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Rotator cuff disease, external and internal impingement syndromes, low shoulder stability, various types of trauma, and overuse
injuries are all related to sports activities. In order to check symptoms in patients with disability and shoulder pain, clinicians use
different methods and diagnostic imaging assessment. The research is aimed at evaluating whether there is a difference between
provocation function tests (PFT) and ultrasonographic (US) testing of muscles within the rotator cuff in elite collegiate athletes.
Patients (n = 184) were recruited from university team sports selections and tested with a standardized US examination of the
shoulder and five PFTs (Speed’s test, Neer’s test, Hawkins test, lift-off test, Yergason’s test). Based on the VAS pain assessment
scale, 60 subjects had some pain, which was taken for further processing in the work (124 subjects did not have the presence
of pain and were excluded from further processing). The US examination was conducted using Voluson 730 apparatus, by a
linear probe, with the frequency in the range of 6-12 MHz. The chi-square test showed significant differences between PFT and
the occurrence of shoulder muscle tendinitis for the following variables: Speed’s test and subscapularis tendinitis (p = 0.02) and
Speed’s test and infraspinatus tendinitis (p =0.01); Neer test and biceps brachii caput longum tendinitis (p =0.01), Neer test
and supraspinatus tendinitis (p=0.02) and Neer test and infraspinatus tendinitis (p=0.01); lift-off test and subscapularis
tendinitis (p=0.05); and Yergason’s test and biceps brachii caput longum tendinitis (p=0.03) and Yergason’s test and
subscapitis tendinitis (p =0.01). The greatest effect of differences was observed in Neer’s test and biceps brachii caput longum
tendinitis (¢ = 0.60), while the other effects can be described as medium and small in most cases. It can be concluded that
functional tests are good predictors of soft tissue changes in the muscles of the rotator cuff of the shoulder. Further monitoring
and analysis are needed on a larger number of athletes.

1. Introduction erative problems. Most rotator cuff injuries are a result of the
rotator cuff tendon degeneration, and this is considered to
Rotator cuff disease is usually associated with different trau-  be a primary cause. However, some disorders such as smok-

matic and mechanical causes, as well as vascular and degen-  ing, steroid use, diabetes, renal disorder, and collagen-
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vascular disease weaken the tendon and could contribute to
rotator cuff pathology. Likewise, external and internal
impingement syndromes, low shoulder stability, different
types of trauma, and overuse injuries are all related to ath-
letic, sport, or occupational activity. It is one of the most
common defects that can be seen in 30% of asymptomatic
persons aged 60 years and over [1] and 65% of asymptom-
atic persons aged 70 years and over [2].

Today, athletes undertake training and participate in
competition systems as the earlier generations of athletes
did. Sports that require more arm strength, especially where
throwing and hitting are important in the game (e.g., volley-
ball and handball), may cause shoulder pain more often and
can lead to the occurrence of various pathological changes
[3]. Some other cause, such as degenerative joint disease, gle-
nohumeral instability, calcific tendinitis, cervical radiculitis,
isolated acromioclavicular osteoarthritis, adhesive capsulitis,
and nerve compression could have similar symptoms as sub-
acromial impingement syndrome [4]. Injuries can be symp-
tomatic but also asymptomatic and can be undetected in
examination [5]. The joint surfaces and ligaments provide
static joint stability, while dynamic stability is maintained
by muscles and tendons [6], and such a great number of
involved shoulder joints and their static and dynamic stabil-
ity in the shoulder region require a complex examination.
Furthermore, shoulder impingement syndrome is also found
in the literature as rotator cuff disease or tendinopathy [7, 8].

In order to check the symptoms in patients with shoul-
der disability and pain, we may use various methods, and
diagnostic imaging assessment is important when diagnos-
ing soft tissue disorder management. Often, tests and proto-
cols that are described in literature have not enough
information to support their use, and a practicing clinician
finds it difficult to recognize what procedure is especially
useful.

A wide variety of modalities have been used to assess the
rotator cuff, one of them being ultrasound assessment (US),
computed tomography (CT), magnetic resonance imaging
(MRI), and arthrography [9]. The advantages and utility of
US are low-cost real-time imaging, nonappearance of radia-
tion, and the dynamic examination possibility that is espe-
cially significant in the shoulder evaluation [10]. In the last
decades, with various technical improvements that permit
good resolution and higher Doppler signal power, US signal
processing technique has become an important screening
tool in the musculoskeletal structure examination. Also, this
method could detect inflammation, injury, and hyperemia
[11]. Moreover, clinicians repose trust in imaging data
obtained from ultrasound and MRI in order to diagnose
and detect rotator cuff disorders [12].

Previous research has documented over twenty-five spe-
cial tests for the rotator cuff examination and several physi-
cal examination maneuvers that could isolate specific
pathology of the shoulder, with widely ranging specific sen-
sitivity [13, 14]. For several years, great effort has been
devoted to sensitivity and specificity of functional prescan-
ning test that are used in clinical practice in order to diag-
nose rotator cuff tears and impingement syndrome [2, 10,
12, 15-20]. Provocative functional tests frequently used in
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physical examinations and clinical evaluation (Speed’s test,
Neer’s test, Hawkins test) are also available to coaches and
physiotherapists at the sports field courts. Sometimes, it is
not possible to make a difference between a full-thickness
tear and a partial tear or tendinopathy using PFTs. Positive
results of the functional tests (Neer’s test, Hawkins test)
can be confirmed by more detailed examinations, primarily
MR and MRI in a significant correlation [21]. The two
abovementioned tests have shown a significant similarity to
ultrasound examinations in the diagnostic of BB tendinitis
[22], while the sensitivity of the tests was absent in the diag-
nostic of changes in other articular cartilage and the tendon
in the shoulder joint.

The validity of Yergason’s test, Speed’s test, and the
bicipital groove point tenderness when determining biceps
tendon disorder has been examined before [20]. MRI or sur-
gical findings were used as the gold standard; however, no
specific combination of tests has been reported to give a reli-
able positive predictive value. Moreover, to the author’s best
knowledge, very few publications that discuss the issue of
correlation between provocation tests and US can be found
available in literature. Hence, the objective of this study
was to assess correlation between PFTs and US testing of
the rotator cuff muscles in top-level university athletes.

2. Materials and Methods

2.1. Sample Description. A total of 184 male athletes from the
University of Novi Sad, Serbia, have voluntarily participated
in this study. Out of a total of 184 surveyed respondents,
using the VAS pain assessment scale, 60 respondents had
some pain, which were taken for further processing in the
work, while 124 subjects did not have the presence of pain
and were excluded from further processing.

They were also involved in different top-level university
sports such as soccer, volleyball, handball, kick-boxing,
dancing, and fitness, and all of them have practiced a mini-
mum once a day, four times a week. The study was con-
ducted according to the criteria outlined by the Declaration
of Helsinki, by the ethical permission and approval from
the university’s Institutional Review Board (235/2-013).

2.2. Sample of Measuring Instruments/ Variables. All the par-
ticipants in the study came to a special hospital for rheu-
matic diseases in Novi Sad, Serbia. The US examination
was conducted using Voluson 730 apparatus, by a linear
probe, with the frequency in the range of 6-12MHz. US
has shown to be accurate as a diagnostic triage tool used to
diagnose rotator cuff tears and soft tissue disorders [23].
The study compared the US and the MRI and found that
they achieve accuracies similar in both sensitivity and speci-
ficity [23]. Ultrasound allows us to register pathological con-
ditions of the rotator cuff not only in the painful shoulder
conditions but also in asymptomatic cases. Ultrasound is
particularly effective in assessing the dynamic stabilizers of
the rotator cuff [24]. It is widely available, cost-effective,
noninvasive, and well-tolerated [8]. The tests were used to
assess long head of the biceps brachii muscle (m BB), the
supraspinatus muscle (m SSP), the infraspinatus muscle (m
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ISP), the subscapularia muscle (m. SSB), and the teres minor
muscle (m. TSM). The same doctor examined all the sub-
jects’ dominant arm, and the duration of the examination
was about 20 minutes. For the purpose of processing, the
results from US examination were divided into four criteria
similar to the ones in Alan’s [24] study:

(i) There are no signs of disease
(ii) Initial signs of tendinitis
(iii) Clear signs of tendinitis

(iv) Clear signs of tendinitis with calcification

2.3. Description of the Procedure. In the case of functional
provocation tests, the results are presented in the form of a
dichotomous qualitative variable with two possible answers:

(i) Absence of pain

(ii) Presence of pain

Before the examination, every subject’s shoulder was
tested using PFTs [25]:

Speed’s test: to perform Speed’s test, the examiner starts
with the patient’s arm in shoulder flexion, continues with
external rotation, which is followed by full elbow extension,
and finally, forearm supination; the examiner applies resis-
tance by performing a downward movement. The test will
come positive if the patient feels pain in the bicipital tendon
or bicipital groove [26]

Neer’s test: this test demonstrates pain during passive
abduction of the arm while the scapula is stabilized. The
examiner positions the arm in the scapular plane and inter-
nally rotates the arm. The test was initially described in 1977
and did not describe a painful arc. However, a painful arc
that occurs in abduction is often connected with the
eponym. As an addition to this maneuver, the examiner
administers an injection of local anesthetic into the subacro-
mial space and reduces the pain, which represents Neer’s
test. The test is positive in case a significant reduction or
abolition of pain is detected [27]

Hawkins test: this test was first described in 1980, and
again, it is a passive test. The examiner positions the
patient’s arm at 90° in the scapular plane, then bends the
elbow to 90°, and passively internally rotates the arm. Pain
created by this maneuver is a clear indication that the test
is positive [27]

Lift-off test: the test starts with the patient lifting the dor-
sum of the hand to the position of the mid-lumbar spine.
After that, the patient tries to lift the dorsum of the hand
off of the back. The patient should be able to maximally
internally rotate the shoulder, but that is not always doable
due to shoulder pain or tightening of the posterior shoulder
capsule. The test will come positive if the patient cannot lift
the hand away from the back, or if they lift the hand by
extending the shoulder or elbow. A rupture or neurological
involvement can result in the absolute loss of strength, while
pain inhibition or actual weakness can lead to diminished
strength

Yergason’s test: the patient can be in a seated or standing
position, the humerus should be in a neutral position, and
the elbow should be at the position of 90 degrees flexion.
The patient is instructed to externally rotate and supinate
their arm while the therapist manually applies resistance.
Yergason’s test is positive if pain is experienced in the bicip-
ital groove during the test

2.4. Data Analysis. Determining the differences between the
PFT and the level of tendinitis in subjects with pain (n = 60),
which were obtained using the VAS pain scale, the paramet-
ric statistical method chi-square test was used with a level of
statistical significance of p < 0.05. In order to determine the
size of the effects of the differences, the Phi indicator of the
size of the effects (¢) was used. The classification of effects
was determined according to [27]: 0.10-0.30 small effect,
from 0.30 to 0.50 medium effect, and >0.50 large effect.

