sion that managing physical activity and screen time engage-
ment must be an issue and factor specific to be effective.
There is a limited review article on current issues and trends
on sedentary behavior. Hence, the purpose of this paper is to
examine current issues and patterns in physical activity and
screen time among school students’ literature from 2018 —
2022 to provide knowledge and understanding on dealing
inactivity and gaining insights for possible future studies.

Therefore, this study aims to generate themes according
to issues and patterns that have been discuss in physical
activity and screen time among school students’ literature
from 2028-2022 through following research question:

RQ: What are the current issues and trends on physical
activity and screen time among school students discussed in
the articles published from 2018 - 2022?

Materials and methods

Articles that serve as to be the main data for this review
were gathered via SCOPUS, SportsDiscus, PubMed.gov
searches. Mendeley was also used to organized the metadata
needed in the review.

According to Braun & Clarke (2008), thematic analysis
is the process of recognizing the pattern and establishing
themes trough in-depth reading on the topic. Reviewing
themes with the use of ATLAS.ti that was introduced by
Zairul (2020) intends to analyse themes within the sets of
literature. ATLAS.ti 22 was use in analysing themes across
papers that were selected to identify the pattern and issues
in physical activity and screen time engagement among
school students. This paper aims to investigate the findings
for possible reference in future sedentary behaviour studies
and related fields.

Inclusion criteria was set for literature selection:
1) published from year 2018 to 2022; 2) participants was
school students; 3) published in a journal and full text article;
4) English as language. Literature search through data bases,
SCOPUS, SportsDiscus and PubMed.gov were done using
search string as shown in table 1.

Screen time, gadget use, screen dependen*, physical
activity, play, sports, game, exercise, child, prevalence,
occurrence and inciden* were the key words sought in
the literature search. Searching was performed on June 24,
2022 and had 1,285 articles in the results. Scopus data base
generated 278 literatures, SportsDiscuss data base resulted
423 articles and PubMed.gov data base produced 584
research works.

Searched articles from SCOPUS and SportsDiscus was
downloaded in excel file and word file for PubMed.gov as
the data base don’t have the feature of downloading articles
in excel file. Abstract screening was performed for the first
phase of literature selection. From the initial set of articles,
1,225 documents were excluded for not meeting the set
criteria. Therefore, the remaining documents were move to
the second phase of selection process which is full article
screening. During this phase, 30 articles were excluded
due to 1) not meeting the required participants which is
being school students, 2) being incomplete paper, and 3)
being inaccessible. Consequently, 30 articles were included
for the review in this study (Figure 1). Remaining papers
were uploaded to Mendeley to organize the data included
for the review process. Metadata created in Mendeley was
transferred to ATLAS.ti 22 for thematic review.

Qualitative and quantitative perspective were used to
attain the results of this article. Establishing theme was done
through qualitative approach, initial phase was through
coding, followed by categorizing and pattern recognition
so that it can be generated at different extent (Braun &
Clarke, 2008). Quantitative approach was used to describe

Table 1. Search string from SCOPUS, SportsDiscus and PubMed.gov

TITLE-ABS-KEY ( ( ( “screen time” OR “gadget use” OR “screen dependen*”
) AND child* AND ( prevalence OR occurrence OR inciden*) AND ( “Phy

SCOPUS

sical activity” OR play OR sports OR game OR exercise ) )) AND ( LIMIT-

278

TO (PUBYEAR, 2022 ) OR LIMIT-TO ( PUBYEAR, 2021) OR LIMIT-T-
O (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR, 2019 ) OR LIMIT-
TO (PUBYEAR, 2018)) AND ( LIMIT-TO (LANGUAGE, “English”) )

SportsDiscus

(“screen time” OR “gadget use” OR “screen dependen*” ) AND child* AND ( prevalence OR
occurrence OR inciden* ) AND ( “physical activity” OR play OR sports OR game OR exercise )

423

(“screen time” OR “gadget use” OR “screen dependency” OR “screen dependent”) AND child OR

PubMed.gov
OR play OR sports OR game OR exercise)

children AND (prevalence OR occurrence OR incidence OR incident) AND (“physical activity” 584
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Records identified through Records identified through
SCOPUS database (n=278) SportsDiscus search
database (n=423)

Records identified through

€ Ppubmed.gov database
(n=584)
Studies not eligible
according to inclusion
(I and exclusion
No criteria(n=1255)

Studies included

(n=30)

Fig. 1. Inclusion and Exclusion criteria for the selection process in
thematic review

the trends and statistics in terms of literatures geographical
dissemination and specified topic or themes developed
within the year 2018 to 2022.

Results and discussions

Themes and patterns are discussed in this section.
Literature geographical (research locale) dissemination,
publication frequency by year and published documents per
periodical were discussed in quantitative section as well as
identifying most word used in 30 articles.

Themes and trends were identified through qualitative
approach, 9 codes emerged during the initial coding
of the 30 articles. Possible association and similarities in
context on different codes were identified and merged some
codes which was necessary. After thorough analysis of the
preliminary codes, 5 themes and patterns were generated in
ATLAS.ti 22 (Table 2).

Quantitative reports

During the initial phase of the review, the most frequent
used words from 30 articles in word cloud impression shown
in Figure 2 were “time” (1,737) which is the most mentioned,
followed by “children” (1,583 times) and “physical” appeared
1543 times, “adolescent” gives 1512, “activity” 1363, “screen”
1290, “health” 1,259 and “school” 853. This analysis provides
preliminary idea of what are main concerns and topics
discussed in included literatures.

Patterns were analysed by geographical dissemination
of literatures by country shown in Figure 3. This analysis
shows that sedentary behaviour is a global issue, 26
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Fig. 2. Word cloud impression from 30 literatures

countries conducted research about physical activity and
screen time within the year 2018 to 2022. China has the
highest number of published articles (5) followed by Brazil,
France and Germany with three publications. European
countries (13 - Belgium, Czech Republic, Slovakia, France,
Germany, Hungary, Ireland, Italy, Lithuania, Poland,
Portugal, Romania, Slovenia, Spain) have the highest interest
in conducting studies about sedentary lifestyle followed
by Asia (Australia, Bangladesh, China, Hongkong, India,
Iran, Israel, Japan, Kuwait), South America (Brazil, Chile,
Colombia) and Russia having 9, 3, and 1 paper published
respectively.
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Fig. 3. Geographical dispersal of the research locale by country
(2018-2022)

Included in the analysis was the current trend of
published paper that discussed the five central themes
generated during qualitative analysis (Table 2). The theme
“engagement level: age and gender specific” was the most
discussed, it was deliberated 16 times, next was “impact on
adiposity” which was discussed 13 times and followed by
“association to socio-economic status”, “school curriculum
role”, and “behavioural impact” being highlighted in the
discussion 12, 8, and 7 times respectively. The following
central themes will be discussed in details in qualitative
report section.

Added to the papers analysis was the pattern of which
journals authors published their work regarding physical
activity and screen time as well as the quantity of documents
issued per year (table 3). According to the data, BMC Public
Health and Journal of Physical Activity and Health was the
most prevalent accepting 6 papers from 2018-2022. Table
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Table 2. Thematic review of physical activity and screen time from 2018-2022

Themes 2018 2019 2020 2021 2022 Total
Behavioural impact 1 1 0 3 2 7
Engagement level: age and gender specific 5 2 2 4 4 16
School curriculum role 0 1 0 1 1 3
Association to socio-economic status 4 0 3 2 3 12
Impact on adiposity 1 1 2 2 0 13
Total 11 5 7 12 10 45
Table 3. Number of articles per periodical (2018-2022)

Source title 2018 2019 2020 2021 2022  Total

Applied Physiology, Nutrition and Metabolism 1 1
BMC Pediatrics 1 1
BMC Public Health 1 1 2 1 1 6
BM] Open 1 1
European Journal of Pediatrics 1 1
European Journal of Sports Science 1 1
Frontiers in Pediatrics 1 1
Health Science Report 1 1
Healthcare (Switzerland) 1 1
International Journal of Adolescence and Youth 1
International Journal of Environmental Research and Public Health 1 1
International Journal of Public Health 1 1
Journal of Exercise Physiology online 1 1
Journal of Physical Activity and Health 4 2 6
Journal of Sport and Health Science 1 1
Journal of Sports Science 1 1
Journal of Tropical Pediatrics 1 1
PLoS ONE 1 1
Scientific Reports 1 1
Sports 1 1
Total 9 3 6 7 5 30

also shows that 2018 has the greatest number of papers
published (9 articles), next was 2021 with 7 papers followed
by 2020,2022 and 2019 having 6, 5, and 3 academic literatures
published respectively.

Qualitative Reports

Central themes were identified from a thorough
qualitative analysis. Figure 4 shows the overall network on
how to identify the issues and patterns on physical activity
and screen time engagement among school students through
thematic review. Preliminary phase of analysis provided
9 initial codes, possible association and similarities in
context on different codes were identified and merged some
codes which was necessary. After thorough analysis of the
preliminary codes, 5 themes and patterns were generated.

What are the current issues and trends on physical
activity and screen time among school students discussed in
the articles published from 2018-2022?

Theme 1: Behavioural impact

Figure 5 shows the results of extensive analysis of
behavioral impact as one of the central themes generated.
School students’ behavior was discussed in 7 literatures as
one of its focal points being affected by physical activity and
screen time engagement.

Childhood stage is one of the crucial parts for behavioral
development. According to Schaan et al. (2018) managing
the impact of screen engagement to emotional well-being
was vital to youth. More so, Toledo-Vargas et al. (2020)
stated that children and youth development was significantly
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theme 1: Behavioral impact | ¢~~~

- Theme 3: Association to socio-
economic status

(] Current trends and issues

discussed in published paper [
from 2018 -2022

Theme 2: Engagement level;

age and gender specific v

Theme 5: School curriculum
Role

Fig. 4. Overall network for current trends and issues in physical
activity and screen time among school students discussed in
published litearature from 2018-2022

Y Theme 4: Impact on adiposity

affected by screen time engagement and being inactive.
This was supported by Rashid et al., (2021) who cited that
screen activities were identified to be a prominent factor on
emotional well-being status.

According to Taheri etal. (2019), inactivity and excessive
screen time were link to behavioral effect among children,
“depression, anger, worthlessness, confusion, anxiety and
worry” are the negative impacts on child attitude. In the
study conducted by Ngantcha et al., (2018) predictors of
screen time (ST gadget used was associated to bullying
behaviors, depression symptoms and lower life satisfaction.
Additionally, excessive screen time has a negative association
to depression symptoms (Moitra et al., 2021) excess screen
time (ST. Similar findings was concluded by Hutzler et al.
(2021) that attitude towards screen engagement was linked
to violent behavior. Moreover, according to Rashid et al.
(2021) excessive screen time has negative impact on students’
behavior such as being irritability and hopelessness.

According to Kidokoro et al. (2022) types of screen
activities should be consider in terms of behavioral impact
association i.e. online platforms and applications such
as games affects female middle school age student and
watching videos on internet have negative effect on primary
school students. On the other hand, physical activity was
reported to be independently associated to behavioral
impact, compliance to physical activity recommendation
can decrease the occurrence of depression among secondary
high school students (Kidokoro et al., 2022). This was
supported by Taheri et al. (2019) which stated that negative
behavioral effect was lesser among school students who
actively engage on physical activity than those who do not,
therefore, author concluded that engagement on movement
exercises or activities has a positive impact on managing the
undesirable effect on young populations behavior.

Articles from 2018 to 2022 that focuses on physical
activity and screen time among school students included
their discussions on behavioral impact. However, Taheri
et al. (2019) posed a notion that there is a need for strong
justification that excessive screen time is a main contributor
for negative impacts on children and adolescents’ behavior.
According to Breidokiené et al., (2021) children in many
countries might be engaged in more sedentary behavior
and have limited possi-bilities to access the necessary level
of physical activity to maintain their physical and mental

health. The aim of this study was to explore the relationships
between child sedentary behavior, physical activity, mental
and physical health, and parental distress in a sample of
Lithuanian children aged 6-14 years during the COVID-19
pandemic lockdown in March-June 2020. Parents of
306 children (52.9% female gadget use was not associated to
the negative effect on students’ behavior during pandemic,
home environment that is majority affected by parents’
actions was its main factor. This suggests that future studies
can dig deeper in this particular issues.
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Theme 2: Engagement level: age and gender specific

This theme was the most discoursed by the authors,
child developmental stage by age and gender (Figure 6)
was discussed 17 times in the reviewed articles. Literatures
shows that physical activity and screen time among school
students were link to age and gender which revealed mixed
conclusions and results.

Physical activity by gender

It was discussed that boys were more inclined to
physical activity rather than girls. This was supported by
Hashem et al. (2018), pointed out that physical activity
engagement was higher in male than female. Similarly, Chen
etal. (2018) discussed that during adolescence, girls have an
issue of meeting the recommended time for physical activity
and screen time, also found out that male was inclined to
physical activity engagement than girls. Additionally, it was
pointed out that male engage on physical activity compare to
female (De Araujo et al., 2018; Tadiotto et al., 2019)BMI-z,
waist circumference (WC. Hansen et al. (2022) screen time,
and sleep affect the health of children and adolescents.
This study described the national prevalence estimates of
German youth aged 9 to 18 years who meet PA, screen
time, and sleep guidelines alone and in combination and
examined the associations of demographic and personal
characteristics with adherence to guidelines. Data from a
2019-2020 German student survey were used (n = 15,786
also found out that male has the high tendency to meet the
movement guideline recommendation.
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Screen time by gender

According to Rashid et al. (2021), gender factor has a
strong link in screen time engagement. In the study of Moitra
et al. (2021) excess screen time (ST results pointed out that
screen time was more prevalent in girls than boys. Similarly,
Zhu etal. (2019) concluded that male was most likely to meet
physical activity recommendation but not for screen time.
On the contrary, Hardy et al. (2018) stated that gender is
not a factor in terms gadget used and its association to well-
being during adolescent stage. This implies that association
varies when gender and age were considered as its factor.

Physical activity by age

Results of the literature shows the following pattern
of physical activity during adolescents. Hardy et al. (2018)
discussed that movement exercise and its impact was
considerable during adolescent stage. Similarly, Scully et al.
(2022) stated that compliance to physical activity among
adolescent is a problem. However, this was contradicted
by the results in the study conducted by Chen et al. (2018)
discussing that the age is not considerable aspect when it
comes to inactivity among school students.