3. Results

The total sample of participants and their descriptive param-
eters is shown in Table 1. All the respondents are high uni-
versity level athletes; all of them are in the training process
and have over 9 years of experience in a specific team sport.
Table 2 shows the results of the chi-square test, which
tested the significance of the differences in the distribution
of the results of subjects of different groups, with the absence
and presence of pain during the PFT, on certain items
related to the occurrence of tendinitis of the shoulder rotator
cuff muscles. The obtained results show that there is a statis-
tically significant difference in the following variables:

(1) Speed’s test and tendinitis subscapularis (p =0.02)
and Speed’s test and tendinitis infraspinatus (p=0.01)

(2) Neer’s test and biceps brachii caput longum tendini-
tis (p =0.01), Neer’s test and tendinitis supraspina-
tus (p=0.02), and Neer’s test and tendinitis
infraspinatus (p =0.01)

(3) Lift-off test and tendinitis subscapularis (p = 0.05)

(4) Yergason’s test and biceps brachii caput longum ten-
dinitis (p =0.03) and Yergason’s test and tendinitis
subscapularis (p =0.01)

No statistically significant differences were observed in
other analyzed variables.

The greatest effect of differences is noticeable in Neer’s
test and biceps brachii caput longum tendinitis of ¢ = 0.60,
while the other effect can be mostly described as medium
and small.

Figure 1 shows the percentage representation of subjects
with and without pain in Speed’s functional test in the pres-
ence of subscapularis tendinitis. Significant differences
between Speed’s test and subscapularis tendinitis variables
were observed (p=0.02; x*=5.88). According to Cohen
[28], the medium effect of differences was observed (¢ = 0.31
). Initial signs of tendinitis were observed in 30.8% of subjects
with pain and 6.4% of subjects without pain.
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TaBLE 1: Participants’ characteristics.
n =60 M +SD
Age (years) 2221+ 1.64
Height (cm) 180.84 + 8.21
Weight (kg) 7520+ 9.41
Sports experience (years) 8.72+3.99
Practiced a day (1-3 times per week) 1.13£0.39
Practiced a week (3-6 times per week) 4.76 £1.40
Shoulder injuries (#) 48
Pain in shoulder (VAS scale) (n) 60
Speed’s test (1) 14
Neer’s test (1) 9
Hawkins test (n) 41
Lift-off test (n) 11
Yergason’s test (n) 15

Legend: M: arithmetic mean; SD: standard deviation; n: number of cases.

Figure 1 shows the frequencies of the results for subjects
with and without pain in Speed’s functional test in the pres-
ence of infraspinatus tendinitis. The results indicate signifi-
cant differences between the variables Speed’s test and
infraspinatus tendinitis (p = 0.02; x* = 19.81). According to
Cohen [28]. the large effect of differences was observed
(p=0.58). Clear signs of tendinitis are present only in
4.3% of subjects with absence of pain, while initial signs of
tendinitis are present in 53.8% of subjects with presence of
pain and only 4.3% of subjects with absence of pain.

There are significant differences between the two groups
of subjects with and without pain and the occurrence of
biceps caput longum tendinitis (p=0.01) at a value of
x*=21.24 (Figure 2). Clear signs of tendinitis were observed
in 37.5% of subjects with pain while no clear signs were
observed in the group of subjects without pain (0%). Initial
signs of tendinitis were observed in 17.3% of subjects with-
out pain. A large effect of differences was observed
(¢ =0.60) [28].

The obtained results indicate that there are significant
differences between the two groups of subjects with and
without pain and the occurrence of supraspinatus tendinitis
(p=0.02; x* =9.40) (Figure 2). Clear signs of tendinitis with
calcification were observed in 1.9% of subjects without pain
while they were not observed in the group with pain. Clear
signs of tendinitis were observed in 25% of subjects with
pain and 1.9% of subjects without pain. Initial signs of tendi-
nitis were observed in 37.5% of subjects with pain and 23.1%
of subjects without pain. The effect of differences was at
medium level (¢ =0.60) [28].

Figure 3 shows the results for subjects with and without
pain in the Neer functional test with the occurrence of infra-
spinatus tendinitis. The obtained results indicate the existence
of a significant difference (p =0.01; x* = 8.98). The medium
effect of differences was observed [28] (¢ =0.58). Clear signs
of tendinitis were observed in 3.8% of subjects without pain,
and there were no subjects with pain in this category. How-
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ever, 50% of the subjects with pain had initial signs of tendini-
tis and only 9.6% of the subjects without pain.

The results obtained in Figure 3 show that there are signif-
icant differences (p = 0.05) between the two groups of subjects
with and without pain in the lift-off test and the occurrence of
subscapularis tendinitis at the value y* = 3.91. Initial signs of
tendinitis were observed in 30% of subjects with pain and only
8% of subjects without pain. The correlation effect according
to Cohen [28] presented and calculated using the Phi coeffi-
cient indicates a large effect (¢ = 0.26).

The obtained results from Figure 4 show that there are
significant differences between the two groups of subjects
in Yergason’s test with and without pain and the occurrence
of biceps brachii caput longum tendinitis (p = 0.03, y* =6.95
). Initial signs of tendinitis were observed in 40% of subjects
with pain and 10% of subjects without pain. Clear signs of
tendinitis were observed in 10% of subjects with pain and
4% of subjects without pain. The effect of differences was
at medium level (¢ =0.26) [28].

The obtained results from Figure 4 show that there are
significant differences between the two groups of subjects
in Yergason’s test with and without pain and the occurrence
of subscapularis tendinitis (p =0.01; x* =9.35). Initial signs
of tendinitis were observed in 40% of subjects with pain
and only 10% of subjects without pain. The correlation effect
according to Cohen [28] presented and calculated using the
Phi coefficient indicates a medium effect (¢ = 0.40).

4. Discussion

Athletes often suffer from rotator cuff disorders, which are
the cause of shoulder pain. Shoulder pain is also a common
symptom in musculoskeletal clinics. There is extensive liter-
ature available [12] on special tests and other physical exam-
ination maneuvers and some of the tests described in the
literature lack sufficient information to support their use.
Diagnostic and evaluation procedures for detecting rotator
cuff injuries and their goal to assess the extent of injuries
and morphological characteristics of the same are tested
daily. For this reason, the basic clinical methods and their
application in everyday examinations of university-level ath-
letes should not be neglected or denied.

The aim of the study was to evaluate the correlation
between PFT and muscle testing within the US rotator cuff
in elite collegiate athletes. Looking at the results, we noticed
that there were significant differences between PFT and US
which revealed tendinitis of the rotator cuff muscle of the
dominant hand. A relationship was established between some
functional tests (Speed’s test, Neer’s test, lift-off test, and Yer-
gason’s test) and tendinitis of the biceps brachii muscle of the
long head (caput longum), tendinitis subscapularis, tendinitis
infraspinatus, and tendinitis supraspinatus, as determined
using US. However, it should be noted that the effects were
small or medium, which could affect the final conclusions
regarding the abovementioned associations between the tests
and shoulder pain. Contrary to this, there is no statistically sig-
nificant relationship between functional tests and the occur-
rence of subscapularis muscle tendinitis and infraspinatus
muscle tendinitis detected by US [22].
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TaBLE 2: Results of the differences between subjects with the presence and absence of pain in PFT and the occurrence of tendinitis of the

shoulder rotator cuff muscles.

Biceps brachii caput longum tendinitis

Tendinitis subscapularis

Tendinitis supraspinatus ~ Tendinitis infraspinatus

(n=16) (n=12) (n=31) (n=17)

Speed’s test

X2 (df) 3.82 (2) 5.88 (1) 6.25 (3) 19.81 (2)

p (9) 0.15 (0.25) 0.02 (0.31) 0.10 (0.32) 0.01 (0.58)
Neer’s test

X (df) 21.24 (2) 1.59 (1) 9.40 (3) 8.98 (2)

p (¢) 0.01 (0.60) 0.21 (0.16) 0.02 (0.40) 0.01 (0.39)
Hawkins
test

X2 (df) 3.43 (2) 3.02 (1) 6.42 (3) 491 (2)

p (¢) 0.18 (0.24) 0.08 (0.22) 0.09 (0.33) 0.09 (0.29)
Lift-off test

X2 (df) 5.75 (2) 3.91 (1) 1.04 (3) 2.00 (2)

p (9) 0.06 (0.31) 0.05 (0.26) 0.79 (0.13) 0.37 (0.18)
Yergason’s
test

X (df) 6.95 (2) 9.35 (1) 0.93 (3) 2.69 (2)

p (¢) 0.03 (0.34) 0.01 (0.40) 0.82 (0.12) 0.26 (0.21)
Legend: x2: chi-square test value; p: level of statistical significance chi square test; df: degrees of freedom; ¢: Phi coefficient of effects.
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FIGURE 1: Functional Speed’s test and subscapularis tendinitis and functional Speed’s test and infraspinatus tendinitis.

We can say with great certainty that the mentioned
provocation tests are applicable for the evaluation of patho-
logical changes in the tendons around the long head of the
biceps muscle. However, observing the pathological changes
in the tetra supraspinatus, the lift-off test and the Yergason
test indicated changes; so, the application of these tests is
justified. This is also the case with tendinitis of the subscapu-
laris muscle as well as the infraspinatus muscle. These facts
impose an additional need to test for pathological changes
using some other tests (external sign of 0-degree lag rotation,
drop signal, Jobe’s test (empty can test), arm drop test,
abdominal pressure test, bear hug test) and diagnostic proce-
dures [6, 17], as well as the application of magnetic reso-
nance. Various provocative test maneuvers have been
created to help identify biceps tendon lesions. The Yergason,

Neer, Hawkins, and Speed tests are often used to isolate
biceps tendon pathology by creating an impingement below
the coracoacromial arch [29, 30].

The occurrence of tendinitis in young athletes can be
explained by the excessive volume and intensity of training
in younger age categories and inappropriate dosing of loads
that is not in accordance with physical growth and develop-
ment during long-term sports (the average number of sports
participants was about 8 years), but we should not forget
some changes in the soft tissues that could have occurred
as a result of inadequate intake of supplements (D and K
vitamins) and some hereditary or acquired diseases. These
phenomena were not included during the evaluation of the
external validity of the research; so, they represent a short-
coming and limitation of the research.
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FIGURE 2: Neer test and biceps brachii caput longum tendinitis and functional Neer test and supraspinatus tendinitis.
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FIGURE 3: Functional Neer test and infraspinatus tendinitis and functional lift-off test and subscapularis tendinitis.
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FIGURE 4: Functional Yergason’s test and biceps brachii caput longum tendinitis and functional Yergason’s test and subscapularis tendinitis.

The advantages of using provocation tests in the diagno-
sis of pathological changes in the tendons of the shoulder
joints are multiple. First of all, they do not require much
time and practically no apparatus and, if used correctly,
can be a good prescanning technique in detecting patholog-
ical changes in the rotator cuff of the shoulder. Another
important advantage of provocation tests is that they can
be relatively easily learned and applied in the field, outside

of medical facilities. Consequently, medical professionals
are not the only people who should be doing these tests,
but coaches and other professional sports professionals can
also use them. Although it is often enough to determine
the clinical picture [16], it is necessary to be careful and to
remove the suspicion of pathological changes in the shoulder
joint with a more detailed medical examination. Further-
more, a physical examination protocol can be used in
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patients with suspected rotator cuff tears, impingement syn-
drome, and biceps tenosynovitis [12, 13, 16], and these are
common tests and our work was to determine how much the
tests helped or did not help the examiner to understand what
the actual pathology of a rotator cuff injury is. The main limi-
tation of the experiment is defining the classification of ultra-
sound images, reliability, and presentation of the pathology
itself. Addressing this limitation, the authors suggest examining
American images by a large number of professionals. More-
over, as a limitation, we must mention the strength of the cor-
relation between the variables. Therefore, future studies should
keep this in mind when designing their studies.

The results of the research indicated justified use of PFT
on the muscles of the shoulder rotator cuff, especially on
changes in the muscles of m. subscapularis, biceps brachii
caput longum, and m. infraspinatus, because any change
reduces the volume and amplitude of movement that is neces-
sary for normal functioning. The research is even more signif-
icant since it dealt with a population of athletes, where the
injuries to the muscles of this region are more pronounced
than in persons who do not play sports. And any change can
remove them from training and further competition, thus
hampering their further careers. This study showed the pres-
ence of a set of changes that can be detected by the ultrasound
and through provocative functional tests in athletes, which
were more frequent in people who reported pain in the shoul-
der joint. Because of this, a lot of similarities can be observed
with the results of other authors’ research [29-32]; although,
they dealt not only with athletes but also adults. The absence
of any clinical sign of local pathology cannot rule out the pres-
ence of local abnormalities and constant checking of the mus-
cles of the shoulder rotator cuff is required, since these are
quite young athletes with a career ahead of them [33-35].

It should be noted that there are a lot of asymptomatic
conditions in the rotator cuff muscles as well as evidence of tis-
sue changes in people who have not even reported frequent
pain [36, 37]. Our research nevertheless pointed out the
importance in athletes who have reported the occurrence of
pain to certain provocative functional tests, but it would be
justified to conduct research on the population of people
who have not reported pain in order to determine whether
there might be some changes in tissues by applying ultrasound
or better yet, magnetic resonance imaging. Also, in some ear-
lier studies [38], it was pointed out that the pathology of the
rotator cuff muscle was still unclear and not understood
completely, and even that certain asymptomatic changes can
eventually become chronic. Therefore, the thickening of the
tendon, the change in the form of tendinitis, determines the
duration of treatment, as well as the time of recovery that will
be required for the athlete to return to training [38, 39].

Musculoskeletal shoulder adaptations can be typical for
athletes; so sometimes, there are changes that are not
detected by PFT but can be observed through ultrasound
imaging. In our research, as well as in the research of
other authors [40], such changes in tendons that have
not previously been detected by PFT, namely, the thick-
ened dominant tendon of m. subscapularis and m. biceps
brachii, may also be leading risk factors for shoulder
injury in athletes [29, 41, 42].

The limitation of the study is the lack of a control group of
respondents, as a limited number of respondents of university
age. PFTs were not compared with magnetic resonance tests,
because the subjects did not feel too much pain, no connective
tissue rupture was suspected nor was this expected from the
aim of the study. The study was aimed at validating of the
PFT in the assessment of potential shoulder rotator cuff muscle
injuries. Magnetic resonance was not planned in the work
methodology, because US was used as a screening method
[43]. Students, if necessary, underwent MRI and were excluded
from the study. It should be emphasized that US is easily avail-
able, cheaper, has no negative radiation, and is repeatable [44].
Also, the US method is used to monitor local findings, and
larger partial and total ruptures can be seen; so, a differential
diagnosis can be made in relation to inflammatory rheumatic
diseases.

5. Conclusions

Certain differences in the manifestation of tendinitis were
found in athlete subjects who reported pain. Based on the
obtained and presented research results, it can be concluded
that PFT's are good indicators of changes in soft tissues and
different degrees of damage, and that they can be used as ini-
tial indicators of these conditions. Knowledge of common
locations of this condition, for rotator cuftf tendons, can
enable focusing medical examinations and increase the sen-
sitivity of this field of work of sports and medical workers.
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1. Introduction
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Purpose. This research was to see how effective and feasible school-based comprehensive strength training programs are in
improving muscular fitness and perceived physical competence in Chinese male adolescents. Methods. A total of 123
participants (13.46 + 0.60 years) were randomized to comprehensive strength training intervention group (CST) (n=62) and
the control group (CON) (n=61). The training sessions were performed three times a week for ten weeks in CST. Muscular
fitness (i.e., muscular strength, power, and muscular endurance) and perceived physical competence were assessed at initial
testing and final testing. Results.The subjects in the CST significantly improved their mean performance in standing long jump
(p <0.05), vertical jump (p<0.05), 1 min push-ups (p<0.05), 1 min sit-ups (p <0.05), handgrip strength (p <0.05), and
perceived physical competence (p <0.05) after the intervention. Moreover, the CST were greater in standing long jump
(p <0.05), vertical jump (p <0.05), 1 min sit-ups (p < 0.05), handgrip strength (p <0.05), and perceived physical competence
(p <0.05) compared to the CON, but no in 1min push-ups (p>0.05). Conclusions. The comprehensive strength training
interventions designed in this study can significantly increase male adolescents’ muscular fitness, especially in the lower
extremity muscle power and abdominal core endurance, and can enhance their perceived physical competence.

function[10]. However, current data emphasizes the global
prevalence of inadequate physical activity among school-

The World Health Organization (WHO) recommends that
children and adolescents should engage in a minimum of
60 min of moderate-to-vigorous physical activity (MVPA)
every day and at least three days per week of muscle-
strengthening exercises (MSE) [1-3]. The health benefits of
meeting MVPA and MSE exercises during adolescence are
well known such as aerobic fitness[4], muscular fitness[5,
6], skeletal health[4, 7], mental health[8, 9], and metabolic

aged adolescents, with research indicating that 84.3% of
Chinese students (global 81% students) aged 11-17 years
were insufficiently physical active in 2016[11]. Further-
more, less than two-fifths of Chinese children and adoles-
cents met the World Health Organization muscle-
strengthening exercise recommendations in 2021[12].
Since children and adolescents do not engage regularly in
a variety of physical activities, they may be prone to the
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inevitable consequences of lower muscular fitness and low
motor competence.

The term “muscular fitness” refers to three elements of
musculoskeletal functioning, namely, maximal strength,
muscular power, and local muscular endurance[13]. A grow-
ing body of evidence has showed the many benefits of mus-
cular fitness with for a variety of health-related outcomes in
adolescents (i.e., body mass index, skinfold thickness, insulin
resistance, triglycerides, cardiovascular disease risk
score[14], quality of life, attenuate fatigue[15], skeletal
health, self-esteem[16], and cognitive task)[17]. Despite the
growing number of researches supporting the benefits of
muscular fitness, it is often an overlooked element in physi-
cal activity guidelines[18]. Many studies have shown a
downward continuous trend in muscular fitness among
school children in different countries or regions such as
the U.S.[19], Britain[20], Canada[21], Spain[22], China[23],
and New Zealand[24]. Low muscular strength in teenagers is
a developing risk factor for major causes of mortality in early
adulthood, such as suicide and cardiovascular diseases[25],
and muscular strength in males is inversely and indepen-
dently associated with death from all causes and cancer[26].
Poor muscular fitness has been linked to pediatric dynapenia
in modern-day youth[27] and sarcopenia in elder individ-
uals (i.e., the loss of skeletal muscle mass associated with
aging, neuromuscular factors independent of muscle size
contribute to muscle weakness, fall risk, declining quality
of life, and loss of functional movement)[28, 29]. Further-
more, lower muscle strength was linked to lower cardiore-
spiratory capacity and motor competence[30, 31]. A
number of negative effects of poor muscle strength highlight
the need to address the downward continuous trend in mus-
cular fitness among school-aged children.