Screen time by age

Prevalence of excessive screen time in relation to school
students age was observed by the authors during adolescence.
Hardy et al. (2018) pointed out that gadget used was
prevalent to adolescent compare to children. Additionally,
it was discussed that excessive screen time was prevalent in
adolescent (Moitra & Madan, 2022 and screen addiction
behaviors in 10-15 years old adolescents in Mumbai during
the COVID-19 pandemic and 2; Schaan etal., 2018). Similarly,
study conducted by Rubin et al. (2020) stated that young
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Fig. 6. Network of engagement level: age and gender specific
theme

population are most likely to comply on physical activity and
screen time guidelines compare to teen ager.

To address the issue on compliance of movement
guidelines. Chen et al. (2018) suggests that approaches
in increasing physical activity and limiting screen time
must be plan and organized according to gender needs
and assessments. Similarly, intervention must be based on
gender and age specific to increase its effectivity (Kidokoro
et al., 2022).

Theme 3: Association to socio-economic status

Socio-economic status discussed in the literatures
were parents educational background, family income and
community location classification (Figure 7).

Understanding the role and impact of socio-economic
status in compliance to movement guideline is important.
According to Chen et al. (2021), socio-economic status
among factors linked to sedentary lifestyle was difficult to
amend. However, awareness on different social and economic
condition is significant to understand its association to
sedentary lifestyle together with its undesirable health
impact (Hashem et al., 2018).

Parents educational background

Family, including parental attributes had a significant
role in achieving or meeting the movement guideline
recommendation (Rubin et al., 2020). According to Rashid
et al. (2021) screen time was affected by higher socio
-economic status such as education level. Similarly, screen
time engagement and participation in physical activity by
school students was greatly affected by parent’s educational
background (Chen et al., 2021). This was supported by
Hashem et al. (2018) who specified that excessive screen
time was linked to mother’s educational background and
pointed out that educational background of father was not
linked to inactivity. Educational level may also be associated
to movement guideline awareness, (Chen et al., 2021; Wang
et al., 2018), discussed that parent’s awareness on the limit
and suggested number of hours in terms of physical activity
and screen time engagement has positive link. More so,
Ngantcha et al. (2018) predictors of screen time (ST stated
that guidance from parents is a vital factor in terms of
managing and controlling excessive screen time engagement.

Family income

Having full access to digital technology devices and
internet can be consider as one of the causes for excessive
screen time. Rashid et al. (2021) concluded that screen
time was affected by higher socio -economic status such as
income. Similarly, Chen et al. (2021) stated that screen time
engagement and participation in physical activity by school
students was greatly affected by parent’s salary. Additionally,
(predictors of screen time (STGonzalez et al., 2022; Ngantcha
etal., 2018)predictors of screen time (ST stated that excessive
screen time was highly prevalent to students coming from
rich families than to those children come from low-income
family. Also, according to Zhang et al. (2020) health problem
linked to sedentary lifestyle was associated to income level
of the family.
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Economic status of the community

According to Schaan etal. (2018) economic classification
of the community was linked to screen time engagement.
Being a developed country plays a role in terms of decrease
compliance in physical activity for them having an extensive
improvement on technology (Hashem et al., 2018). Zhang et
al. (2020) found out children from urban part was most likely
to be affected by health-related impact brought by sedentary
lifestyle. In another study, Toledo-Vargas et al. (2020)
stressed out that some communities were having a hard time
to meet the recommended guidelines for movement and
associating it to being a low-income community. Similar
to study conducted by Scully et al. (2022) who stated that
high prevalence of inactivity was observed to among school
students living socio -economic deprived community. More
s0, Rashid et al. (2021) found out that community economic
classification has a substantial effect in terms of screen time
engagement.

According to Chen et al. (2021), socio-economic status
among factors linked to sedentary lifestyle was difficult to
amend. Therefore, participation of the community leaders
and authorities in planning and organizing intervention
strategies is important.
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Theme 4: Impact on adiposity

Another theme generated in this review was about
children adiposity (Figure 8). Authors investigated the
association of physical activity and excessive screen time
among school students” weight.

According to Hadianfard et al. (2021) school students
experiencing excessive screen time and being sedentary
were most likely to gain weight. Similarly, Taheri et al. (2019)
reported that being inactive and prolong gadget use was
associated to being overweight. Another study supports the
previous findings that Sedentary lifestyle i.e. inactivity and
excessive screen time was associated to adiposity (Moitra et
al., 2021) excess screen time (ST).

Movement guidelines were recommended by group of
health professionals to manage or control childhood obesity.

Engagementon movementexercisesoractivities have positive
effect in overweight and obesity prevention (Cabanas-
Sanchez et al., 2019). Compliance on the active lifestyle
recommendation is a factor in managing child’s weight. This
was supported by Shi et al. (2020) stated that compliance in
movement guidelines was an indicator to body mass index
(BMI) and Zhang et al., (2020) concluded that adiposity
was linked to recommendation non-compliance. Therefore,
sedentary behavior such as physical inactivity and screen
time engagement must be examined dependently. According
to (Chen et al., 2021), physical activity was not a significant
predictor for childhood adiposity, but combination of
physical activity and screen behavior instead.

Another factor that the authors identify was habit of
eating during excessive screen time. Gonzalez et al. (2022),
reported that eating during gadget used was link to adiposity.
Similarly, Wang et al. (2018) stated that food advertisement
during screen engagement might be a factor in consuming
unhealthy foods that was link to childhood adiposity.

However, several authors contradict that compliance to
movement guidelines is a significant factor in childhood
obesity. O’brien et al. (2018) concluded that compliance to
movement guidelines was not an indicator of middle school
students body mass index (BMI). Similarly, Cabanas-Sanchez
etal. (2019) concluded that prolong gadget used was not the
significant factor contributing to being overweight.
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Theme 5: School curriculum role (Figure 9)

Physical education aims to achieve fitness through body
movement such as engaging on physical exercise, organize
sports and daily activities that requires energy. Low level of
compliance in movement guidelines among school students
was one of the pressing issues towards health. Authors of
selected literatures discussed the possible role of schools in
counter measuring the sedentary lifestyle and its effect to
children.

According to Moitra et al. (2021) excess screen time
(ST) schools can play a significant role in promoting physical
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activities such as constructing and integrating specific
approaches to physical education curriculum, providing
student support in term of sports facilities availability as
well as coaching

and counseling. This was supported by Kovacs et al.
(2022) few data on how the COVID-19 pandemic and
restrictions affected children’s physical activity in Europe
have been published. This study examined the prevalence
and correlates of physical activity and screen time from a
large sample of European children during the COVID-19
pandemic to inform strategies and provide adequate
mitigation measures. An online survey was conducted using
convenience sampling from 15 May to 22 June, 2020. Parents
were eligible if they resided in one of the survey countries and
their children aged 6-18 years. 8395 children were included
(median age [IQR], 13 [10-15] years; 47% boys; 57.6% urban
residents; 15.5% in self-isolation, stated that the schools
must have an organized activity that will contribute to the
compliance of recommended movement guidelines among
school students. Aside from participation to structured
physical activities, awareness and understanding the context
of sedentary lifestyle is important for effective counter
measure strategies. Similarly, Zhang et al. (2020) pointed
reinforcing physical activity engagement among school
students can be integrated to physical education subjects
and suggested that rural schools to have improve operation
in open space activities.

Kovacs et al. (2022) few data on how the COVID-19
pandemic and restrictions affected children’s physical
activity in Europe have been published. This study
examined the prevalence and correlates of physical activity
and screen time from a large sample of European children
during the COVID-19 pandemic to inform strategies and
provide adequate mitigation measures. An online survey
was conducted using convenience sampling from 15 May
to 22 June, 2020. Parents were eligible if they resided in
one of the survey countries and their children aged 6-18
years. 8395 children were included (median age [IQR], 13
[10-15] years; 47% boys; 57.6% urban residents; 15.5% in
self-isolation reported that physical education lessons play
a huge role in keeping school students engage in physical
activities, specifically during pandemic, active participation
in physical education has significant association in
complying the recommended movement guidelines. Due to
prevalence of inactivity among school students, promotion
of physical activity engagement is starting to gain attention
as curriculum agenda (Hutzler et al., 2021). Similarly, Zhu et
al. (2019) pointed out that results from previous literatures
suggests that school’s curriculum and approaches towards
sedentary lifestyle plays a significant part.

Association of academic excessive screen time to school
students’ health was also discussed. According to Breidokiené
etal. (2021) children in many countries might be engaged in
more sedentary behavior and have limited possi-bilities to
access the necessary level of physical activity to maintain
their physical and mental health. The aim of this study
was to explore the relationships between child sedentary
behavior, physical activity, mental and physical health, and
parental distress in a sample of Lithuanian children aged
6-14 years during the COVID-19 pandemic lockdown in
March-June 2020. Parents of 306 children (52.9% female,
excessive academic related gadget used was link to adverse

outcome on health. Additionally, Hadianfard et al., (2021)
stated excessive engagement on homework among school
students have a negative association on health. Nevertheless,
non-academic screen time and school subjects related gadget
used is another context for sedentary lifestyle that might be
discuss in future researches.
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Conclusions and future study

This paper highlights the current issues and patterns
in physical activity and screen time engagement among
school students. Sedentary lifestyle is a current health global
issue among children. Movement guidelines were crafted
to counter measure the effect of prolong gadget used and
inactivity. The result shows that non-compliance to active
lifestyle recommendation was still prevalent among school
students. Despite of global interest to the topic, there is a
limited review paper that focus on the current issues and
pattern of sedentary behaviour. This article found out that
recent literatures focused on the factors of having sedentary
lifestyle and its influence to young populations health.
Effect of excessive screen time to individuals’ behaviour
is one of the focal interests from the authors and due to
mixed research outcomes, this warrants exploration for
future studies. Findings on the patterns to engagement
level: age and gender specific, suggests that strategies and
approaches to promote physical activities and counter-
measure the negative health impact of excessive screen time
must be gender and age specific. Further, socio-economic
issue can be address in partnership with community leaders
and authorities. Additionally, contradicting results from
adiposity and screen time engagement suggests that there
is a need to investigate this factor in upcoming researches.
Lastly, school curriculum is another factor that capture the
authors interest in terms of promoting healthy and active
lifestyle. It is suggested that strategies must be integrated
to physical education and school framework as well. In
summary, future study should explore on how would the
generated issues and patterns can be integrated to a large-
scale intervention program and test its effectivity as well.
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CYYACHI TEHAEHL|II TA MPOBJIEMW, NOB’A3AHI 3 MPOBEAEHHAM
YACY NEPEA EKPAHOM TA 3AHATTAMU ®I3NYHOIO
RIANbHICTIO CEPEJ, LUKONAPIB: TEMATUMHUW Ornapg,

Biktop ®enno ITiopec'45°PE, Pokcana [leB Omap [IeB'4“F,
Moxpg Moxap Myxamapn'A“PE, Tapatyn Hicca ITyax Moxp Kapi'A“P®

'Manarisiriceknit yniBepcuter Ilytpa

ABTOpCBHKNMIT BKIAM: A — FU3aiTH JOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarrs: 11 ¢, 3 Tabm., 9 puc., 31 mKepero.

Mera gocmifkeHH:. BincyTHICTb Qi3NIHOI aKTUBHOCTI Ta Ha/MipHe IIPOBE/IEHH: Yacy Iepel eKpaHOM cepef AiTell MIKiTb-
HOTO BiKy € I7106a/IbHOI0 ITPO6/IEMOI0, SIKa, SIK BiJOMO, IIOB’s3aHa 3 MAJIOPYX/IMBUM CIIOCOOOM XUTTs. Byno nposegeHo Kinbka
JOCTi/IKEHb 00 MAZIOPYX/INBOI IIOBENIHKN JiTell, ajzie JOCi HeMae OINIAI0BOI CTATTi, Y AKill aHa/i3yI0Th IIOTOYHI TEHJEHIIII Ta
po6yeMu, OB s13aHi 3 Bificy THICTIO (i3MYHOI aKTMBHOCTI Ta HaZIMIPHIM YacoM Iepel eKpaHOM. MeTOI0 [[bOr0 ZOCI/PKEHHS €
BU3HAYEHHs [TOTOYHUX IPOO/IEM 1 TEH/IEHIIilT CTOCOBHO 3aHATH (i3MYHOI0 iS/IBHICTIO Ta IPOBEEHHS Yacy mepefi eKpaHOM cepert
IIKOJLSIPIB, SIKi 0O6TOBOPIOIOTHCS B CTATTSIX, OIyO/IiKoBaHMX y 2018-2022 pokax.

Marepianu Ta MeTomu. Y LIbOMY JOC/TIPKeHHI BUKOPUCTOBYBA/IN Ki/IbKicHI Ta sAKicHI MeTopu. KinbkicHmii migxin Bukopuc-
TOBYBAJIN JIJIA MOACHEHHA TeHJEHIIIN i CTATUCTUYHMX JJAHMX 100 reorpadivHOro MONIIMPEHH JiTepaTypy Ta BU3HAYEHOI TeMU
41 TEM, p03p06neHMx nporArom 2018-2022 poxis. AkicHuiI MifXig 3acTOCOBYBA/IN /11 BCTAHOBJIEHHA maboHiB i Tem. Y LbOMY
TOCTiKEeHH] TeMM Ta LIabIOHY TeHepyIOTb 3i cTaTelt, ony6sikoBanux 3 2018 o 2022 pik. TpuauATh cTaTelt 610 BK/IOYEHO Yepes
0asy maHMx 3a mourykoM i3 6a3 ganux SCOPUS, SportsDiscus Ta PubMed.gov. TemaTn4Hmit aHa/Ii3 BUKOHYBAIN 32 JOIIOMOTOI0

mporpamHoro 3a6e3medentss ATLAS.ti 22.
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Abstract

Study purpose. The aim of this systematic review was to evaluate the effects of post-activation potentiation/post-
activation performance enhancement (PAP/PAPE) warm-up protocols on swimmers’ performance.

Materials and methods. The searches were carried out on the electronic database PubMed, Scopus, Web of Science,
and EBSCO platforms. Studies from 2010 to May 2022 related to PAP/PAPE and its effect on swimming performance
in swimmers aged between 18 and 35 were included.

Results. Nine of 333 studies were included in this review. In two studies, peak thrust improved by 13% to 19% for PAP
vs non-PAP and by 3% on performance. One study showed improvements by 10% on speed and speed fluctuation in
25 m all-out PAP vs non-PAP. Rate of force development (RFD) 15 m maximum effort was higher for dry land warm
up (DLWU) than swimming warm up (SWU). One study had higher velocity in 5 m for repetition maximum warm-up
(RMWU) and eccentric fly-wheel warm-up (EWU) vs SWU. One study demonstrated enhancements for upper-body
PAP (UBPAP), low-body PAP (LBPAP) and MIX (UBPAP/LBPAP) vs warm up based on general exercises (GEN) in
time to 25 m freestyle (T25FS). Two studies found improvements for band squats PAP compared to swimming specific
warm up (SSWU) in time to 15 m. One study demonstrated that PAP trial (PAPT) was faster than control time trial
(CTT) in 50 m and 100 m freestyle trial. Dive velocity (DV) was faster for RMWU/EWU vs SWU. One study showed
significant increase in power vertical force (PVF) and power horizontal force (PHF) after the PAP vs SSWU.
Conclusions. PAP/PAPE is one more tool that can be beneficial if adapted to the conditions of swimmers, controlling
fatigue levels, where it is performed (land or water), and most importantly, described by many coaches, the specificity
of movement.

Keywords: post-activation potentiation, post-activation performance enhancement, swimming performance.

Introduction stability between competitions and races, helping coaches
) o o define realistic goals and select appropriate training meth-
The investigation about the swimming sport perfor-  ,4s to optimize performance. There are a countless training

mance is important to analyze swimmer's progression and ethods and systems to improve swimming performance,

© Mendoza-Sagardia, E., Bezerra, A., Correia de Freitas, L.,

=5

whereas warming up before physical exercise is commonly

Gémez-Alvarez, N, Hurtado-Almonacid, Ju., Paez-Herrera, accepted as fundamental previous practice to optimize per-

J., Septilveda-Figueroa, E, Ibarra-Mora, J., Rodrigo Yarez- formance (Aagaard et al., 2002; Barbosa et al., 2020; Beato et
Septilveda, R., & Reyes-Amigo, T., 2023. al,, 2019). However, specifically in swimming, studies on the
s effects of warming are scarce, which could be due to the pool

§® TMOB
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environment, which has high humidity and temperature,
which increases the complexity of the warm-up procedure
(Neiva et al., 2014). Swimming is a complex sport where the
whole body as a whole participates in propulsion, with the
upper body being in charge of up to 90% of it (De Martino
& Rodeo, 2018). Propulsive power in the freestyle is 80% for
the stroke and 20% for the kick (King, 1995), which makes
it important to know where to focus the main activation
in the work leading up to the main activity. The warm-up
is specifically intended to: 1) improve muscle dynamics in
order to be less prone to injury and 2) prepare the athlete
for the demands of exercise (Shrier, 2008). Additionally, 1°
increase in body temperature may slightly increase tolerance
to muscle failure and should generally be until there is some
sweating (Cohen et al., 2015; Cuenca-Fernandez, Batalha
et al., 2020; Cuenca-Fernandez, Gay et al., 2020). There are
many types of warm-ups, which can be active or passive
(Aagaard et al., 2002). Passive warming refers to raising body
temperature with objects external to the body, such as a hot
shower, warm pillows, or saunas (Shrier, 2008), while active
warming is basically raising body temperature by physical
activity that generally involves non-specific movements such
as jogging, cycling and/or calisthenics (Prentice & Shellock,
1985). One of the widely used warm-up methods in sports
is post-activation potentiation (PAP). PAP is a physiologi-
cal phenomenon associated with an acute improvement in
muscle performance after a protocol of neuromuscular, me-
chanical, and biomechanical changes that may temporarily
induce performance enhancement, but the exact underlying
mechanism is not fully understood (Beato et al., 2019). The
most strongly supported explanation for the effects of PAP
relates to the large number of cross-bridges as a result of my-
osin regulatory light chain phosphorylation during muscle
contraction (Beato et al., 2019; Boullosa et al., 2018). In ad-
dition, it is proposed that PAP is the result of increased sen-
sitivity of contractile proteins to calcium (Ca2+), released
from the sarcoplasmic reticulum, the result of a cascade
of events leading to an improvement in muscle response
(Cuenca-Fernandez et al., 2017; De Martino & Rodeo, 2018).
In recent years, the taxonomy of this term has been modi-
fied, in order to find one that best suits the characteristics of
this type of pre-performance activation.

PAPE is the term that has come to replace PAP since
when talking about PAP it only refers to a physiological
mechanism responsible for improving performance in
warm-up (Boullosa et al., 2018). The reasons behind this
dualism (PAP vs PAPE) refer to the association of PAP with
verification of evoked contraction, which, in turn, would be
related to phosphorylation of myosin regulatory light chain
(MLC) during a very short period of time (<5 min) (Cuenca-
Fernandez et al., 2017). On the contrary, PAPE would be
associated with increases in voluntary performance,
mainly as a consequence of other potential mechanisms
(for example, temperature, water content) in longer time
windows (>5 min) (Blazevich & Babault, 2019). This review
will refer to PAP/PAPE as one, since the investigations of
potentiation protocols are referred to the PAP concept and
the newer ones as PAPE. Studies on the effects of warming
are scarce, specifically in swimming, which could be due to
the pool environment with high humidity and temperature,
increasing the complexity of warm-up procedure (Neiva et
al., 2014).

Swimming is a complex sport where the whole body as a
whole participates in propulsion, with the upper body being
in charge of up to 90% of it (De Martino & Rodeo, 2018).
In the freestyle, propulsive power is 80% for the stroke and
20% for the kick (King, 1995), indicating that main activation
in the work should correspond to the main activity. Most
of the few studies about swimming warm-ups provided
information on temperature of the aquatic environment,
training with elastic bands (dry), warm-up effects in different
distance protocols and intensities (Czelusniak et al., 2021),
but the information related to swimming warm-ups PAP/
PAPE is limited, but not in other sports, where over the past
decade have demonstrated positive changes in performance,
particularly in sprint or highly power-derived events (Seitz
& Haff, 2016).

PAP/PAPE protocols are increasing popularity in
swimming sport, being a good solution for shorter periods
for activation, because the competition environment tends to
have along waiting time between warm-up and competition.
It is also necessary to consider the distances in which a PAP/
PAPE protocol can have an effect, since the tests of longer
duration and/or greater distance require resistance to force
and not mainly maximum explosive speed in short periods
(Boullosa et al., 2018).

Given the few knowledge about the effect of swimming
warm-ups PAP/PAPE on swimmer’s performance and the
swimming warm-ups PAP/PAPE could be a positive method
to implement in competition. The objective of the following
systematic review aimed to evaluated the effects of PAP/
PAPE warm-up protocols on swimmer s performance.

Materials and methods

Search strategy and study selection

This review aligns with the Preferred Reporting Items
for Systematic Reviews and MetaAnalyses (PRISMA)
guidelines (Page & Moher, 2017) and was registered with
the International Prospective Register of Systematic Reviews
(PROSPERO) (registration number: CRD42022340696).
The searches were carried out in the following electronic
database platforms from the year 2010 to May 2022 PubMed,
Scopus, Web of Science, and EBSCO. The search strategy
was not limited by language and included the following
keywords: (1) Postactivation Performance Enhancement
and post activation potentation; (2) Swimmers and (3)
Swimming performance (Table 1). For the search of these
keywords, the boolean term (AND) and (OR) was used, such
as example “Post activation Performance Enhancement OR
Post activation Potentation AND swimmers AND swimming
performance” (Table 1).

The selection procedures are shown in Figure 1 and the
total references were obtained and stored on an EndNote
(EndnoteX9, Thomson Reuters, San Francisco, California)
database. Then, the duplicates were removed and a filter of
articles by titles and abstracts was carried out. After that,
the remaining articles were completely analysed and those
that did not meet the inclusion criteria were eliminated.
Finally, an integral reading and analysis of all the articles
that entered the review was made (Figure 1). No authors
were contacted for obtaining further information whenever
there was data missing.
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Eligibility criteria

Studies were considered eligible if they met all the
following criteria: a) The research involved an intervention
study with acute effect, where the PAP/PAPE characteristics
(the type of movements involved, intensity, volume, work-
to-recovery ratio (WRR) between PAP/PAPE and trial and
duration of the intervention) and control group warm-up
protocols were given; b) The PAP/PAPE response were
evaluated in swimming pool by maximum speed trial (m/s or
total time race) and collecting other swimming performance
variables (Rate of Force Development (RFD) and/or power-
output (PO); ¢) Randomized designs with controlled trials
(RCT) and RCT Crossover trials were considered. Groups
may be mixed or only one sex; d). Outcome measures
involved post warm- up, with any swimming race style
(From start race up to 5, 15, 25, 50 or 100 m evaluated in race
time); e) Participants of 18 to 35 years healthy and without
diagnosed disease or injury; f) Articles with focus reviews,
papers published in conference, dissertations, thesis or in
non-peer-reviewed journals were excluded; g) Only research
involving humans and written in English and Spanish were
considered.

Study selection

The selection criteria were based on the on the
population, intervention, comparison and outcomes (PICO)
criteria used to define the characteristics of the included
studies. The inclusion was evaluated according to the criteria
(PICO): Population: Studies with competitive level athletes
aged between 18 and 35 years. Intervention: Studies that
analyze the effects of PAP/PAPE on the performance of
swimmers. Comparator: Studies with active control group
of specific swimming warm-up and/or traditional No-PAP/
PAPE; Study design: studies RCTs and RCT crossover were
included. Outcomes: Measures involved post warm-up, with
any swimming race style or derive swimming race (From
start race up to 5, 15, 25, 50 or 100 m evaluated in race time).
Exclusion: Studies that present supplementation, doping,
pathologies, injuries and/or injuries in the last 6 months.
Also reviews, dissertations, theses, non-peer-reviewed
journals, conference citations, and/or commentaries were
excluded. One author completed the screening and selection
of studies in May 2022. First, duplicates were removed and
titles and abstracts were examined to identify studies that
met the inclusion criteria. Second, the full texts of the eligible
studies based on the screened studies were read by three
authors (EM, AB and LF) to determine their final inclusion.
Disagreements between the three reviewers were resolved
through a consensus meeting between the four authors in
October 2022. Finally, articles on acute PAP/PAPE effects on
swimmers and swimming performance were included in this
review. Figure 1 provides an overview of the selection process.

Data extraction process and data synthesis

The full texts were analyzed and after confirming the
eligibility criteria, the following data were extracted: (a) First
authorsname, publicationyear,and countryof datacollection;
(b) Participants age and sample size by group; (c) Study design
and/or group assignment; (d) Characteristics of PAP/PAPE

intervention (exercises intensity in individual maximus
repetition percentage, sets, repetitions); (e) Characteristics
of control group warm up intervention and (f) Main findings
result related to pre-defined outcomes from the experimental
group and control group, comparing each other. Data from
the included studies were extracted independently by one
reviewer (EM), consulted to other researchers (AB and LF)
and any discrepancies were resolved by consulting a third
reviewer (TRA).

Assessment of risk of bias

Three authors (EM, AB, LF) assessed study quality ac-
cording to the PEDro scale (Maher et al., 2008) in each includ-
ed study, shown in Table 2. Any disagreements were discussed
with a third reviewer (TRA) until consensus was reached. The
total PEDro score is obtained by adding points describing
the quality of papers, classified with following score points:
9-10 (excellent), 6-8 (good), 4-5 (fair), and <3 (poor).

Results

Study selection

The search strategy yielded a total of 333 references,
17 were eliminated due to duplicates, 299 were removed
by title and three by abstract. Four articles were removed
by inclusion criteria (two for mean age and two for study
type). Then, one articles were eliminated for other reasons
described in figure 1. Nine articles were included for
the presented review (Figure 1). Table 1 summarizes the
characteristics and results of the study.