Perceived physical competence refers to the assessment
of adolescents’ self-perception in the physical domain[32].
In the physical activity domain, perceived competence is
often associated with the confidence in one’s ability to take
part in sports and outdoor games[33]. Perceived physical
competence was positively and substantially connected to
physical activity (PA) in males; changes in perceptions may
be crucial elements of motivation for PA in school chil-
dren[34]; it was regarded as a significant factor of behav-
ior[35]. Muscular fitness or cardiorespiratory fitness is
associated with motor competence from childhood to early
adulthood[36], children with low motor competence dem-
onstrated lower perceived competence[37], and low values
in perceived motor competence and actual motor compe-
tence and fitness will show a higher probability of maintain-
ing unhealthy lifestyles[38]. Previous studies have looked
into the link between motor competence, physical fitness,
and perceived motor competence. However, longitudinal
intervention studies to increase perceived motor ability are
relatively limited. Because boosting male teens’ perceived
physical competence will be an effective technique for
addressing the problem of insufficient physical activity, it is
crucial to explore how to improve perceived physical
competence.

According to those reviews that summarize the substan-
tial effects of school-based interventions for promoting mus-
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cular fitness[18, 39], strength training appears to be one of
the most successful PA in teenage boys. Schools are ideally
placed to introduce young people to a multitude of lifelong
physical activities (including strength training)[40]. How-
ever, most school-based PA programs have emphasized aer-
obic exercises, with relatively few targeting strength
training[7]. To find out why, we conducted in-person or
phone interviews with 58 secondary school physical educa-
tion (PE) teachers. Considering the safety of strength train-
ing (ST) and the lack of interest of students, they rarely do
strength training in PE lessons, despite strength training is
safe. Additionally, there is a lack of understanding and
knowledge of strength training, and teachers are unclear
how to incorporate strength training into regular physical
education sessions. Given the importance of muscular fitness
for health, there is a need to find a practical and sustainable
program. Although recent studies have shown that compre-
hensive school-based PA interventions are efficiently to
improve the cardiorespiratory fitness, muscle strength, and
PA[41, 42], the effects of comprehensive school-based
strength training interventions on muscular fitness and per-
ceived physical competence of adolescent boys are uncertain.
Thus, the purpose of this paper was to determine the impact
of comprehensive strength training interventions on muscu-
lar fitness of secondary school-aged teenagers (main out-
come). The secondary goals were to see if comprehensive
strength training interventions affected perceived physical
competence. It was hypothesized that after completing the
comprehensive strength training interventions program,
participants’ muscular fitness and perceived physical compe-
tence would increase.

2. Methods

2.1. Participants. The subjects recruited for our study were
convenience sample. Participants were required to be
healthy adolescents with no history of orthopedic, musculo-
skeletal, or neurological issues that may have impaired their
ability to complete the strength training program and the
strength tests. None of the students were athletes, and none
of them had ever engaged in organized resistance training. A
total of 143 students were recruited for this study. Two were
removed because they did not meet the inclusion require-
ments, leaving 141 healthy boys aged 12-14 years to partici-
pate in this study. All eligible students provided written
informed permission from their legal guardians. By drawing
lots, students were allocated to either comprehensive
strength training intervention group (CST) or control group
(CON). The CST contained 70 individuals, whereas CON
had 71 participants. At any time, any participant might
withdraw from the research. Because some students were
missing in the posttest or transferred to another school for
health reasons, 18 students were omitted from the final anal-
ysis after a 10-week intervention. Finally, the effects of the
intervention were examined in 123 pupils. At baseline, there
were no significant variations in age, body height, body
mass, or body mass index (BMI) across groups, as shown
in Table 1. The study protocol was approved by the Ethics
Committee of Capital University of Physical Education and
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TaBLE 1: Descriptive characteristics of the study participants.

Variables

Age (year)

Body height (cm)
Body mass (kg) 58.20 (15.22) 59.79 (14.00) 56.57 (16.32)
BMI (kg/m?) 2123 (4.87) 2150 (445)  20.95 (5.29)

Values are the observed mean (SD); CST: comprehensive strength training
group; CON: control group.

All (n=123)
13.46 (0.60)
165.13 (8.21)

CST (n=62)
13.46 (0.55)
166.45 (7.81)

CON (n=61)
13.45 (0.64)
163.78 (8.45)

Sports (code 2022A20), abiding by the Helsinki Declaration
amended in Fortaleza (Brazil) in 2013.

2.2. Study Protocol. Subjects were recruited from 4 separate
physical education classes at the same secondary school.
Classes were assigned at random to either a CST or CON.
The intervention was founded on the theory of planned
behavior[43] and social ecology model[44], and it intended
to satisfy students’ psychological needs for interpersonal
contact, confidence, and intention to engage in school sports
and strength training. Before the experimental intervention,
PE teachers in the CST were trained to implement the inter-
vention plan. Professional development and equipment
(such as resistance bands or dumbbells) were offered to
teachers in order to deliver resistance-based exercise. Based
on past research, the CST program was particularly designed
to be time-efficient, developmentally suitable for teen-
agers[45, 46]. A graduate student and two PE teachers were
on hand to help during the intervention. The CST program
included a circuit of 6-8 exercise stations aiming to
strengthen muscular fitness (i.e., upper body muscle, low
body muscle, and core muscle). Before starting interven-
tions, the subjects in the CST received two weeks of strength
training videos, approximately 20 minutes each time, twice
weekly, learning by Internet in the classroom to understand
the benefits of strength training and master the right skills or
methods of RT through power point shows (PPT). After
that, a 10-week strength training program was conducted
on the playground, with strength training taking place three
times a week, on nonconsecutive days, during the first 20-25
minutes of the 45-minute PE class. Participants completed
two workouts at each station on the circuit while listening
to music, chosen by the adolescents.

According previous studies, youth strength training
plans should begin with 1 to 2 sets of 6 to 15 repetitions of
each exercise [47]. Starting a strength training program for
youths with 10 to 15 repetitions not only brings positive
changes in muscular performance but also makes suitable
adjustments [6]. In general, when a youngster can comfort-
ably accomplish 15 repetitions, resistance can be raised by
5% to 10% [48]. If the individual fails to finish at least 10
repetitions on each set or maintain appropriate tech-
nique[49, 50], the weight is likely too heavy and should be
adjusted. It is critical to realize that not all workouts require
the same number of sets and repetitions. Thus, participants
of this study work in pairs to finish 2 sets of each exercise
for 10-12 repetitions in 1-5 weeks (6 exercises including
2-3 resistance band exercises and 3-4 body weight exer-
cises). In weeks 6-10, they did 3 sets of 8-10 repetitions

for each exercise using dumbbells (i.e., 0.75kg, 1.5kg, and
2kg) and body weight exercises (for more details, see
Table 2). Following a warmup that included dynamic move-
ments or stretching, participants always worked in pairs so
that one student was training and the other was observing
the partner’s performance. Further, all teachers used positive
or encouraging phrases to raise the students’ perceived of
their motor competence. All sessions were recorded and
monitored by the authors of this study.

During the 10-week intervention period, participants in
the CON went to their regular physical education classes
(also three times a week) and were mostly taught volleyball
and football. In general, in Chinese regular PE classes, stu-
dents run for 2-3 laps around the playground before the
PE teachers teach them ball skills or other sport programs.
During their physical education lessons, no specific resis-
tance exercises were undertaken. Following the study’s com-
pletion, participants in the CON were provided the strength
training courses. All subjects were not allowed to change
their daily sports activities during the intervention.

2.3. Study Procedure. Within the first minutes of their PE
class, the participants in the CST undertook a series of exer-
cises, while the participants in the CON attended their regu-
lar PE class as part of the school’s curriculum. Data was
obtained before and after the intervention. Measurements
were chosen to complete a full body muscle strength assess-
ment and to overcome typical challenges to establish a
school-based fitness assessment (e.g., lack of resources and
insufficient time). Permission to conduct the study was
secured from school principals and PE teachers, and partic-
ipants were informed that their participation was completely
voluntary and that they might withdraw at any moment.

2.4. Measures

2.4.1. Muscular Fitness. The standing long jump was used to
assess the lower body’s explosive strength. Participants were
asked to stand shoulder-width apart behind a line drawn on
the ground and attempt to jump as far as possible they could
without falling backwards. A two-foot take-off and landing
was used, with forward force produced by swinging of the
arms and bending the knees. The distance between the
take-off line and the back of the participant’s heels was mea-
sured. The longest distance was measured to the nearest cen-
timeter after three attempts. The standing long jump is a
component of the physical fitness test battery in China,
and it is regarded as a valid and reliable field-based assess-
ment of muscular fitness in teenagers[51].