—
Records identified through
§ databases
(n=333)
E PubMed: 9
1 EBSCO: 15
3 Web of Science: 298
Scopus: 11
L | Duplicate records removed
— L > (n=17)
2 Records after duplicated
s removed
] (n=316)
v Records excluded
l—' Tittle (n = 299)
P Abstract (n = 3)
Full-text articles assessed for
eligibility
n=14)
; Ful-text articles excluded with
> reasons
(n=5)
— Not mean age (n=2)
— Not RCT or Crossover (n = 2)
A The condition activity is not
described as PAP or PAPE
§ Studies included in review (=1
E (n=9)
-

Fig. 1. PRISMA flow diagram of each stage of the study selection
about the effects of post-activation potentiation/post-activation
performance enhancement (PAP/PAPE) warm-up protocols on

swimmer s performance

Studies description

All the included articles assessed the effects of a PAP/
PAPE activation protocol on swimming performance vari-
ables; an overview of the included studies is provided in Ta-
ble 1. The present review found that the number of participants

460



Mendoza-Sagardia, E., Bezerra, A., Correia de Freitas, L. et al. (2023). Effects of Post-Activation Performance Enhancement on
Competitive Swimmers' Performance: A Systematic Review

Table 1. Summary table of studies

AU 0T Sample Experimental Group intervention C.ontrol GI.‘Ollp Assessments Main Results
Country/Study Type intervention
Barbosa et al., 2020 n=12CS PAP: 700 mt + 5 min recovery + non-PAP: 1400 mt 25-m all out. Peak thrust and mean
Portugal d=12 PAP 2x5 one arm Band pull /2 min thrust were better for PAP
Crossover RCT Age=23.50 recovery between arm sets group vs non-PAP group.
+ 3.35 years Speed and speed
old fluctuation have no
significant differences
Cuenca-Fernindezet ~ n=20CS 400 mt SWU + DLWU (3 pull over SWU: 400 mt (2x50-m  15-m ME. RFD showed to be higher
al., 2020a d=11 al 85% 1MR) front crawl swim (12'5 after DLWU compared to
Spain Age=18.02 fast/12'5 smooth) SWU.
RCT + 1.39 years The force, acceleration and
old power values were lower in
DLWU compared to SWU
Cuenca-Fernandezet  n=14CS PAPE: 1 x4 ME arm-pull similar ~ SWU: 400 m assorted ~ 50-m ME. 15 m time and speed were
al.,, 2020b d=7 to arm-stroke + swimming start styles + two block better for PAPE comparing
Spain Q=7 position movement (Yo-Yo Squat).  start + 4 min dynamic to SWU but to in other
RCT Age=18.37 stretching distances
+ 1.41 years
old
Cuenca-Fernandezet  n=17CS RMWU: 1x385% 1 RMlunge +1 SWU: 400-m standard  50m trial ME BT: No differences
al., 2018 d=11 X 3 85% 1RM arm stroke warm up + dynamic DD: No differences
Spain Age=18.42 stretching DV: EWU Faster than
Crossover RCT +1.39years EWU: 1 x 4 Fly-Wheel. (Lower and SWU and RMWU
old upper limbs) UUSASS: No differences
UUSAT: No differences
T5-50M: T5 faster in
both activation protocols
compared SWU.
No differences between
protocols in 50M
T25M: No differences
between protocols
V5M-: V5 faster in both
activation protocols vs
SWU
V50M: no differences
between protocols.
Hancock et al., 2015 n=30CS PAPT: 900 mt WU + PAP (1x4x  CTT: 900 mt WU + 100-m freestyle PAP trial was
United States d=15 10-m swim using dynamic resistive 100 mt sprint ME significantly faster than
RCT Q=15 sprints while attached to a Total control trial for the first 50-
Age=19-22  Performance Power Rack) m, second 50-m and 100-m
years old
Kilduff et al., 2011 n=9CS PAP (1 x 3 - 87% 1MR) squats 1.300-m specific WU ~ PVHand PHFin  No significant difference
England 3=7 Time to 15-m ME  between SS performance
Crossover RCT Q=2 PAP stimulus compared
Age=22+2 to the DS preceded by the
years old SSWU regard time to 15 m.
Significant increase in both
PVF and PHF after the
PAP stimulus warm-up vs
SSWU.
Ng et al., 2020 n=16 CS PAP warm-up: 700 mts + 2 x 5 No PAP warm-up: 25-m all out Peak thrust increased by
Egypt d=16 CM]J 1400 m 15% in PAP vs non-PAP.
Crossover Age=122.13 Large and significant
RCT + 3.84 years differences in speed and
old speed fluctuation in 10%
in PAP compared with
non-PAP
Sanchez et al., 2020 n=10CS COM: 900-m freestyle (2 x GEN: 5 min Upper and 25-m freestyle ME COM, UBPAP, LBPAP and
Spain d=11 400-m/4x25-m sprint) Lower body Dynamic UBPAP/LBPAP mix faster
Counterbalanced RCT ~ Age=20,8 + UBPAP: COM + 3 min recovery +  stretching + 450-m than GEN
4,7 yearsold 1 x 6 eccentrics high pull MV. freestyle 70-80% MHR COM + PAP (UBPAP/

LBPAP: COM + 3 min recovery + 1

X 6 eccentric ¥2 squat MV.

UBPAP/LBPAP mix: COM + 3 min
recovery + 1 x 6 eccentric high pull
MV + 1 x 6 eccentric %2 squats MV.

LBPAP mix) were no
differences in effect in
T25FS
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Table 1 (continued)

Control Group

Autor/year/Study Type ~ Sample = Experimental Group intervention intervention Assessments Main Results

Waddingham et al., n=11CS 1: Band Squats (3x3) SSWU 15-m swimming 15-m start times were

2018 4=8 2: Weighted Jumps (3x3) start ME significantly quicker in

England Q=3 3: Drop jump 45-cm (2x5) 400-m swims the band squat protocol

Crossover RCT Age=18-22 4x50 kick/drill compared with the sport-
years old 4x50 freestyle, rest 15 specific warm-up condition

s (1-build, 2-25 fast/25
easy, 3-easy, and
4-pace)

2x15 m start race
condition

BT: Block time; CMJ: countermovement jump; CS; Competitive swimmers; CTT: Control time trial; DD: dive distance; DLWU: Dry land
warm up; DS: dive start; DV: dive velocity; ; EWU: eccentric fly-wheel warm-up; GEN: warm up based on general exercises; LBPAP:
Lower body PAP; m: metros; ME: Maximum effort; MHR: Maximum heart rate; MR: Maximum repetitions; MV: Maximum
velocity; PAP; Post activation potentiation; PAPE; Post activation performance enhancement; PAPT: PAP trial; PHF: power
horizontal force; PVE: power vertical force; RMWU: Repetition maximum warm-up; RCT: Randomized controlled trial; RFD: rate
of force development; SS: Swimming start; SSWU: swimming specific warm up; SWU: standard warm-up; T5M-50M: time to 5 and
50-m; T25M: time to 25-m; T25FS: Time to 25 m freestyle; UBPAP: Upper body PAP; UUSAT: underwater undulatory swimming
after turn; UUSASS: Underwater Undulatory Swimming After swim start; V5-V50M: Velocity to 5-m and 50-m; WU: Warm up; &,

boys; @, girls.

in each study ranged from 9 to 30, with ages ranging from 18
to 26 years. These studies were conducted in England (Neiva
et al,, 2014; Page & Moher, 2017), Spain (Maher et al., 2008;
McCrary et al,, 2015; McGowan et al,, 2015; Qrtenblad et al.,
2000) United State (Hancock et al., 2015), Egypt (Ng et al.,
2020), Portugal (Barbosa, Jia Wen Yam, Danny Lum, 2020). All
the included studies evaluated and compared the acute warm
up PAP/PAPE effects with a control group which performed
a traditional warm-up. All participants were informed about
the study procedure and an introducing session was provided
to familiarization in a different day previous their assessments.

The type of exercise intervention consisted in submaxi-
mal singles efforts session protocols compared with a tradi-
tional swimming warm up protocol. In terms of the recovery
between warm up and trial, different times were given to each
swimmer in order to obtain their best recovery duration, with-
in a range between 15 secs to 12 min. Additionally, the swim-
ming variables assessed: were 15-m start; FT; T5M; T15M;
T25M; T50M; T100M; BT; SS performance; DS; PVF; PHF;
BT; RFD; DD; DV; UUSASS; UUSAT; V5M; V50M. Two
studies assessed different performance swimming variables in
order only to obtain the arm-pull in front-crawl performance
while the legs held a pull-buoy (Barbosa, Jia Wen Yam, Danny
Lum, 2020) and the flutter kick using a kickboard on hands
(Ng et al., 2020). Two studies (MacIntosh et al., 2012; Ng et al.,
2020) measured swimming variables; Peak thrust and speed
and speed fluctuation in 25 m all-out. Peak thrust improved
13% to 19% (Maclntosh etal., 2012; Ng et al., 2020), only 3% on
performance (MacIntosh et al., 2012) and have no differences
on speed and speed fluctuation in 25 m all-out (MacIntosh et
al., 2012) while in other study improvement by 10% (Ng et al.,
2020). One Study (Maftiuletti et al., 2016) assessed the rate of
force development and power in 15 m maximum effort, where
experimental group (DLWU) showed to be higher than ac-
tive control (SWU) when is performed in dryland, but not in
force, acceleration and power values, which could not improve
performance. Two studies found improvements on time to
15 m (Mabher et al., 2008; Page & Moher, 2017). Two studies

(McCrary et al., 2015; Neiva et al., 2014) showed no significa-
tive differences in the same distance (15 m) for experimental
groups (EWU and RMWU) vs active control group (SWU).
The same study (Cuenca-Fernandez et al., 2019) showed that
EWU and RMWU groups were faster than SWU on time to
5 m. One study (Sanchez et al., 2020) demonstrated enhances
in experimental groups (UBPAPA, LBPAP and MIX) vs active
control group (GEN) in 25 m speed (T25FS). Two studies
(Maher et al., 2008; McCrary et al., 2015) found no differences
in 25 m and 50 m between experimental group (PAP/PAPE;
RMWU; EWU) vs active control group (SWU). One study
(Hancock et al., 2015) demonstrated that PAP/PAPE was fast-
er than control trial in 50 m and 100 m freestyle trial. One
study (Cuenca-Fernandez et al., 2019) had higher velocity in
5 m for experimental conditions (RMWU and EWU) vs ac-
tive control condition (SWU). One study (Cuenca-Fernandez
et al., 2019) did not show differences between protocols in
velocity for 50 m. One study (McCrary et al., 2015) had no dif-
ferences in BT, DD. DV was faster, UUSASS and UUSAT had
no differences between experimental groups and control ac-
tive group. One study (Kilduff et al., 2011) showed significant
increase in both PVF and PHF after the PAP/PAPE stimulus
warm-up vs control active group (SSWU).

Discussion

The purpose of this systematic review was to evaluate
the effects of PAP/PAPE and on swimming performance.
PAP/PAPE is a relatively new phenomenon in sport and
exercise science, which provides coaches with a good tool
with which to impact sport and performance (Sarramian et
al,, 2015). It was found that the type of PAP/PAPE protocols
(dryland, water, upper body, lower body or a combination
of the two limbs, etc.) had effect on performance. Yet, in
all studies, it was found that after PAP/PAPE warm-up,
protocol swimmers improve at least one swimming variable
on swimming performance. As is already known, the warm
up is a well-accepted activity in most sport and impacts

462



Mendoza-Sagardia, E., Bezerra, A., Correia de Freitas, L. et al. (2023). Effects of Post-Activation Performance Enhancement on
Competitive Swimmers' Performance: A Systematic Review

Table 2. Quality assessment/ PEDRo Scale

Criteria: Selection Comparability Outcomes

Studies: 1 2 3 5 6 7 8 9 10 11 Score Quality
Waddingham et al., 2018 Y Y N Y N N N Y Y Y Y 6 Good
Hancock et al., 2015 Y Y N Y N N N Y Y Y N 5 Fair
Kilduff et al., 2011 Y Y N Y N N N Y Y Y N 5 Fair
Cuenca-Ferndndez et al., 2018 Y Y N Y N N N Y Y Y Y 6 Good
Ngetal,, 2015 Y Y N Y N N N Y Y Y Y 6 Good
Sanchez et al., 2020 Y Y N Y N N N Y Y Y Y 6 Good
Cuenca-Fernandez et al., 2020a Y N N Y N N N Y Y Y N 4 Fair
Cuenca-Fernandez et al., 2020b Y Y N Y N N N Y Y Y Y 6 Good
Barbosa et al., 2020 Y Y N Y N N N Y Y Y Y 6 Good

PEDro score is obtained by adding points describing the quality of papers, for example, 9-10 (excellent), 6-8 (good), 4-5 (fair),
and <3 (poor), Yes (Y); No (N). Maher CG, Moseley AM, Sherrington C, Elkins MR, Herbert RD. A Description of the Trials,
Reviews, and Practice Guidelines Indexed in the PEDro Database. PhysTher 2008; 88(9): 1068-77.

the body’s physiology and primes the athlete to perform
at a high intensity with a lower risk of injury (Bishop,
2003). Understanding the specific impact, a warm-up and
specifically PAP/PAPE and swimming performance has on
time would benefit both coaches and swimmers.

Peak thrust, speed and speed fluctuation in 25 m all-out

In-water test, using arm-pull in front-crawl, while
lower-limbs were held by a pull-buoy on a 25 m all-out bout,
the findings were that after PAP/PAPE sets, have a large
improvement in arm-pull thrust (about 13% to 19%) and
a small improvement in performance (almost 3%) when
a one arm band pull for each arm PAP/PAPE protocol
was applied. Variables commonly used to characterize
thrust are strongly correlated (50-75% of variance). Peak
thrust and mean thrust were better for PAP/PAPE group
vs non-PAP group (Barbosa et al., 2020). Speed and speed
fluctuation have no significant differences (Barbosa et al.,
2020). In other study (Ng et al., 2020), the researchers
assessed front-crawl flutter kick while only holding on
to a kickboard after a PAP/PAPE protocol vs Non-PAP/
PAPE situation. There was a medium-large enhancement
of the kicking thrust in 15,14% (peak thrust) and whereas
kinematics and performance improved by 10% (speed and
speed fluctuation) after a warm-up that includes PAP/PAPE
sets comparing to non-PAP/PAPE situation. In one study
(Takagi & Wilson, 1999) using differential pressure sensors
on a triathlete, swimming at 0.8 m/s, thrust was noted as
ranging between 20-40 N with each arm-pull. In another
study, selecting the same set-up, but at 0.90 m/s, authors
reported peak force ranging between 35-50 N. The peak
force of an US Olympic champion, swimming at 1.66 m/s,
was estimated to be 175 N by 3D video analysis and vector
computation (Schleihauf et al., 1988). In another study, also
on an US Olympic champion, but not reporting the swim

speed, the peak thrust in the upsweep was 134N (Higdon,
1979). Conversely, using a tethered technique, the mean
thrust and peak thrust were 39N and 158N, respectively
(Higdon, 1979). A coupled biomechanical smoothed
particle hydrodynamics fluid model estimated a peak force
0f250-300 N at 1.45-1.47 m/s, on a highly-skilled Australian
swimmer (Cohen et al., 2015). Therefore, if benchmarked
with literature, and having as reference the competitive
level of the swimmers recruited and the swim speed, thrust
values are within the expected range. Although both studies
were performed holding a pull-buoy between legs and
other using a kickboard on hands, these are variables that
could determinate the swimming performance and the
mechanisms of pull-arm thrust and flutter kick on swimmers
to improve race in competition. If a sprinter races the 100 m
freestyle in 50 s, a 2.5-3.0% improvement in performance
translates to a 0.98-1.25 s reduction in the final race time.
Converting a d=0.18 to percentile gain, it represents a 7%
improvement. Le., everything else being equal, undergoing
PAP/PAPE can lead to moving up 7 places in a ranking
featuring 100 contenders. According to some studies (De
Martino & Rodeo, 2018; King, 1995), the upper-limbs are
90% involved in thrust power and for freestyle is a 80%,
while only a 20% for lower limbs, which could not explain
the different small results in speed and speed fluctuation by
Barbosa et al (Barbosa et al., 2020) when the potentiation
protocol is targeting to upper limbs, whereas in lower limbs
PAP/PAPE protocols, the speed and speed fluctuation were
faster than control (Ng et al., 2020). Therefore, both upper
and lower limbs are relevant to improve the swimming
performance in race, especially in 25 m distance as
evidenced before. It is important to understand due to the
large amounts of variables that it is possible to extract, one
may wonder how redundant are they. Le., if these variables
can be interpreted interchangeably. More studies are needed
to give a conclusion about the different styes and distances.
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Rate of force development and power
in 15 m maximum effort

Rate of force development (RFD), which is derived from
the force or torque time curves recorded during explosive
voluntary contractions (Aagaard et al., 2002) hereafter also
referred to as rapid or ballistic actions is increasingly evalu-
ated to characterize explosive strength of athletes. In swim-
ming performance could be relevant to develop the RFD
to produce fastest movement during the race. In the study
Cuenca Fernandez et al. (Cuenca-Fernandez, Batalha, et al.,
2020), RED showed to be higher after DLWU compared to
SWU. The force, acceleration and power values were lower
in DLWU compared to SWU when the potentiation pro-
tocol was performed in dryland. The force, acceleration
and power values were lower in DLWU compared to SWU.
Therefore, potentiation responses were present after the re-
sistance warm-up, but they were not accompanied by PAP/
PAPE effects. however, there are several reasons to discuss
why it would be inappropriate to link the effects provided by
DLWU with this response mechanism. first of all, as muscle
biopsy was not conducted to verify the phosphorylation lev-
els (Vandenboom, 2017), it prevented a conclusion favoring
the presence of PAP/PAPE effects. Thus, the results of this
study were based on an alternative interpretation provided
by the encoder dynamic recordings The peaks reached in
force and velocity after SWU were not achieved after DLWU,
which seems to be lower average values on these variables. At
this point, it is important to note that the RFD in this study
was calculated as the slope of the force-time curve. There-
fore, the reduction of the slope within the stroke-cycle pro-
duced a shorter time to reach the peak, which could result
in higher RFD. This fact has been reported in other studies
(Blazevich & Babault, 2019; Mafhuletti et al., 2016), where
apparent RFD increases did not produced performance en-
hancements. Mechanic factor are very important to improve
the performance in race. This study (Cuenca-Fernandez,
Batalha, et al., 2020) concluded that an improvement in RFD
is not enough to enhance the velocity, force, acceleration
and impulse in 15 m ME, and the water mechanisms are
not transferred from DLWU warm up. The improvement of
RFD led in fastest strokes but also could explain the shortest
length strokes. These could explain the reduction in velocity,
acceleration, force and impulse.

Time to 5m, 15m, 25 m, 50 m and 100 m freestyle

Cuenca-Ferndndez et al. (Cuenca-Ferndndez et al,,
2019) found a great improvement in the first meter’s
race to 15 m under two PAP/PAPE protocols (EWU and
RMWU). Time to 5 m was faster in both activation protocols
compared SWU (Cuenca-Fernandez et al., 2019). The results
obtained suggested that protocols based on PAP/PAPE could
generate improvements in the first 15 m. Waddingham
(Waddingham et al., 2021) also concluded that 15 m start
times were significantly quicker in the band squat protocol
compared with the sport-specific warm-up condition.
However, because of either fatigue or a modification in the
swimming patterns, the final performance obtained with
the experimental protocols (RMWU and EWU) in Cuenca-
Fernandez et al (Francisco Cuenca-Fernandez et al.,, 2019)
was not better than that obtained with the SWU.

In other studies (Kilduft et al., 2011; Ng et al., 2020) there
were not significant differences between SS performance
PAP/PAPE stimulus compared to the DS preceded by the
SSWU regard time to 15m. It is important to mention
that one of the studies did not evaluated the whole body
swimming performance, but only assessed the flutter kick
performance, which could be relevant in only a 20% of
propulsion in freestyle (De Martino & Rodeo, 2018; King,
1995). Cuenca-Fernandez et al. (Cuenca-Fernandez, Gay et
al., 2020) also found a performance improve at 15 m after the
PAP/PAPE in eccentric machine, compared to the standard
situation, but not in the subsequent meter marks. However,
PAP/PAPE benefits are most effective when a rest period
is provided between conditioning exercise and competitive
activity (Seitz & Haff, 2016). Reasoning that makes sense if we
look at the model proposed by Sale (Sale, 2004), since fatigue
and potentiation are two inherent responses to contractile
activity and the predominance of one over the other can have
a crucial influence on performance. In trained athletes, this
state of fatigue can dissipate relatively quickly, while the state
of phosphorylation can last up to 5-8 minutes while waiting
for the aforementioned maximum muscle contraction to be
required by the body.

The other distances did not show significative differences.
In the beginning the race, some gains on performance as a
consequence of the PAP/PAPE warm-ups were registered on
the block. For instance, the improvement on diving velocity
after EWU showed that swimmer’s flight waslongerand faster.
In addition, this improved performance was transferred to
the swimming time and velocity at the beginning of the race
(5 and 10 m marks), where the swimmers have just entered
the water and have not executed actions other than gliding or
underwater swimming. No differences were found between
protocols in 50 m, time to 25 m (MacIntosh, Robillard &
Tomaras, 2012; Maffiuletti et al., 2016), this could be due
to the great fatigue accumulate after both experimental
conditions resulting in a deteriorated kinetics and kinematics
variable. Rest interval between conditioning exercise and
measurement of performance outcome is also a point of
contention in the determination of the most effective use of
PAP/PAPE. In Cuenca-Fernandez et al (Cuenca-Fernandez
et al, 2018), only 6 min was given between the potentiation
protocol and trial, and a recent meta-analysis indicates that
a rest interval of 8-12 minutes provides the greatest benefit,
which could explain the reduce of performance (Hancock
et al., 2015). In other hand, Hancock et al. (Hancock et al.,
2015) noticed that 6 minutes of rest between the conditioning
swims, and the 100-m swim was adequate to enhance swim
performance. However, some have suggested that true
muscle potentiation dissipates as quickly as 5 minutes after a
conditioning exercise (MacIntosh et al., 2012).

Hancock et al. (Hancock et al., 2015) has shown that
not only 100-m freestyle performance can be improved
as a result of a PAP/PAPE loading protocol performed
before the event, also the first and seconds 50 m race. For
the 100 m race the mean time for the PAP/PAPE trial was
significantly faster than the mean time for the control trial
when the activation protocol was 4 set of 10 m swimming
with an individualized weight being tethered to a system
pulley adapted machine. In addition, the PAP/PAPE trial
showed a trend for improvement in the first 50-m of 0.26
seconds over the control trial, which is a large margin in
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sprint swimming where races are routinely decided by tenths
and hundredths of a second. The results for the second
50-m split were similar to those of the first, with the PAP/
PAPE trial being 0.27 seconds faster than the control trial.
It may be hypothesized that the warm up environment
plays an important role in the PAP/PAPE protocol and if
is applied in swimming pool could be more effective for
the swimmer’s sensibility water. Sanchez et al. (Sdnchez
et al., 2020) demonstrated that pre competition activation
protocols based on eccentric contractions performed for
upper limbs, lower limbs or mix enhances the swimmer s
men performance in T25EL when added and comparing to a
general warm-up. In this sense, the lower volume performed
in GEN (500-m) compared to the other protocols (900-m)
could have negatively influenced the metabolic changes
necessary to improve performance in T25 m (Neiva et al,,
2014). However, their PAP/PAPE effect is not observed when
added to a specific competition warm-up. Pre-competition
activation protocols directed at the upper, lower, or upper +
lower limbs seem to offer similar effects, although the latter
(combined upper + lower limbs) require more demand and,
therefore, could be less efficient.

Velocity in 5 and 50 m

Cuenca-Ferndndez et al. (Cuenca-Ferndndez, et al.,
2018) assessed the velocity up to 50 m. The results showed
that higher velocity was obtained to 5 and 10 m with both
experimental protocols EWU and RMWU compared with
the SWU protocol. No differences in velocity were found
at any point between 15 and 50 m between the 3 protocols
applied. It could be concluded the same as before. The lack
of fatigue tolerance plays an important role in performance.
Although, it does exist an improvement in the first
swimming performances speed, the lack of capacities to
keep the velocity up to the end of the race or more than
10 m, could be due the need of adaptation to the stimulus
and fatigue tolerance. If we observed the result obtained in
another study (Cuenca-Fernandez, Gay et al., 2020), after
the 6 weeks training, following the application of the PAP/
PAPE warm-up, the starting speed increased and swimming
time and speed improved at 25, 40 and 50 meters, which
suggests that the subjects were capable of attaining a better
balance between fatigue and potentiation.

Block time, dive distance, dive velocity, underwater
undulatory swimming after swim start,
underwater undulatory swimming after turn

According to Cuenca-Fernandez et al. (Cuenca-
Fernandez et al., 2018), and though BT and DD showed
no differences, the analyses of the DV and takeoff angle
yielded superior values, i.e., faster and higher values, with
the experimental protocols, specifically after EWU. In
the study was not possible to discern if improvements at
start came because swimmers changed the takeoff angle or
because lower limbs muscles were potentiated. Nonetheless
when the kinetics variables were measured, some improve
in performance as a consequence of the PAP/PAPE warm-
ups were registered on the block. For instance, some
improvement on DV after EWU showed that swimmer’s
flight was longer and faster. DV demonstrated to be faster

for EWU than SWU and RMWU (Cuenca-Fernandez et
al., 2018), which could be due the differences between
PAP/PAPE protocols, where the improvement was seen
after the eccentric protocol, this is according to a study
(Cuenca-Fernandez, Gay et al., 2020) which analyzed the
relationships between specific strength training using an
inertia training machine and swimming performance. It was
found significant improvements at the 100 m marks, which
were associated with the gains in strength and power caused
by the training. This study (Cuenca-Fernandez et al., 2018),
experimented with the effects of a standard warm-up on
performance in a speed swimming test compared to a PAP/
PAPE warm-up which included specific maximum strength
exercises executed on an eccentric training machine. The
total distance during underwater undulatory swimming
was similar between the 3 protocols studied, both after the
swimming start and after the turn. These results in this
study (Cuenca-Fernandez et al., 2018), could be explained
because the warm up protocols are not focus in the whole-
body specific technique, specifically, underwater, resulting
in a not one-hundred percent transferrable ability to water.

Power vertical force and power horizontal force

Measuring the PVF and PHF is important to understand
the starting block in swimming performance and the forces
from both variables. The result of starting block jump to the
pool comes from PVF and PHF average forces and can be
useful for swimmers in SS. The measures were obtained from
a star block platform with a 10° elevation. In a study (Kilduft
etal,, 2011) there was a significative increase in both PVF and
PHF after the PAP/PAPE stimulus warm-up vs SSWU. How-
ever, there were not differences in 15 m SS between condi-
tioning protocols and standard or individualized race specific
warm up. Although these two variables showed an enhance-
ment in the jump from the block start, the results suggested
that those variables (if are well-trained) could be relevant to
improve the total time race, especially in 15 m race. Breed
and Young (Breed & Young, 2003) identified CM] perfor-
mance as being significantly related to flight distance attained
via grab, swing, and rear- weighted track starts. An additional
finding there is a strong negative correlation between lower
body strength and time to 15 m. The mechanisms behind the
link between strength and starting performance (e.g., power)
are probably multi-factorial in nature. For example, heavy-
resistance training has been shown to induce hypertrophy
within the high force-generating type II fiber isoforms (West
etal, 2011) and concomitantly increase the size and number
of the sarcoplasmic reticulum (Q@rtenblad et al., 2000), thus
increasing the rate of release and reuptake of calcium, and
improving muscle contraction and relaxation rate (Ross &
Leveritt, 2012) all of which would be positive adaptations
for increasing power in the swim start. Also, there is a strong
relationship between lower body strength and PVF and PHF
indicating the important role force production plays in swim
starts; this is further supported by the relationship between
lower body strength and time to 15 m.

Limitations

One of the important limitations observed in this sys-
tematic review is related to the lack of statistical informa-
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tion from a meta-analysis, which could limit the precision
of the data to give an exact conclusion of the results. On the
other hand, the change of nomenclature from PAP to PAPE
was a limitation for the understanding of both concepts,
where some researches the potentiation and performance
improvement effect were only referred as PAP, instead, now
the PAP effect has been widely explained by an increase in
the phosphorylation of the myosin light chain that occurs
in type II muscle fibers, with or without effects in perfor-
mance enhancement. Therefore, for the newest researches
from 2019, PAP effect by its self, does not explain the whole
performance enhancement resulting from the changes in
other variables such as: changes in temperature, flexibility,
technique and phycological activation, etc., which PAPE
does. For these reasons, these concepts (PAP/PAPE) as one
was a limitation.

Conclusions

The present systematic review, concluded that PAP/
PAPE is one more tool that can be beneficial if it is adapted to
the conditions of swimmers (competitive level), controlling
fatigue levels, the environment where it is performed (land
or water), and most importantly still, described by many
coaches worldwide, the specificity of the movement. The
most favorable results of the PAP/PAPE in the current
review are from movements that focus on swimming
gestures, such as: the lunge in the jump height at the start of
the platform, the first meters of swimming in a “fly-wheel”
device and specific swimming works on a pulley adapted
for the so-called “stroke” or swimming arm movement, and
when the trial were short distances like 15 m in SS. The
negative effect in conditioning protocols were when there
was not an adaptation long or middle-term training period
for PAP/PAPE and when the fatigue was higher in trial
after potentiation protocols. An important aspect in order
to obtain benefits from the potentiation protocol is when
after the PAP/PAPE stimulus, a time of at least 8 minutes
is carried out to guarantee recovery from the fatigue given
before the competition or swimming test.