The vertical jump test was used to assess the lower body
power. The vertical jump was started at a semisquat position
(90° knee flexion), confirmed by eye inspection. Participants
held this stance for 2 seconds before jumping vertically for
maximal height at the tester’s instruction[52]. During the
semisquat jump, each participant was carefully examined
to ensure that no countermovement was used. Participants
lined up at the starting line and leapt as far as they could
when the tester signaled. Hands were kept on the hips dur-
ing the exercise, and participants were advised to keep their
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TaBLE 2: The comprehensive strength training program of the CST.
Week Content
Week 1 TheraBand-horizontal pull; TheraBand-arm front raises; TheraBand-lunges; TheraBand-squats; single leg hops; sit-ups; partial
ce curls; double crunches
Week 2 TheraBand-horizontal pull; TheraBand-lat pull downs; TheraBand-squats; TheraBand-squat with shoulder press; lateral hops;
plank; partial curls; double crunches
Week 3 TheraBand-shoulder lateral raises; TheraBand-lunges with biceps curls; modify push-ups; tuck jumps; jumping lunges; double
crunches; double leg raises; plank
Week 4 TheraBand-rowing (sit); TheraBand-shoulder overhead press (sit); TheraBand—calf raises; squats & bicep curls with TheraBand;
squat jumps; double leg raises; plank; seated Russian twist
TheraBand-triceps kickbacks; TheraBand-lunges with biceps curls; TheraBand-squat with shoulder press; TheraBand—calf
Week 5 . . . X .
raises; tuck jumps; seated Russian twist; double leg raises; plank
Week 6 Dumbbell-biceps curls; dumbbell-reverse fly; dumbbell-squats; dumbbell-lunges; single leg hops; V crunches; reverse curls;
plank

Dumbbell-lat pull downs; dumbbell-overhead shoulder press; dumbbell-lunges; dumbbell jump squats; jumping lunges; reverse

Week 7 . . .
curls; sit-ups with a dumbbell; plank jacks
Week 8 Dumbbell-squat with shoulder press; dumbbell-lunges with biceps curls; dumbbell-split squats; standard push-ups/advanced
push-ups; mountain climbers exercise; sit-ups with a dumbbell; plank jacks; advanced Russian twist with a dumbbell
Dumbbell-front raises; dumbbell-triceps kickback; dumbbell-lunges with bicep curls; dumbbell-squat with shoulder press;
Week 9 L L . .
mountain climbers exercise; sit-ups with a dumbbell; leg throw downs; plank jacks

Week Dumbbell-lateral raises; dumbbell-reverse fly; standard push-ups/advanced push-ups; dumbbell-squat with front raises;
10 dumbbell-lateral hops; sit-ups with a dumbbell; leg throw downs; sit-ups

lower limbs completely extended throughout the flight. On
the portable contact mat, participants were instructed to
accomplish 5 consecutive maximum vertical rebounds. Par-
ticipants were instructed to maximize jump height and min-
imize ground contact time. All jumps were done on a
movable contact mat.

The push-ups were developed to assess upper-body
physical endurance[53]. All males were encouraged to do
push-ups on their toes, and each student repeated as many
push-ups as possible (set at 40 beats per minute), consecu-
tively without rest. The beginning position is in a high plank
posture, hands pointing forward and under the shoulder,
back straight, head up, using the toes as the crucial point.
They had to lower themselves in a controlled way until their
elbows formed a 90° angle before returning to the starting
position. The test was halted, when the participants strained
violently or were unable to maintain the right technique
after two repetitions. The maximum number of successfully
executed push-ups was recorded, independent of duration.

One-minute sit-up test was used to assess abdominal
strength[54]. Participants sat in a supine posture, knees bent
at a 90° angle, feet flat on the floor, legs slightly apart, and
fingers interlaced behind the head, with a partner holding
their ankles firmly to maintain the feet on the ground. The
participant’s elbows had to contact the knees with an
upward movement, and then the two sides of the scapula
should return to touch the floor. During 60 seconds, the goal
was to repeat this exercise as many times as possible. The
test was not counted if the individual failed to contact the
knees with his or her elbows, maintain fingers clasped
behind the head, or return his or hers to the floor. In 60 sec-
onds, the maximum number of accurately done sit-ups was
recorded. Sit-ups, which are also part of the physical fitness

test battery in China, are a common way to assess abdomi-
nal/core endurance and are safe for children and adolescents
to undertake.

A portable handgrip dynamometer was used to test grip
strength (CAMRY EH101, China). It is inexpensive and may
be utilized in a timely manner. They were instructed to
squeeze the dynamometer as hard as they could for 3 sec-
onds after calibrating the dynamometer handle to meet each
participant’s hand size and their elbow fully extended and
adjacent to their torso[53]. All individuals completed three
trials of their dominant hand with at least 60 seconds of rest
between attempts, and the best performance was recorded.
In children and adolescents, handgrip strength has been
demonstrated to be associated with muscular strength[55]
and has high validity and reliability[56].

2.4.2. Perceived Physical Competence. A French scale was
chosen to assess perceived physical competence[57]. It
includes endurance, physical strength, and sports compe-
tence items, on a 6-point Likert-type scale. A composite
score (ie., average of the four items) was employed for
analysis.

2.5. Statistical Analysis. The statistical analysis was carried
out in IBM SPSS version 24.0. Descriptive data was pre-
sented as the mean + standard deviation (M + SD) for all
variables. To examine if the changing body mass and height
of this rising population will impact any outcome factors, a t
-test was used to look for group differences in demographic
parameters (age, body weight, body height, and BMI) as well
as all baseline outcome variables. The interactions and main
effects of time (pre- vs. posttest) and group (CST vs. CON)
on the dependent variables were investigated using a
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repeated measure analysis of variance (ANOVA) (2 x 2). If
interactions and main effects were significant, Tukey’s LSD
post hoc t-tests were employed to find specific between-
group differences. Partially, eta-squared (r7p2) effect sizes

were estimated within and between groups, and npz was

graded as modest (0.01), medium (0.06), or large (0.14) by
Cohen [58]. Statistical significance was set at p < 0.05.

3. Results

A total of 123 participants finished the 10 weeks strength
training program and none of them had a training-
related injury. The CST had an 89% attendance at training
sessions, whereas the CON had an 86% participation rates
in regularly PE class. The demographic factors including
age, body weight, body height, and BMI showed no

changes between the CST and CON (age: #(121) =—-0.1,p
=0.92; body height: #(121) =-1.82, p =0.07; body weight:
#(121)=-1.18,p=0.24; BMIL #(121)=-0.62, p = 0.54).

Repeated measures variance results showed that the stand-
ing long jump (F(1,121)=28.03,p<0.001, npz—o 19),

)=
vertical jump  (F(1,121)=37.21,p < 0.001, 7717 =0.24),
Imin push-ups (F(l 121) =17.07, p < 0.001, 11P =0.12),
Imin sit-ups  (F(1,121)=16.02,p < 0.001, np =0.12),
handgrip strength (F(1,121)=17.55,p <0.001, np =0.13),
and perceived physical competence (F(1,121)=18.12,p
<0.001, 11p2 =0.13) had significantly interaction effects.

Regarding the mean within-group changes, CST signifi-
cantly increased the mean changes of standing long jump
(p<0.001), vertical jump (p<0.001), 1min push-ups
(p<0.001), 1min sit-ups (p<0.001), handgrip strength
(p <0.001), and perceived physical competence (p < 0.001)
from pre- to posttests. However, although each outcome var-
iable in the CON increased, no significant differences were
found (p > 0.05) (Table 3).

With respect to mean between-group differences, CST
significantly increased the mean of standing long jump
(p <0.05), vertical jump (p < 0.01), 1 min sit-ups (p <0.01),
handgrip strength (p < 0.05), and perceived physical compe-
tence (p<0.001) compared with those in the CON after
intervention. But no significant interaction and main effects
were found in 1 min push-ups (p > 0.05) (Table 3, Figure 1).

4. Discussion

The main goal of this study was to see how effective a com-
prehensive school-based intervention was at enhancing
muscular fitness and perceived physical competence among
secondary school students. The current study discovered
that performing three sessions of comprehensive strength
training per week for ten weeks during normal school PE
classes was effective in improving muscular fitness and per-
ceived physical competence. No injuries were reported in
the CST during the trial.

Muscular fitness is an important aspect of physical fit-
ness. Our findings indicate that a regular school-based com-
prehensive strength training program can help male

adolescents significantly enhance their muscle fitness. The
evidence for the effectiveness of a regular RT program in
the physical education curriculum for improving muscular
fitness in adolescents is increasing[54, 59-61]. Furthermore,
a review also showed that strength training can be applied
safely and effectively in secondary education[39]. In this
study, the CST significantly improved their standing long
jump and vertical jump performance in two tests compared
with the CON. The standing long jump and the vertical
jump field-tests are typically used to evaluate lower body
explosive muscular strength in children and adolescents[62].
Previous studies utilizing strength training in secondary
school PE lessons have found that the lower body muscle
strength improves. In the six-week plyometric training pro-
gram[59] or in the resistance and combined training groups
(plyometric exercises and traditional strength training exer-
cises)[61], horizontal jump distance and vertical jump height
increased significantly. Push-ups and sit-ups were used to
assess upper-body muscular endurance and abdominal
strength. Our study found that the CST increased their sit-
up performance in two tests and substantially varied from
the CON, but push-ups only found significant improvement
in within group effect. The results are partly support by one
study[63] which found significant differences between the
resistance training group and the control group, when a
manual RT program was performance for 20-30 minutes
within the PE class, as measured by a pre- to posttest in
the push-ups and curl-ups tests. Additionally, a suspension
training program twice a week for a total of eight weeks dur-
ing the physical education class, which included sit-ups and
push-ups, resulted in significant variations in baseline values
between the intervention group and control group[64].
Another study found that twelve weeks of strength training
in PE courses improved push-up and curl-up performance
much more than the control group[65]. However, no signif-
icant changes in push-ups were seen between the resistance
training intervention and control group in another
study[66]. The handgrip test is a reliable indicator of
upper-body maximum strength in teenagers[51]. The CST
improved their handgrip strength in two assessments, and
they varied substantially from the CON. This suggestion is
in line with the findings of others who have seen substantial
improvement in handgrip strength in youth[64, 67]. Con-
trary to the findings of the present study, no significant gain
in handgrip strength was reported following a four-week
intervention, when three different programs (aerobic train-
ing, RT, and combined training) were compared to a control
group [68]. Likewise, after eight weeks of the CrossFit
Teens™ resistance training program, there were no changes
in handgrip strength in adolescents[69]. This might be
related to the fact that the bulk of works with ST equipment
requires a strong grip (i.e., resistance bands). Grip strength
can also be affected by changes in upper body strength[70].
In addition, we try to understand the significant strength
gains from the mechanisms. According to one study, the
observed strength gains in youngsters are due to the neural
factors rather than muscle hypertrophy[71]. Though train-
ing increased muscle strength, intrinsic muscle adaptations
(such as changes in excitation or contraction coupling,
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TaBLE 3: Effects of the intervention on muscular fitness and perceived physical competence according to group (n = 123).