Practical applications

It is common to see swimmers perform different types
of warm-ups for training and competitions through ballistic
stretching, increasing their breathing and heart rate, or clap-
ping the difficulty of their chest or extremities. Although
many of these protocols are common (not being the objective
of this review), swimmers are required to integrate protocols
that have been studied and proven by sports science and not
reject an extra activation protocol. It is recommended that
coaches and swimmers include PAP/PAPE in their training
protocols, at least for short sprints, and/or to improve the
first meters and, finally, based on the results given in this
review. The exercises with which they were carried out and
saw benefits in the PAP/PAPE can be integrated and adapted
to the training as a method of transfer to the aquatic envi-
ronment, and above all, that the systematic training of the
potentiation protocols is trained for at least 6 weeks for it to
be adapted to the needs of the swimmers and their tolerance
to fatigue.
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BMJIUB MOCTAKTUBALIMHOIO NOCUJIEHHA
PE3VJIbTATUBHOCTI HA PE3VYJIbTATUBHICTb NMNJIABLIB,
AKI 3BMATAIOTbCA: CAICTEMATUYMHUN OrNAag,
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Hikomac Tomec-AnbBapec®*?, Xyan Yprago-Anbmonacup*?, YKaxnin [Taec-Eppepa*s?,
®enine CenynpBema-Pirepoa'sP, [[xkeccika Ioappa-Mopa*AP, Poapiro SIupec CenmynpBema® P,

Tomac Peitec- Amiro!*ABCPE
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*Tlancpkuil KaTOMMIBKNUI YHiBepcuTeT B Banpnapaicio
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Merta gocnimpKeHHs. MeTo0 IIbOr0 CUCTEMATIYHOTO OIVISIAY 6Y/I0 OLiHUTH BIUIMB IIPOTOKO/IIB PO3MIHKY ITIOCTAKTUBALIIHOL
HoTeHianii/mocrakTuBaniitHoro nocuwieHHs pesynpraTuBHOCTI (PAP/PAPE) Ha pe3yIbTaTUBHICTD IJIABIIIB.

Marepianu ta MeTogu. [Touryku mpoBOAMIN B e/IeKTPOHHII 6asi faHux Ha miardopmax PubMed, Scopus, Web of Science ta
EBSCO. Bynu BxymoueHi gocimkeHHs, onyoikosani 3 2010 poky 1o TpasHs 2022 poKy, I10B’A3aHi 3 IPOTOK0/IOM po3MuHKy PAP/
PAPE Ta j10r0 BI/IMBOM Ha pe3y/IbTaTMBHICTD IJIaBaHH:A Y IUIABLiB BikoM Bif 18 10 35 pokiB.

Pesynbraru. lo poro orany 6ym/1 BKJIIOYEH] fieB ATh i3 333 mocmimkennp. Y GBOX JOCTIIKEHHAX MaKCMaIbHa KOpOTKOYac-
Ha TATa HoKpammaacsa Ha 13% — 19% nys PAP nopiBHAHO 3 He-PAP i Ha 3% mofo pesynbraTuBHOCTI. OfHe [OCIiIKeHH A I0KA3a7I0
noxpaiieHHs Ha 10% IBUAKOCTI Ta KONMMBaHb IIBUAKOCTI Ha AVCTAHLII 25 M i3 TOBHUM 3acTocyBaHHAM PAP nopisu:aHO 3 He-PAP.
IIBupkicts 3poctanna cuan (RFD) Ha ucTaHiii 15 M 3 MaKCMMaIbHUM 3YCHIULAM OyIIa BUIOIO A/ po3MuHKY Ha cytui (DLWU),
HDK Jy1s1 posMuHKY 11iff gac miaBadHs (SWU). OpHe fOCIIiKeHHS TI0Ka3ajio BMINY IUBMIKICTD Ha JUCTAHINI 5 M JI/I1 PO3SMMHKI
3 HOBTOpHUM MakcumyMoM (RMWU) i posMuHKY Ha eKCIjeHTpudHOMY MaxoBoMy Koreci (EWU) HOpiBHAHO 3 pO3MUHKOIO T
vac raBaHHA (SWU). OnHe focrmimpkeHHA POfieMOHCTpPyBano MokpameHHA A PAP Bepxuboi wactuam tina (UBPAP), PAP
HIDKHDOI yactunu Tina (LBPAP) i smimanoro nporokony posmunku MIX (UBPAP/LBPAP) nopiBHAHO 3 pO3MIHKOIO Ha OCHO-
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(SSWU) y uaci Ha gucranii 15 M. OfHe JOCTIIKeHHA IPOJIEMOHCTPYBAIO, o Crpoba 3a nmpoTokonoM posmuukn PAP (PAPT)
6yra mBUAIIO 32 KOHTPOIbHY cipoby Ha ac (CTT) na gucranuii 50 M i 100 M BinbayM ctunem. [IBupkicts sanypenus (DV)
6ymna Buioro At RMWU/EWU nopisusino 3 SWU. OnHe gocmipKeHHs II0Ka3a/10 3HaYHe 30i/IblIIeHHs BepTUKAIbHOI CKIIaffOBOI
cwmn (PVF) i ropusonransroi cknagosoi cvu (PHF) micnst PAP nopisasizo 3 SSWU.

Bucnosxku. [Tporokon poamunku PAP/PAPE - e 1je oayH iHCTPYMEHT, KMt MOXe Oy TV KOPUCHUM, AKIIO /I0T0 afjaliTyBaTu
o (’pisqumx KOHZIMIIiJ II/TaBIiB, KOHTPOJIIOIYY PiBHI BTOMU, CEPEJOBUILA I0r0 BUKOHAHHA (sems1g 41 Bofa), a TOJIOBHE, OIMICAHE
6araTbMa TpeHepaMmi, Crenniky pyxy.
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Abstract

Study purpose. The increasing amount of research in Exercise and Sport Sciences emphasized the use of increasingly
heuristic statistical tools appropriate to the aim in terms of qualitative, quantitative, and qualitative-quantitative data.
Often, a lack of knowledge of statistical tools and their appropriateness for data analysis, especially between the use of
parametric and non-parametric statistical techniques, is encountered by researchers. This requires the indispensable
use of statistical experts, who, for the comprehensive understanding of the research design, need the use of human
and economic resources that could probably be used differently and more efficiently. The aim of this study was to
provide a list of the most used statistical methods in Exercise and Sport Sciences, focusing on the distinction between
parametric and non-parametric statistical processing for both quantitative and qualitative research.

Materials and methods. The method was the literature review with argumentative elaborations concerning the

validity of the use of the statistical tools.

Results. A total of 22 statistical tools, both parametric and non-parametric, were found: 5 useful to test relationship,
7 to compare two groups and 10 to compare two or more groups. For each statistical tool, a scientific paper related to

Exercise and Sport Sciences was collected.

Conclusions. These data allow developing potential guidelines, applying to Exercise and Sport Sciences, for the
rigorous model of research projects with a systematic use of statistical processing in the complete hypothesis of the

study.

Keywords: statistical analysis, parametric, non-parametric, guidelines, researchers, training.

Introduction

The increasing amount of research in the Exercise and
Sport Sciences (ESS) field emphasized the use of increasingly
heuristic statistical tools appropriate to the aim in terms of
qualitative, quantitative, and qualitative-quantitative data.
The ability to assess performance, using tests, to derive
information related to the effectiveness of training protocols,
to determine the relationship between certain parameters, or
simply to get feedback on the state of the athlete is a quality
that is increasingly in demand in the sports field (Rojas-
Valverde et al., 2020). Statistical and methodology errors
are very common in sports science research (Sainani &
Chamari, 2022). Expert researchers in the field of ESS often
lack adequate formation in the use of statistical tools and

© Aliberti, S., D’Elia, F., & Cherubini, D. , 2023.
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their appropriateness for data analysis, especially among the
use of parametric and non-parametric statistical techniques.

Another problem concerns the recruitment by journals
of peer reviewers who are responsible for improving the
quality of manuscripts for publication by eliminating
serious methodological errors (Altman, 2002; Schroter et
al., 2008). Journals do not check the competence of peer
reviewers, who often pass over the statistical section, because
they do not consider themselves capable to give an opinion
about it. As a result, several manuscripts may be published
with a statistical misapplication, which is replicated by
other researchers, starting a vicious cycle that results in
the publication of manuscripts with a low methodological
quality. For example, a very common basic error is not
reporting the assumption of data normality, a necessary
requirement for the application of parametric tests (Kamuk,
2020). In fact, in case of non-normally distributed data, non-
parametric statistics should be applied. Inappropriate use of
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statistical tools leads to misinterpretation of data (Mishra et
al., 2019).

To overcome these problems, the scientific literature
recommended increasing the collaboration among research-
ers and statisticians. Including experienced statisticians in
the research team could help improve the design and quality
of data analysis. In a systematic review conducted by Sainani
et al. (2021), only 13.3% of the articles selected in 2019 in
ESS field had a co-author affiliated with a department of bio-
statistics, statistics, data science, data analysis, epidemiology,
mathematics, computer science, or economics. Very often,
this collaboration did not seem to be successful. Difficulties
in communication may arise because statisticians, in most
cases, were not experts in the ESS field epistemology (Raiola
et al., 2018; Raiola, 2019ab; Raiola, 2020). As a result, they
must argue with the researcher for a different interpretation
of the results obtained from statistical processing. In fact,
statisticians tend to be more cautious regarding the inter-
pretation of the data or a statistical significance. Thus, the
full understanding of the research design required the use of
human and economic resources that could probably be used
differently and more efficiently. Another suggestion to over-
come this problem was to improve statistical training within
ESS degree programs (Sainani et al., 2021). The literature
suggested that to improve the quality of research, a change
at the institutional level was needed (Smaldino & McElreath,
2016). Researchers can attempt to learn applied statistics
through university lectures, but also through guidelines with
practical examples in the ESS field. This would also save hu-
man and economic resources.

Consequently, the aim of this study was to provide a list
of the most used statistical methods in the ESS field, focusing
on the distinction between parametric and non-parametric
statistical processing for both quantitative and qualitative
research. The utility was to provide guidelines to researchers, so
as to facilitate the choice of statistical tool, based on the objective
to be achieved through practical examples in ESS field.

Table 1. Statistical tools to test relationships

Materials and methods

Materials for analysis

The method was the literature review with argumentative
elaborations concerning the validity of the use of the statistical
tool. Scholar was used as a database to search the articles,
who are selected based on the author’s area of expertise
(ESS). The keywords used were “sports science” “training”
“exercise” “statistics” “parametric” “non-parametric’.

Organization of the study

After the article of interest was identified, we proceeded
with the analysis of the research method, going on to identify
the variables examined, the statistical tool and the objective
of the study. Correlational, comparative and experimental
studies were included. Descriptive studies were excluded
because they did not involve the use of statistical tests.

Methods of analysis

Synoptic tables schematized the characteristics of the
included studies with their statistical tools. Specifically,
statistical tools, both parametric and non-parametric, with
their own assumptions and a practical example in ESS field,
were reported.

Results

About 22 articles were examined. For each statistical tool
(parametric and non-parametric) a scientific article relating
to ESS was selected. Statistical tools, with their meaning,
assumptions to be met and an example of a study in the ESS
field are included in tables, divided into three categories:
testing relationships, comparing two groups, comparing
more than two groups. Table 1 showed the statistical tools

Aim Assumption

Statistical tool Example

Linearity; normality; no sig.
outliers; 2 related continuous v.

Pearson To assess the relationship between
the different COD tests (Pereira et al.,

2018).

To measure the strength

- . NPA; monotonic relationship; at ~ Spearman To examine the association between
and direction of .
. . least 1 ordinal v. BMI and MC (Lopes et a., 2012).
relationship between 2 v.
NPA; monotonic relationship; Kendall To explore the correlation between
ordinal/continuous v.; small anxiety, motivation, and others c.v.
sample size (Ruffault et al., 2020).
Testing ) o o . - .
relationships  Predictive analysis to Linearity; normality; no Regression To assess the predictive capacity of

explain the relationship
between 1 d.v. and 1/

more i.v. . .
dichotomous i.v.

sig. outliers; independence;
homogeneity of variances;
large sample size; quantitative/

psychological profile on competitive
anxiety, moods and self-efficacy in
handball players (Reigal et al., 2020).

NPA; independence; large sample Chi Square /
size (Chi Square); low sample size Fisher
(Fisher); 2 categorical v. (at least

To test the relationship

between 2 v. of 2 levels)

To compare differences in

inclusion perceptions between 2
types of dancesport athletes and
sociodemographic factors (Aliberti et
al,, 2022).

Note: BMI, body mass index; COD, change of direction; d.v., dependent variable; i.v., independent variable; MC, motor coordination;

NPA, non-parametric assumptions; v, variable /s
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Table 2. Statistical tools to compare two groups

Aim

Assumption

Statistical tool Example

To compare the sample mean
with a standardized/hypotetical
value

d.v.

To compare the median sample

Normality; no sig. ouliers;
independence; 1 continuous

NPA; 1 continuous v.

One Sample t-test

To determine the difference
between the mean/median of

Wilcoxon One motor score with a standardized

with a standardized/hypotetical Sample Signed- value (Alsaedi, 2020).
value Rank test
To compare the mean differences Normality; no sig. outliers;  Paired Samples To determine the difference
between 2 paired measurements/ 1 continuous d.v; 1 i.v. (2 t-test between pre-post running in
conditions or 2 halves/side ofa  categorical levels); related terms of jump height (Yu et al.,
subject groups 2020).
To compare the medians NPA; related groups; 1 Wilcoxon Signed-  To compare the function of the
between 2 paired measurements/ ordinal/continuous d.v.; 1 Rank test dominant and non-dominant
conditions i.v. (2 categorical levels) hands (Armstrong & Oldham,
Comparing 1999).
2 groups To compare the mean differences Normality; no sig. outliers;  Independent To investigate the effects of latin

between 2 different groups

To compare the mean ranks
between 2 different groups

unrelated groups

To test differences on a
dichotomous d.v. between 2

related groups groups

independence; homogeneity
of variances; 1 continuous
d.v; 11iv. (2 categorical
levels); unrelated groups

NPA; independence; 1
continuous/ordinal d.v;; 1
i.v. (2 categorical levels);

NPA; 1 dichotomous d.v;; 1
categorical i.v. with 2 related

Samples t-test dance (respect to non latin-
dancers) on postural control,
stability, and dynamic balance

(Kili¢ & Nalbant, 2022).

Mann-Whitney
U test

To examine the impact of gender
on hand dexterity (Haward &
Griffin, 2002).

McNemar’s test To compare the score of some
questionnaires assessing physical
activity, quality of life and sleep
before and during pandemic

(Wingerson et al., 2021).