. Pretest Posttest o a
Variables M+SD M +SD A change (95%CI)
Muscular fitness
Standing long jump (cm)

CST 189.50 £+ 3.46 198.34 +£3.40 8.84""" (6.70~10.98)
CON 186.44 £ 3.49 187.15+3.43 0.71 (-1.46~2.87)

A change (95%CI)°
Vertical jump (cm)
CST
CON
A change (95%CI)°
1 min sit-ups (rep)
CST
CON
A change (95%CI)"
1 min push-ups (rep)
CST
CON
A change (95%CI)°
Handgrip strength (kg)
CST
CON
A change (95%CI)°
Perceived physical competence
CST
CON
A change (95%CI)°

3.06 (-6.68~12.79)

24.89 £5.85
25.98 £6.85
1.09 (-1.19~3.36)

39.16 £9.52
39.90 £10.10
0.26 (-3.24~3.76)

20.08 + 10.02
20.62 +8.35
0.54 (-3.84~2.75)

29.65 + 6.36
28.02+7.72
1.58 (-0.97~4.12)

3.17+0.95
3.15+1.08
0.02 (-0.34~0.38)

11.19* (1.63~20.75)

29.70+£6.13
26.52 £ 6.80
3.18"* (0.88~5.50)

45.02 +9.07
39.62 + 10.66
5.40** (1.86~8.92)

23.24 +10.33
21.20 +7.65
2.04 (-1.21~5.30)

31.75+6.83
27.69+7.30
3.36* (0.82~5.90)

4.05+0.75
3.23+1.04
0.81*** (0.49~1.14)

4.81"* (3.83~5.79)
0.54 (-0.49~1.52)

5.86""" (4.07~7.64)
0.72 (-1.08~2.52)

3.16"* (2.29~4.03)
0.57 (-0.31~1.45)

1.74"** (0.99~2.48)
0.05 (-0.70~0.79)

0.87"" (0.61~1.13)
0.08 (-0.18~0.34)

CST: comprehensive strength training interventions group; CON: control group; M + SD: means and standard deviation; CI: confidence interval; A change:
mean change prepost treatment; *between-group difference with 95% CI; "within-group difference with 95% CI; *p < 0.05 difference between CON vs. CST;
**p < 0.01 difference between CON vs. CST; ***p < 0.001 difference between CON vs. CST; “p < 0.05 difference between pre- vs. posttest; ““p < 0.01 difference

##H

between pre- vs. posttest; " p < 0.001 difference between pre- vs. posttest.

myofibrillar packing density, and muscle fiber composition)
and improvements in motor skill performance and the coor-
dination of the involved muscle groups may also have con-
tributed to the observed strength gains[47]. During and
after puberty, adolescents are capable of greater absolute
gains owing to higher levels of circulated male hormones
[48].

Our findings show that a regular school-based compre-
hensive strength training program may considerably
increase male adolescents' perceived physical competence.
This result supports prior findings: higher levels of physi-
cal fitness may protect a kid from developing poor motor
competence, and low motor competence was associated
with lower perceived competence [31, 37]. Adolescence is
a critical time for developing lifelong exercise habits, and
physical competence appears to be particularly crucial for
them. In addition, Jaakkola and colleagues [72] found that
moderate-to-vigorous physical activity, perceived physical
competence, and health-related fitness (i.e., shuttle run,

push-up, and abdominal muscles endurance tests)
explained 53% of the variation in motor competence for
the boys. Low motor skills, on the other hand, are linked
to higher BMI and worse muscle fitness [31]. Many
researchers have shown that resistance training may enhance
muscular fitness [18, 39, 73]. Therefore, the CST participants'
perceived physical competence improved following a brief
intervention.

There were several limitations in this study. First of all,
due to the teaching arrangement of the school, there was no
transit test in this experiment, which meant we could not
observe the changes in the experimental group at 5 weeks.
In later longitudinal studies, transit testing should be per-
formed if conditions permit. Second, we merely utilized rat-
ings of perceived exertion to determine the intensity of the
intervention and did not use objective measures. Finally,
there was no follow-up to observe if the changes in muscle fit-
ness (i.e., upper body muscle endurance) and perceived phys-
ical competence were sustainable after the intervention.
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5. Conclusions

It is concluded that the comprehensive strength training inter-
ventions designed in this study can significantly increase male
adolescents’ muscular fitness, especially in the lower extremity
muscle power and abdominal core endurance, and can
enhance their perceived physical competence.

However, due to the lack of a transit test in this study, we
could not obtain valid data on changes in muscle fitness and
perceived physical competence at the middle stage of the
experiment for male adolescents. Future research should
add a transit test to examine the effects of combined inter-
ventions. In addition, the exercises of upper body muscle
endurance may be insufficient in this programme. It should
be paid attention to optimizing the upper body muscle
strength training program in future practical application.
Finally, considering the importance of muscle strength and
perceived physical competence for adolescents, school
teachers and policymakers should take effective measures
to enhance the muscle strength and perceived physical com-
petence of young people so as to adequately prepare them to
participate in higher levels of physical activity.
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1. Introduction

Copyright © 2022 Marko Dimitrijevic et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Multiple anthropometric equations have been developed aiming to provide accurate and affordable assessment of body fat
composition in male athletes. This study examined correlations of values obtained from seventeen different anthropometric
equations to DXA as well as BIA and DXA values. Male athletes (1 =101) from three different combat sports, wrestling (n = 33),
judo (n = 35), and kickboxing (n = 33), with an average age of 20.9 + 4.2 were included. Body fat percentage was estimated using
anthropometry, BIA, and DXA. Correlations between anthropometric methods and DXA, as well as BIA and DXA, were
determined using Spearman’s rank correlation. Sixteen out of seventeen estimates of body fat percentages using existing
anthropometric equations showed strong positive correlation with the values derived from DXA measurements (r = 0.569 — 0.909).
The highest correlation was observed using the equation derived by Yuhasz, r = 0.909, followed by the equations from Oliver et al.,
Evans et al,, Faulkner, and Thorland et al. (r = 0.9). Statistical analysis of body fat percentages from DXA and BIA measurements
also showed high positive correlation (r = 0.710). Correlation of seventeen anthropometric equations with BIA and DXA methods
revealed that equations by Yuhasz, Oliver et al., Evans et al., Faulkner, and Thorland et al. are suitable alternative for assessing
body fat percentage among male athletes from combat sports, showing even stronger correlation than BIA method.

risk [6]. On the other hand, low body fat percentage (less
than recommended 12%) is associated with low energy avail-

Body composition of athletes has a paramount effect on
physiology and physical performance and provides informa-
tion on the overall health [1]. The body fat percentage (%BF)
is an important component of the athlete’s body since adi-
pose tissue has a complex effect on the health in general
[2]. Adipose tissue is a vital endocrine organ [3], but both
low and high %BF pose a threat for athlete’s performance
[4]. Previous studies have showed that high levels of body
fat have negative impact on aerobic and anaerobic capacity
of soccer players [5] and present serious cardiometabolic

ability and both micro- and macronutrient deficiency in
female gymnasts, thus posing threat to athlete’s health and
performance [7].

Body composition can be quantified at multiple levels:
atomic level (measurement of carbon, calcium, potassium,
and hydrogen quantity), molecular level (assessment of
amounts of water, protein, and fat), cellular level (assessment
of extracellular fluid and body cell mass), and at the tissue level
(determination of amounts and distributions of adipose, skel-
etal, and muscle tissues) [8]. Accurate quantification of body
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composition has been the subject of intense research for
decades. This scientific effort resulted in developing a large
number of quantification methods, which include direct
(cadaver dissection) and an array of indirect methods [1].
Indirect assessment of body properties, such as density, distri-
bution of skeletal muscle, and adipose tissues, is performed
using computed X-ray tomography (CT), magnetic resonance
imaging (MRI), and dual-energy X-ray absorptiometry (DXA)
[1]. These methods, referred to as second level of validity
methods, are complex and performed in highly specialized
facilities and require substantial financial means. Accordingly,
less complex indirect methods of body composition assess-
ment (third level of validity methods) such as bioelectrical
impedance analysis (BIA) and anthropometry have been
developed as more accessible to wider user population to pro-
vide an estimate of body composition [8]. However, to be
applied accurately for a specific population, these methods
have to be validated against the direct or second level of valid-
ity methods such as DXA. Moreover, BIA and anthropometry
have larger predictive errors than the direct and second level of
validity methods and are significantly affected by the sample
population specificity [8]. However, they are still often consid-
ered as a suitable replacement and used among sports coaches
and experts in practice. In circumstances such as travel to
preparation camps or competition, these lower cost and porta-
ble methods are widely used due to their practicality, portabil-
ity of measuring devices, and the fact that they do not require
highly skilled staff to perform the measurements.

Wrestling, judo, and kickboxing are classified as weight-
sensitive sports, in which athletes tend to undergo extreme
dieting associated with extreme dehydration in order to
reduce body mass, more specifically %BF, aiming to be
moved to a lower weight category [1]. Therefore, regular
measurements of body composition for this specific athlete
population are extremely important. Taking into account
that previous studies have already established that anthropo-
metric equations developed for general nonathlete popula-
tion are not applicable for professionals [9] and that the
ones developed for athletes are highly specific for the specific
sport [9-11], there is a pressing need to validate existing
anthropometric equations, developed for both general and
specific athlete population, and BIA against a reference gold
standard method DXA in general athlete population.