Note: d.v., dependent variable; i.v., independent variable; NPA, non-parametric assumptions; v, variable /s

that have the objective of testing relationships between
variables, including Pearson, Spearman, Kendall, Regression
and Chi Square/Fisher.

Table 2 contained the statistical tools intended to
compare two groups, including One Sample t-test, Wilcoxon
One Sample Signed-Rank test, Paired Samples t-test,
Wilcoxon Signed-Rank test, Independent Samples t-test,
Mann-Whitney U test and McNemar’s test.

Table 3 showed the statistical tools aimed to compare two
or more groups including One-way ANOVA, Kruskal-Wallis
One-way ANOVA, One-way repeated measures ANOVA,
Friedman test, Cochran’s Q test, One-way ANCOVA, Two-
ways ANOVA, Two-way repeated measures ANOVA and
multivariate analysis, comprising One-way MANOVA and
One-way MANCOVA.

Discussion

The present literature review aimed to collect the most
used statistical tools, both parametric and non-parametric,
in ESS field, explaining their meaning, usefulness and
requirements for use, concluding with an application example
for each one. We started from the simple relationship to
the comparison of two or more groups. The first step, when
collecting data, is the calculation of descriptive statistics,
which allow us to collect, summarize and interpret data
through coefficients, including central tendency and
dispersion indices, and the observation of graphs. This step

allows us to figure out which statistical tool to choose if our
goal is to go beyond describing the data. The next step is
inferential statistics, which allow us to generalize the results
obtained from data collected on a sample to the population
from which it was drawn. They are used to test hypotheses
and to make population estimates. There are two types of
tests: parametric and non-parametric. The choice depends
on the objective, the nature of the data and the testing of
assumptions. Parametric tests, to be applied require several
assumptions, as shown in the tables, the most important of
which are normality of data, homogeneity of variances, and
a large enough sample. When the data violate one of the
assumptions, non-parametric tests, also called distribution-
free, are used.

1. Pearson correlation (r) is a parametric measure
that produces a correlation coefficient that measures the
strength (+1) and direction (increasing/decreasing) of
linear relationships between pairs of continuous variables.
The non-parametric counterpart is the Kendall or Spearman
coeflicient for nonnormal distributions by calculating ranks
of the data (Akoglu, 2008). It is therefore useful for testing
how one variable varies as the other varies, such as between
different ability tests or between coordination and body
mass index (BMI) (Lopes et al., 2012; Pereira et al., 2018).

2. Regression analysis is a predictive analysis to explain
the relationship between a dependent variable and one or
more independent variables, for example the capacity of
psychological profile on competitive anxiety, moods, and
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Table 3. Statistical tools to compare two or more groups

Aim Assumption Statistical tool Example
To compare the mean  Normality; no sig. outliers; One-Way To test the differences in postural
differences of more independence; homogeneity ANOVA control in 3 groups: judoists,

than 2 groups

of variances; 1 i.v. (2/more

categorical levels); 1 continuous

d.v.

To compare the mean
ranks of more than 2

groups continuous d.v.

To compare the mean
differences between 2/
more related groups
. groups

Comparing

more than 2

groups (11v. To compare the mean
ranks of 2/more
related groups

To test differences
on a dichotomous
d.v. between 3/more
related groups

more categorical levels)

NPA; independence; 1 i.v. (2/
more categorical levels);1 ordinal/

Normality; no sig. outliers;
sphericity; 1 continuous d.v.; 1 i.v.
(2/more categorical levels); related

Kruskal-Wallis

dancers and CON group (Perrin et
al., 2002).

To verify the impact of age (3-level)

One-Way on performance of the Moberg
ANOVA Pick-Up Test (Amirjain et al., 2007).
One-way To investigate the effect of an 11-
repeated week intervention of classical ballet

measures
ANOVA

and contemporary dance training
on hip extensor flexibility and

NPA; 1 group measured 3/more
times; 1 ordinal/continuous d.v.

NPA; related groups; large sample
size; 1 dichotomous d.v;; 1 i.v. (3/

strength (Di Pasquale & Wood,
2017).

To compare humor subscales of 3
basket matches (Pinto et al., 2022).

Friedman test

Cochrans Q test  To test the changes in physical
activity and its importance in 3
different time-points in elderly

(Lefferts et al., 2022).

To test the adjusted The same of one way-ANOVA One-way To compare the changes in agility
mean differences + 1/more continuous cov.; ANCOVA between 2 groups, EXP (plyometric)
between 2/more i. linearity between cov. and d.v; and CON, using pre-test scores as
groups (unrelated) on homogeneity of regression slopes; covariate (Chtara et al., 2017).
adwv homogeneity of cov.
To compare the mean  The same of one-way ANOVA + 2 Two-ways To compare changes in YBT-
differences between i.v. (2/more categorical levels) ANOVA LQ among athletes with gender
groups split into 2 and sports classification (one vs.
Comparing factors multiple) as i. factors (Gorman et
more than 2 al,, 2012).
groups To compare the mean The same of one-way repeated Two-ways To compare the effect of a 12-week
(2iv) differences between measures ANOVA + 2 within- repeated low-volume HIIT training (EXP
related groups split subjects factors (2/more measures and CON) on body composition,
into 2 factors categorical levels) ANOVA strength, balance, and mobility
(Garcia-Pinillos et al., 2019).
To simultaneously Normality; no sig. outliers; One-way To determine differences in SMS
compare the means of homogeneity; large sample size; ~ MANOVA subscales between competitive
multiple d.v. across 2/ indipendence; 2/more continuous and non-competitive windsurfers
o more i. groups d.v; 1i.v. (2/more categorical (Modrofo & Guillén, 2016).
Comparing i. levels)
groups on more ) o
than 1 d.v. To simultaneously The same of one-way ANCOVA + One-way To examine difference between
compare the adjusted ~ 2/more continuous d.v. MANCOVA medallist and non medallist fencers

mean differences of
multiple d.v. across
2/more i. groups

in anthropometry, PP and MC,
using maturity and chronological
age as cov. (Norjali et al., 2018).

Note: CON, control; cov., covariate /s; d.v., dependent variable; EXP, experimental; HIIT, high intensity interval training; i.v.,
independent variable; MC, motor coordination; NPA, non-parametric assumptions; PP, physical performance; sig., significant; SMS,
sport motivation scale; v, variable /s; YBT LQ, Lower Quarter Y Balance Test

self-efficacy in handball players (Reigal et al., 2020). Then
there are different types of regressions depending on the
variables collected and the objective.

3. Chi Square is a non-parametric independence test
that crosses two variables through a cross table with the
objective of testing for dependence. It is useful for processing
questionnaire responses or comparing differences in
perceptions between two samples. One example is to analyze
differences in perceptions between athletes with and without
disabilities toward sports inclusion (Aliberti et al., 2022).

Fisher’s test has the same function but is used when there is
a value less than 5 in the adjacency table. The Chi Square is
often accompanied by Phi (¢), Cramer’s V (V) or odds ratio
(OR), to quantify the strength of the association identified
(Kim, 2017).

4. Several t-test students were found. The first is the one-
sample t-test, useful to compare the sample mean with a
standardized/hypothetical value. The non-parametric is Wil-
coxon One Sample Signed-Rank test. The most used measure
of effect size for a t-test is the Cohen’s d (Cohen, 1998).
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5. The paired dependent samples t-test compares the
mean differences between two paired measurements/
conditions or two halves/side of a subject. For example, it
can be used to test for the existence of a difference in pre-test
post-test scores, difference in measurements taken under
two different conditions in the same subject, difference in
measurements taken from two halves or sides of a subject.
The analogous non-parametric test is the Wilcoxon Signed-
Ranks test.

6. The independent samples t test compares the
mean differences between two different groups. The non-
parametric versions s the Mann-Whitney U test. An example
can be comparing postural control, stability, and dynamic
balance in Latinists versus non-Latinists (Kili¢ & Nalbant,
2022).

7. McNemar test is used to test differences on a
dichotomous variable between two related groups.
Practically, it measures the consistency in responses across
two variables for example the difference in dichotomous
answers of some variables before and during pandemic
(Wingerson et al., 2021).

8. One-way ANOVA compares the means of two or
more independent groups. For example, it is used to test for
differences in postural control in three different groups of
athletes (Perrin et al., 2002). Only in the case of significance
is the post hoc test such as, for example, the Bonferroni post-
hoc considered because the ANOVA is an omnibus test, i.e., it
does not specify between which groups there is significance;
consequently, post hoc allows for rotational comparisons
between groups. The analogous non-parametric test is the
Kruskal-Wallis One-way ANOVA. Partial eta squared (12)
is the most commonly way to measure the effect size of
different variables in ANOVA models (Richardson, 2011).

9. One-way ANOVA with repeated measures is used
to compare three or more groups composed of the same
subjects. For example, it can be useful when we want a pre
- in itinere and post intervention group, like three basket
matches, to verify the changes in humor (Pinto et al., 2022).
The non-parametric version is the Friedman test.

10. Cochran’s Q test is used to determine whether there
are differences on a dichotomous dependent variable (2-level
like yes/no) between three or more related groups. For
example, it is used in longitudinal studies (differences over
time). An example would be to test the changes in physical
activity practice and its importance in three different time-
points (Lefferts et al, 2022).

11. One-way ANCOVA (analysis of covariance) is an
extension of one-way ANOVA to incorporate a covariate.
The covariate is a variable that can influence the results,
consequently, it is included in the statistical calculation to
control for it. An example of a covariate might be the pretest
score of a physical test, when the objective of the study is to
compare the changes in agility between two groups (Chtara
etal., 2017).

12. Two-way ANOVA is used to test the interaction
between the two independent variables, for example the
gender and sports classification, on the dependent variable,
like balance test (Gorman et al., 2012). Then, the ANOVA
can be three-way or more-way, depending on the number of
independent variables.

13. Two-way ANOVA for repeated measures is used
to compare mean differences between groups that have

been divided on two within-subjects’ factors. It is one of
the most widely used instruments in experimental studies
with pre-test post-test design with control group. An
example of a study is testing the effect of a 12-week low-
volume HIIT training (experimental and control group) on
body composition, strength, balance, and mobility (Garcia-
Pinillos et al., 2019) where the two within-subjects variables
are time x conditions.

14. Finally, we have included an example of multivariate
analysis, starting with the one-way MANOVA, used to
determine whether differences exist between independent
groups on more than one continuous dependent variable.
One example is to test the differences between competitive
and non-competitive windsurfers on sports motivational
scale score (Modronio & Guillén, 2016). MANOVA can be
two or more way, depending on the number of independent
variables.

15. One-way MANCOVA, on the other hand, is an
extension of the one-way MANOVA that incorporate a
covariate, like ANCOVA. An example is to examine the
difference between medalist and non-medalist fencers in
physical performance, coordination, and anthropometry,
using maturity and chronological age as covariate (Norjali
etal., 2018).

Conclusions

This study collected the most useful statistical tools in
the ESS field by explaining their meaning, assumptions,
non-parametric version, and a practical example for a better
understanding of their application. Future studies could
further explore the application of each statistical tool in
the ESS field. An institutional change is required to better
prepare future researchers by proposing university courses
(D’Elia, 2019; D’Isanto, 2019; D’Isanto et al., 2022) aimed to
improve the knowledge and application of statistical tools
according to the objective. Meanwhile, these data allow the
predisposition of potential guidelines, applying to ESS, for
the rigorous model of research projects to systemic utilize
of statistical processing in the complete hypothesis of the
study. Furthermore, the study aims to urge researchers to
first investigate the nature of the data, and then test the
assumptions necessary to be able to apply a statistical tool,
which may be parametric or non-parametric.
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NOPAAM WLOAO CTATUCTUYHUX IHCTPYMEHTIB AN1A METO/AIB
AOCNIAXKEHHA B TANY31 ®I3UYHUX BMPAB | CMOPTUBHUX HAYK

Capa Ani6epri'*®°P, ®panvecka [I'’Enis’**°E, [Tominiko Kepy6ini'A#<P

'Karomupkuii yHiBepcuteT CBATOrO AHTOHIA
*YuiBepcuret CanepHo

ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykomucy; E — 36ip komtis

Pedepar. Crarts: 12 c., 2 Tabn., 1 puc., 43 mxepena.

Merta mocmimKeHHs. 3pocTaioya KiIbKICTb JOCTIKeHD Y raxysi ¢pisu4HNX BIOpaB i CIOPTUBHUX HAYK Hafla/la 0COOIUBOTO
3Ha4YeHHsA BUKOPMUCTAHHIO Jiefiasli O1/IbIl eBpUCTUYHNX CTATUCTUYHMX iHCTPYMEHTIB, AKi BifiIOBifaloTh MeTi 3 MOMIARY AKICHUX,
KUIBKICHUX Ta SIKICHO-KIIbKICHUX faHuX. YacTo JOCTifHNKN CTUKAIOTHC 3 OpaKOM 3HaHb IIPO CTATUCTUYHI IHCTpyMeHTH Ta iX
IPUATHICTD /I aHAMI3y JAaHUX, 0COONMMBO MK BUKOPUCTAHHAM ITapaMeTPUYHUX i HelapaMeTPUYHNUX CTATUCTUYHUX METOJIB.
Ile Bumarae 00OB’sI3KOBOTO 3a/Iy4eHHs CTATUCTUYHMX €KCHEPTiB, sKi [y BCeOIYHOrO pO3yMiHHsI CXeMHU IIPOBeJeHHs JOCIi-
IPKEHH: HOTPeOyI0Th BMKOPJUCTaHH JIIOJICHKIX Ta eKOHOMIUHMX pecypciB, sKi, iMOBipHO, MO)KHa Oy/10 6 BUKOPMCTATH iHaKIIIe Ta
edexTuBHime. MeTOI0 1IbOr0 JOCTIKEHH OY/I0 HaBeIeHHsI IePeiKy CTAaTUCTUYHUX METOJIB, AKi Hail4acTille BUKOPUCTOBYIOTh
y ranysi GpisudHMX BIIpaB i CHOPTMBHMX HAyK, 30CEPeIKYIOUM yBary Ha BifMIHHOCTI MiX ITapaMeTPUYHOIO Ta HellapaMeTPUIHOI0
CTAaTUCTUYHOI 0OPOOKOI0 5K JUIsl KIIbKICHMX, TaK i /IS AKICHUX JOCTifI)KEHb.