The aim of this study was to explore the correlations of
different developed anthropometric equations with DXA
measurements as well as the correlations of BIA with DXA
measurements in determining the percentage of body fat in
male athletes.

2. Materials and Methods

2.1. Study Design. The study was designed as a cross-
sectional observational analysis of competitive, successful,
and world-class elite male athletes competing in wrestling,
judo, and kickboxing [12]. All participants were assessed
within three days in 2021. The study was approved by the
Ethical Committee of the Faculty of Medical Sciences, Uni-
versity of Kragujevac (License number 01-14980) in accor-
dance with the current national and international laws and

BioMed Research International

regulations controlling the use of human participants (Dec-
laration of Helsinki II).

2.2. Participants. Analyzed population sample consisted of
101 athletes (N =101), 17-33 years of age, recruited from
three different combat sports: wrestling (n=33), judo
(n=35), and kickboxing (n = 33). Recruited athletes show-
cased similarities related to their body composition, prepara-
tion, and monitoring prior to attending and during
competitions. Inclusion criteria consisted of athletes who
fulfilled classification criteria for “eliteness” or expertise
defined by Swann et al. [12]. In brief, athletes who were
competing for more than 3 years at national and/or interna-
tional level and did not have any long training breaks or any
rest caused by an injury or any other factor within the last
six months were included in the study. After detailed expla-
nation of the procedure and study goals, athletes who
decided to participate in this study signed a voluntary con-
sent document.

2.3. Procedures. Participants were divided into three groups
and scheduled to come to DXA cabinet room at the Depart-
ment of Orthopedy, Clinical Centre of Vojvodina, Novi Sad,
between 9 and 10h in the morning for three consecutive
days. They were instructed to follow standard food and fluid
intake so they are in a rested, overnight fasted (at least 8h),
and hydrated state before testing. Moreover, they were asked
not to perform any physical activity prior to their evalua-
tions and to bring light cotton clothing. Complete testing
of every individual athlete was conducted on the same day.
Participants were evaluated by BIA, anthropometric mea-
surement, and a whole body DXA scan, respectfully. All
the equipment was calibrated each morning on the day of
analysis prior to measurements.

2.4. Anthropometric Measurements. Anthropometric mea-
surement of skinfolds, circumferences, and joint bone diam-
eters was conducted according to ISAK guidelines and
recommendations [13]. Body weight was measured during
BIA test. After BIA analysis was completed, anthropometric
measurements of body height, skinfolds, circumferences,
and joint diameters were conducted. An anthropometrist
(>10 years of experience) was recruited to perform anthro-
pometric measurement.

Firstly, skinfolds (subscapular, midaxillary, chest (pecto-
ral), abdominal, biceps, triceps, suprailiac, supraspinale,
quadriceps, and medial calf) were located and labeled with
a marker as determined by ISAK guidelines [13]. Then, skin-
folds were measured using Harpenden caliper (HSB-BI, HaB
Direct, UK). The caliper has measuring range of 0-80 mm
(caliper needle is made to go four full circles around a dial
scale graduated from 0 to 20 mm), measuring pressure of
10 g/mm?, and reading accuracy of 0.2 mm. The height was
measured using roll-up measuring tape (SECA, Germany)
with measuring range of 0-220 cm (1 mm graduation). Cir-
cumferences were determined using a flexible steel tape cal-
ibrated in centimeters with millimeter graduations (Lufkin
metal tape). Small sliding caliper (Rosscraft) was used to
measure biepicondylar breadths of humeri and femurs. The
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TaBLE 1: Selected existing anthropometric methods and equations developed for assessing body fat in different male athletes and general and

specific populations.

Author(s)/method

Anthropometric equation

Yuhasz [14]
Faulkner [33]

Forsyth and Sinning
1[9]

Forsyth and Sinning

Equation using 6 skinfolds: %BF = 3.64 + (0.097 (Ch + Tr + Sb + Si + ab + Th))
Equation using 4 skinfolds. Today considered a modified Yuhasz method: %BF = 5.783 + (0.153 (Tr + Sb + Si + ab))

Equation using 2 skinfolds (equation no. 2a): BD = 1.103 — (0.00168 x Sb) — (0.00127 x ab)

Equation using 4 skinfolds (equation no. 2b):

2 [9] BD = 1.10647 — (0.00162 x Sb) — (0.00144 x ab) — (0.00077 x Tr) + (0.00071 x ma)

Forsyth and Sinning

Equation using 2 skinfolds and height (equation no. 3a):

3 (9] BD = 1.02415 — (0.00169 x Sb) + (0.00444 x Ht) - (0.00130 x ab)

Forsyth and Sinning

Equation using 4 skinfolds and height (equation no. 3b):

4 9] BD = 1.03316 — (0.00164 x Sb) + (0.00410 x Ht) — (0.00144 x ab) — (0.00069 x Tr) + (0.00062 x ma)

White et al. [11]
Thorland et al. 1 [16]

Thorland et al. 2 [16]

Withers et al. [19]

Evans et al. 1 [20]

Evans et al. 2 [20]

Equation using 2 skinfolds: BD = 1.0958 — (0.00088 x Si) — (0.0006 x Th)
Equation using 7 skinfold: BD =1.1091 — (0.00052 (Tr + Sb + ma + Si + ab + Th + ca)) +
(0.00000032 (Tr + Sb + ma + Si +ab + Th + ca)?)
Equation using 3 skinfolds: BD = 1.1136 — (0.00154 (Tr + Sb + ma)) + (0.00000516 (Tr + Sb + ma)*)

Equation using 7 skinfolds, not fully published in the original 1987 paper by Withers et al., but can be found in
Reilly et al. study derived from Withers et al. data. BD = 1.0988 — (0.0004 (Tt + Sb + Bc + Sp + ab + Th + ca))

Equation using 7 skinfolds, gender and race: %BF = 10.566 + (0.12077 (Sb + Tt + Ch + ma + Si + ab + Th)) -
(8.057 x gender) — (2.545 x race)

Equation using 3 skinfolds, gender and race: %BF = 8.997 + (0.24658 (ab + Th + Tr)) — (6.343 x gender) —

(1.998 x race)

Oliver et al. [10]
Reilly et al. [17]
Civar et al. [21]

Equation using 7 skinfolds (equation model number 3): %BF = 3.53 + (0.132 (Ch + Tr + Sb + ma + Si + ab + Th))
Equation using 4 skinfolds: %BF = 5.174 + (0.124 x Th) + (0.147 x ab) + (0.196 x Tr) + (0.13 x ca)
Equation using 3 skinfolds and weight: %BF = (0.432 x Tr) + (0.193 x ab) + (0.364 x Bc) + (0.077 x Wt) - 0.891

Stewart and Hannan Equation using 2 skinfolds and weight. This equation estimates body fat in grams, which are then converted into
[30] body fat percentage for BIA comparison: BEM = (331.5 x ab) + (356.2 x Th) + (111.9 x Wt) — 9108

Zuti and Golding
[15]

Ht: height; Wt: weight; BD: body density; %BF: body fat percentage; BEM: body fat mass in grams; Tr: triceps skinfold; Ma: midaxillary skinfold; Sb:
subscapular skinfold; Ab: abdominal skinfold; Si: suprailiac skinfold; Sp: supraspinale skinfold; Th: quadriceps skinfold; Ca: calf skinfold (medial calf); Ch:
chest skinfold; Bc: biceps skinfold; gender: man = 1, woman = 0; race: African American = 1, Caucasian = 0; WC: waist circumference; WD: wrist diameter.

BD = 1.0806 — (0.001187 x WC) — (0.001076 x Ch) + (0.015306 x WD)

instrument has a branch length of 10 cm, an application face
width of 1.5cm, and an accuracy of 0.05cm.

Seventeen anthropometric methods [9-11, 14-21] devel-
oped for different male athlete populations through regression
analysis were used in this study (Table 1). Selected anthropo-
metric equations were developed for either a specific or general
sport population, based on skinfold measurements alone or
skinfold measurements combined with some basic anthropo-
metric/descriptive features such as age, body height and weight,
and body mass index. Moreover, equations selected for our
study presented the highest multiple correlation coefficients
between a dependent variable and a group of independent var-
iables (R), or the largest variance in dependent variable by using
independent variables (R*) (depending on what was reported in
a particular study, R or R*), when correlated with referent
methods. Furthermore, the Siri equation was used to convert
body density to body fat percentage in cases where anthropo-
metric equations estimated only body density [22]. The test-
retest reliability of anthropometric measurement was deter-

mined using the method of technical measurement error
(TEM) of an evaluator, where a deviation of up to 7.5% for skin-
folds and up to 1.5% for other anthropometric measures was
considered acceptable. The calculation of the TEM was carried
out according to the recommendations by Norton [23].

2.5. Bioelectrical Impedance Analysis (BIA). Upon arrival,
participants were subjected to the bioelectrical impedance
analysis (BIA) for measurement of the body fat percentage
and body weight as described in our previous study [24].
The measurement was conducted according to the manufac-
turer’s instructions for model InBody 230 using BIA pretest
guidelines [24, 25]. In brief, prior to measurement, every
participant had their palms and soles wiped with a tissue
containing electrolyte solution. Next, the participants stood
on the scales with their soles in contact with the foot elec-
trodes for weight measurement. Then, age, sex, and height
were entered into the instrument. The participants were then
instructed to firmly grasp hand grips by placing their thumb



4
TaBLE 2: Athlete descriptive characteristics.
Variable Wrestlers Judokas  Kickboxers Total
X+SD X+SD X+SD X+SD
Age (years) 186+19 239+42 228+54 209%4.2
Height (cm) 177.2+8.6 178.1+7.1 183.8+6 179.8+7.8

Weight (kg) 77.7+15.5 79.0+159 83.0+13.3 80,0+14.0

BMI (kg/m?) 24.6+33 24.8+3.4 245+33 24.0+3.3
WHR (cm?) 0.85+0.06 0.85+0.6 0.84+0.07 0.85+0.06
9%BFy; 5 114+49 11.0+55 113+53 112452
%BF x5 16.1+51 165+6.1 182+56 17.0+57

X: mean; SD: standard deviation; BMI: body mass index; WHR: waste-to-
hip ratio; %BFg,: body fat estimated with bioelectrical impedance;
%BFpy: body fat estimated with dual-energy X-ray absorptiometry.

and fingers on the designated locations, and the impedance
was measured. The measurements were conducted by an
experienced InBody 230 operator.