Marepianu Ta MeToan. Metogom 6YB OIJIsI TiTepaTypyu 3 apryMEHTOBAHUMI YTOYHEHHSIMH IIJ0/{0 OOIPYHTOBAHOCTI BUKO-
PUCTaHHA TaKMX CTAaTUCTUYHUX iHCTPYMEHTIB.

PesynbraTu. 3arasom 0y/0 3HaiifileHO 22 CTAaTUCTUYHI IHCTPYMEHTH, SIK MapaMeTpU4Hi, TaK i HelapaMeTpUyHi: 5 KOPUCHMX
IS TIepeBipKM HasABHOCTI 3B’AA3KY, 7 — Ji/IA HOPIiBHAHHA ABOX TPyl i 10 — /1 MOpiBHAHHA ABOX a60 6iyblie rpyrL. [I1a KOXXKHOTO
CTaTHCTUYHOTO iHCTPYMeHTY Oy/Ia minibpaHa HayKOBa CTATTs, IIOB sI3aHa 3 (i3MYHMMIY BIIPaBaMy Ta CIIOPTUBHUMI HayKaMIL.

Bucnosku. 11i faHi J03BOIAIOTh PO3POONUTH MOTEHIIHI peKOMEeHAAL], 110 CTOCYIOTbCs (Pi3MYHUX BIPaB i CIIOPTUBHUX
HayK, [/I1 CyBOPOI MOJIE/i JOCTiTHNLBKIX IIPOEKTIB i3 CMCTeMaTUYHIM BUKOPUCTAHHAM CTaTUCTUYHOL 06p061<1/[ B IIOBHIl TiIT0-
Te3i TOCTiI>KeHH .

Knrovosi cnoBa: craTucTMYHMIT aHAIi3, TapaMeTPUYHNIL, HellapaMeTpUYHNI, PeKOMeHallil, ZOC/IiIHNKY, HABYaHHS.
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IHCTPYKLIIi 419 PELLEH3EHTIB

Ileit >xypHan e peneHsoBanuM. OpuriHanbpHi
HAyKOBi CTaTTi, MOBifOMJIEHHA Ta OINANYM Ha[CUIAIOTHCA
IJIL pO3INANY OJHOMY 3 peleH3eHTiB. PelleHsyBaHHA
BinbyBaeThCs 3a MOABIHOW crinoio cxemomn. CraTti, sAKi
MalOTh IO3UTUBHI OLIHKM MPUIIMAIOTbCA O MyOmiKaril.
Pepakiiist sxypHany sanuinae 3a co60io IpaBo BHECTHU 3MiHU
IO TEKCTY, 106 BifTIOBiTaTH CTaHAApTaM CTYIIO XXYPHAITy
Ta MOBH.

[onoBHMII peflakTOp XKypHATy BU3HAYA€ BiIIOBiIHICTh
crarti mpodinio XypHany, BUMOraM g0 OQOpPMIIEHH:
i mampaBisie 1i Ha pelleH3yBaHHsA (axiBIjio, IO Mae
HaiO17bII OMM3bKY O TEMU CTATTi HAYKOBY CIIeliasiisaliiio.
PenjensyBaHHS IPOXOAUTD 32 MOABIHOK C/IIIIOI0 CXEMOIO.

Y KOXHIiIl CTaTTi y mpolleci peleH3yBaHHA 3aBXAU
POSITIANAIOTHCA:

e eTUYHI aCIeKTH;

e OpUTiHA/IBbHICTb TBOPY;

o BaxBicTh iHOpManii;

e YiTKICTb Ta 3pO3YMIJIICTb TEKCTY;

e JOLI/IbHICTb BUKOPUCTAHHA METOJIB NOCTiI>KEHH;

o iHTepmperalia pesynbTaTiB;

o OOIPYyHTOBaHICTb BICHOBKIB.

TumoBuit mepiof, HeoOXiZHMIT [/Is1 NpPOBeHEHHs
peLeH3YBaHHA CKIJa€ 4 TYDKHI.

ETnyHi npuHumnnn y pisanbHoOCTI peLeH3eHTa

PenensenT 3pilicHIoe HeymepemXxeHe d¢axoBe
PpelieH3yBaHHA IIOJaHO]I 1O PO3ITIAAY CTATTi HA OCHOBI TaKMX
IPUHLMAIIIB:

e PpCLEH3eHT IOBMHEH IIOBA)XKaTH iHTENEKTYa/lbHY
BJIACHICTb aBTOPIB, i pO3I/IAAATA PYKOIMC CTATTI, 1[0
HaJilIIOB Ha pelieH3YBaHHA, AK KOH(DifeHIiHNIA,
SIKUIT He MOYKHA TIepeiaBaTy /sl O3HANOM/IEHHS 260
06roBOpeHHs TpeTiM 0cobam, sIKi He MalOTh Ha Iie
IIOBHOBA)XEHD BiJl peflaKiiil;

o peleH3eHT 3000B’s3aHMil faBaTy OO €KTUBHY
OLIiIHKY BMKJIaJleHUM pe3yabTaTaM JOCHiJ[)KeHHS,
MepPCOHA/IbHA KPUTMKA aBTOpa HEIIPUITYCTHMA;

e y pasi xoH(mikTy iHTepeciB 3 aBTOpOM, CIif
MOBiJOMUTM MpPO 1le pefaKTopa 3 IPOXaHHAM
BMK/IIOYUTH JIOTO 3 IPOLECY pelleH3yBaHHA JNaHOI
CTaTTi.

MoniTnka wopo nnariaty

Pemaxuis )xypHany BBa)Ka€ HENPUITHATHUM HaABHICTb
mrariaty B CTaTTAX (ONPUTIOfHEHHS y HMUCHMOBIN abo
eTIEKTPOHHIN (pOpMi HAyKOBUX pe3y/IbTaTiB, OTPUMAHUX Ta
OLIPM/TIONHEHMX iHIIMMY 0CO6aMM, K pe3y/IbTaTiB BIaCHOTO
TOCIi/PKeHHsT Ta/ab0 BiATBOpPEHHsI ONMyOIiKOBAHNUX TEKCTIB
iHIIMX aBTOpPiB 6€3 BiAOBIZHOrO MOCUTAHHS).

Y cTarTax He OMyCKaeThCA:

e KOIIIIOBAaHHA Ta ONPWIIOJAHEHHA BMKOHAHOI IHIIMM

aBTOPOM pO6OTH K CBOEI;

e [ocC/miBHe KomniloBaHHA ¢pparMeHTiB TeKCTY (Bif ppasu
Io Habopy pedeHb) 6e3 HaTEKHOTO OPOPMIICHHA
LUTYBaHHA;

e BHECEHHA HE3HAaYHMX IPAaBOK y CKOIiMOBaHMI
Mmatepian (mepedopMyIioOBaHHS pedeHb, 3MiHa
MOPSAKY CTiB B HMUX TOLIO) Ta 0e3 HaIe>KHOTO
o OpM/IeHHA LIUTYBaHHS;

o IIlepeKa3 CBOIMM CJIOBaMU YY>KUX AYMOK, ifeit abo
TEKCTy 6e3 Ha/leXXHOro 0(OPMICHHsI IIOCHIAHHS Ha
IPKeperio.

O60B’13KOBMM € MOCHUIAaHHS Ha BJacHI, paHiile

ory6mikoBaHi po60THL.

Pepakuia Bigxmnse mopfaHmii pyKoOmmc, AKIO BiH
MICTUTP 3aMO3MYEHHs 3 IHIINX ny6)1i1<auil7[ 6e3 HaJIe>KHOTO
LUTYBaHH:A, Ta MOXe CKacyBaTy IIyOniKaliilo 3a CKaproio B
TJIariaTi.

Ak nigrorysaTtn peuensito?

MonepeoHiti 0o2nso

[Teprr HiK TpuitHATK a60 BiAXMINTK 3aMpPOLIEHHS Ha
peLeH3YBaHHA, pO3I/IAHbTE TaKi IUTAHHA:

e Ym BigmoBimae cTaTTA Ballill creliamisamii?
[TpuiimaiiTe 3ampolleHH:A, AKIO BM BIEBHEHI, 110
MOXKeTe HaJlaTu AKiCHUI OTJIAf,.

o Yu ey Bac xoHKT iHTepeciB? [laiiTe BifnoBinb Ha
1le IMTaHHA.

o Yu e y Bac vac? PereH3yBaHHA MOXXe BUMaraTu
6araTo 4acy — IHepll HDK IpUIIMAaTy 3alpOLIeHH,
IepeKOHalTecs, 10 BY MOXKeTe BUKOHATI pOOOTY 1O
BKa3aHOTO CTPOKY.

HaiiTe BIifIOBifAb Ha 3alpOLIE€HH:A, SIK TIIBKU BU
3MOXeTe. 3aTpUMKa BifIOBifi CHOBiNIbBHIOE MpoIec
posriAfy Marepiany. KIO BM BiXUINTE 3allpOLIEHHS,
32 MOXX/IMBOCTI, HajaliTe IpPONO3NULil aJbT€PHATUBHUX
PElLIEH3€eHTiB.

Axmo By mpmitMaeTe 3ampoOINEHH:A, TO BU INOBMHHI
posrnAgari Marepianm fAK KOHQimeHLIHI HOKYMEHTH.
Ile osnauae, 1110 BU He MOXKeTe MOMI/IMTUCA HUMU 3 KUM-
HebOynp 6e3 momepefHbOro H03BONy pefakropa. OCKinbKu
eKCIepTHMIT OINAR € KOHQIZeHUITHMM, BM TaKOX He
HOBUMHHI epefaBaty iHdopMallilo IIpo pereHsio 6yab-KoMy
6e3 J03BOJIY pelakTOpiB Ta aBTOPIB.

[To-mepure, mpoYymTaiiTe CTATTIO, a HOTIM 3pobiTh
nepepBy. PosrnAanbTe CTAaTTIO 3 BIACHOI TOYKM 30pYy.
Ilepexonaiirecs, 10 BM 3HA€TE KPUTEPil OLIHKM CTATTi,
3aIIPOIIOHOBAHI XKYPHAJIOM.

0250

Bama peneHnsia gonoMoxe pefaKTOpPOBI BUPIIINUTH,
4y cif myO6miKyBaTH CTATTIO. BaXknBolo € Bala 3arajbHa
AyMKa Ta BMCHOBKM IIPO CTaTTIO. Baui koMeHTapi MoBuHHI
OyTy KOOpO3UWIMBMMMU Ta KOHCTPYKTMBHMMM, & TaKOX
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Hawa posigka

He MICTUTH XKOJHUX OCOOVCTUX 3ayBakKeHb 94U 0COOMCTHX
TaHVX, BKIIOYAIOYM Ballle iM 4.

BaxxmBo Hagatu iHpopManioo mpo Oynb-sKi HasBHI
Hefo/miK1. By MOBMHHI MOSICHUTH Ballle CY/PKEHHs, 06 sIK
penaKkTopy, TaK i aBTOPHM, MOI/IY IIOBHOIO MipOIO 3PO3yMiTH
Ballli KOMEHTApI.

KoHmposneHut cnucok

OuiniTh Taki acrekTn crarri: (aKmo Bigmosigb «Hi»,
Oynb acka, 3a MOXJIMBOCTI, 3aIIPOIIOHYIITe IIOKPAIleHHs B
noni «IHdopmalis a1 aBTOPiB»)

o Yu 3aroI0BOK TOYHO BiffoOpaxkae 3MiCT TeKCTy?

o U 4iTKO 3a3HAUEHO MeTY?

o Uu cyTTEBUIT BHECOK ¥ PO3POOKY 3a3HAYEHOI

po6meMu pOOUTHCS I1i€F0 CTATTEI0?

o U1 pO3KpMBaE CTATTA METY HOCTI/KEHHA?

o Yu noriyHO BUKIafleHUIT MaTepial CTaTTi?

o Yu BucCBiTZI€HAa B aHOTAllii CYyTb CTaTTi, aHOTAIlif €

iHpOpPMAaTUBHOIO Ta TAKOHIYHOIO?

o Yu BUCHOBKM aBTOpa aJieKBaTHi

eKCIlepMMeHTa/IbHOMY MaTepiamy?

Haparite KOHKpeTHi KOMEHTapi Ta IIPOINIO3N1Iil, 30KpeMa,
10710 0(OPMIICHHS, Ha3BM, OIUCY, BCTYILY, TiloTe3u Ta/abo
NpeAMeTY JOCi/I)KEeHH 1, MaTepiasliB i METOMIB, CTaTUCTUYHOI
06poOKu MaTepiaiB, pe3y/IbTarTiB, 00rOBOpPEeHHS, BUCHOBKIB,
MOBMU Ta IIOCUJIaHb.

SIx1to Bu B6avaETe MpOsIBY aKafeMivHOI HeoOpOoYeCcHOI,
00TOBOpITH CBOI MiZO3pM 3 pesaKTOPOM, HafalTe sSKOMOra
moxmapgHiny indopmarito.

Bawa pekomeHoayis

Konu Bu maere pekoMeHpaliio, To obupaere ofgHy 3
KaTeropiit, siki BUKOPUCTOBYIOTbCS Ajst Kmacudikanii cTaTTi:

o TPUITHATY MOJAHHA;

e HeoOXigHi BUIIPaBJIEHHS;

 HeoOXi/{He JOJATKOBE PelleH3yBaHHS;

e JIO iHIIIOTO BUJIAHHS;

e BiIXMINTU ITOJAaHHA.

OcmamoyHe pilieHHA

lTonoBHMIT pefaxkTOp BUpiNIye, UM NPUIHATH YU
BigXunutu crtarTio. Pegakrop, mepm HiX NpUITHATH
PpillleHH:, 3BOXUTD BCI IOITIALM Ta MOXKE 3a)KaJaTU TPETIO
IYMKY a60 IONPOCUTI aBTOpPa MEPErIAHYTH JOKYMEHT.
BupaBHu4ya cucremMa Hajlae KOpPUCTyBadaM IIOBiJOMIEHHA
IIPO OCTATOYHE PillIEHHA.

Pedaxuist scyprany
«Teopist ma memoouxa PizuuHo2o BUXOBAHHSI»
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