2.6. Dual-Energy X-Ray Absorptiometry (DXA) Scanning.
DXA scanning was performed for each participant on Lunar
iDXA scanner (GE Healthcare, UK) according to the current
guidelines for best practice [26]. Quality control was assured
by calibration procedure according to the manufacturer’s
instructions. In brief, the apparatus was calibrated every
morning, or whenever the temperature in the room changed
for 5°C, by using appropriate calibration blocks (three for
bone density and three for whole body measurements).
The participants wearing light cotton clothing were posi-
tioned in a stationary, supine position on the scanning table
with keeping hands in the hip level and feet slightly apart.
Upon taking a proper position, the scan was initiated and
lasted for about 6 minutes. All the measurements and cali-
bration procedures were performed by an experienced, certi-
fied DXA technician to ensure consistency in measurement
protocols. Technical error of DXA scanner measurement
was 3%. Scans were analyzed using enCORE software V17
(GE Healthcare, UK).

2.7. Statistical Analysis. Statistical analysis was conducted
using SPSS statistical program, package version 26 (IBM
SPSS Statistics for Windows, Armonk NY: IBM Corp;
2018). Assessment of linearity for model validity, outliers,
and data normality distribution was performed using scatter
plot graph, Q-Q plot, histogram, skewness and kurtosis, and
the Kolmogorov-Smirnov test. Based on the information
obtained by these tests, assessment of the correlation of esti-
mates obtained using anthropometric equations and BIA
measurement was conducted using Spearman’s rank corre-
lation (r), where values of r=0.0-0.09 were considered
trivial, r=0.10-0.29 small, r =0.30 - 0.49 moderate, r =
0.50 - 0.69 high, r=0.70-0.89 very high, r=0.90 -0.99
almost perfect, and r =1 perfect correlation [27]. Descrip-
tive data was presented through means and standard devi-
ations (mean + SD). Statistical significance (p values) was
set at 0.05. Confidence interval was set at 95%. Graphs
were created using GraphPad Prism 7.04.
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TaBLE 3: Correlation between existing anthropometric equations
and DXA-derived estimates of assessing body fat percentage in
male athletes from combat sports.

Anthropometric vs. DXA r p
Stewart et al. 0.876*" <0.001
Civar et al. 0.834*" <0.001
Reilly et al. 0.899*" <0.001
Oliver et al. 0.907** <0.001
Evans et al. 2 0.907** <0.001
Evans et al. 1 0.905*" <0.001
Withers et al. 0.890*" <0.001
Thorland et al. 2 0.840*" <0.001
Thorland et al. 1 0.906*" <0.001
White et al. 0.887"* <0.001
Forsyth and Sinning 4 0.886" <0.001
Forsyth and Sinning 3 0.852%* <0.001
Forsyth and Sinning 2 0.877** <0.001
Forsyth and Sinning 1 0.848" <0.001
Zuti and Golding 0.569* <0.001
Faulkner 0.904** <0.001
Yuhasz 0.909"" <0.001
3. Results

Characteristics of participants are presented in Table 2.
Anthropometric measurements of skinfolds were converted
into body fat percentage (%BF) using seventeen equations
listed in Table 1.

Sixteen out of seventeen estimates of %BF showed strong
positive correlation (r=0.569 —0.909) with the values
derived from DXA measurements (Table 3 and Figure 1).
The highest correlation (r=0.909) was observed using the
equation derived by Yuhasz et al. [14]. Nevertheless, the
equations from other authors (Oliver et al., Evans et al,
Faulkner, and Thorland et al. [10, 16, 18, 20]) showed very
similar correlation coefficients (r values over 0.9); only the
r value obtained from the equation by Zuti and Golding
was smaller than 0.6 [15]. Statistical significance of all
anthropometric equations applied was high with p < 0.001.
In addition, the 95% confidence intervals showed wide
ranges and overlap (Table 4).

Statistical analysis of the %BF estimates obtained from
DXA and BIA measurements also showed high positive cor-
relation with high statistical significance (r =0.710, p < 001)
(Table 5).

4. Discussion

The aim of this study was to compare the accuracy of body
fat assessment by anthropometric measurements and BIA,
using DXA as a criterion (also referred to as one of the “gold
standard” methods), in male athletes from combat sports.
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FIGURE 1: Graphs representing correlation between existing anthropometric equations and DXA-derived estimates of assessing body fat

percentage of in male athletes from combat sports.

Furthermore, the ultimate objective was to uncover the
most precise existing anthropometric equation developed
using specific anatomical landmarks for skinfolds, circum-
ferences, joint diameters, and basic physical measurements
and characteristics (such as weight, height, age, BMI, and
WHR) applicable to the male athletes from combat sports.
Correlation results of seventeen anthropometric equations
with BIA and DXA methods revealed that equations by

Yuhasz, Oliver et al., Evans et al., Faulkner, and Thorland
et al. showed very high correlation with the values obtained
by DXA method, even stronger than the BIA values. There-
fore, these equations are considered as a suitable alternative
for assessing body fat percentage in male athletes from
combat sports.

To date, many studies proposed novel anthropometric
measurements and equations for body fat assessment.



TaBLE 4: Median values of body fat percentages measured with
DXA and BIA and estimated by anthropometric equations.

Method Median (25™-75™ percentile)
DXA 15.80 (12.70-19.45)
BIA 10.50 (7.45-13.35)
10.50 (6.95-15.80)
13.00 (10.85-16.65)
11.60 (10.10-13.90)
12.70 (10.55-16.35)
10.90 (8.90-14.25)
10.80 (8.85-14.30)
13.5 (11.00-17.05)
9.40 (6.60-12.25)
11.30 (7.90-16.80)
9.70 (7.25-12.60)
11.90 (8.40-18.05)
11.80 (8.80-18.50)
12.00 (8.30-19.25)
11.80 (8.40-19.10)
18.00 (15.45-21.35)
12.50 (10.80-14.80)
18.00 (15.45-21.35)

BIA: bioelectrical impedance; DXA: dual-energy X-ray absorptiometry; r:
Spearman’s rank correlation coefficient; p: statistical significance; **p <
0.001.

Stewart et al.

Civar et al.

Reilly et al.

Oliver et al.

Evans et al. 2

Evans et al. 1

Withers et al.
Thorland et al. 2
Thorland et al. 1
White et al.

Forsyth and Sinning 4
Forsyth and Sinning 3
Forsyth and Sinning 2
Forsyth and Sinning 1
Zuti and Golding
Faulkner

Yuhasz

TaBLE 5: Correlation between BIA and DXA-derived estimates of
body fat percentage in male athletes from combat sports.

Methods r p
BIA vs. DXA 0.710** <0.001

BIA: bioelectrical impedance; DXA: dual-energy X-ray absorptiometry; r:
Spearman’s rank correlation coefficient; p: statistical significance; **p <
0.001.

However, these methods are mostly population-specific devel-
oped for a particular sports or nation-specific, i.e., applicable
to anthropometric characteristics of a particular nation stud-
ied [10, 17, 21, 28-33]. Moreover, this myriad of methods
may cause bewilderment in coaches and sports experts in
selecting a correct method for their athletes. Therefore, inade-
quate choice of method may lead to significantly inaccurate
assessment of body fat, thus affecting management of body
fat regulation, especially in weight-sensitive sports.

Prior to choosing the adequate anthropometric measure-
ment for their athletes, the coaches/sports experts should
take into account gender, race, age, nation, condition and
competition level, protocols for skinfolds, and other anthro-
pometric measurements as well as other specific characteris-
tics of athlete population used for the development of the
chosen method. Even if all the criteria are met, it is not a
guarantee that the selected method would be accurate
enough for their particular athletes, most likely affected by
slight or more significant differences between the athlete
sample used for anthropometric method development and
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their athletes. This suggests that practically every coach
should develop an equation specific for his team which is
cumbersome and time-consuming task. Therefore, for ath-
lete body composition assessment, DXA is still the “gold
standard” method, while BIA has been the preferred field
method over anthropometry. However, anthropometric
measurements still have significant advantages over DXA
and BIA, since anthropometric instruments take up less
space, are not performed in specialized facilities, do not have
complicated electronics prone to damage, and cannot be
affected by potential physiological oscillations in human
body caused by air travel or change of time zone. Moreover,
anthropometric measurements do not require strict prepara-
tion protocols prior to testing (BIA) or highly skilled opera-
tor to perform the measurement (DXA). Taking into
account all the above, this study was aimed at assessing
which of the existing anthropometric measurements and
equations has the correlation coefficient closest to both
BIA and DXA, which are second-level validity referent
methods, and thus be suggested as an accurate alternative
in the field practice. To the best of our knowledge, more than
hundreds of anthropometric methods and equations have
been developed to date. In this study, estimates obtained
by using seventeen well-known methods/equations used
for a number of decades were correlated with DXA. Sixteen
estimates of %BF showed strong positive correlation with
the values derived from DXA measurements. This is an
intriguing finding considering that the anthropometric
methods/equations analyzed in this study have been diverse.
They were developed over more than a fifty-year span either
for athletes from different sports or on more general athlete
population, using different references and criterion methods
or applying different models for body composition assess-
ment. Therefore, greater variability in correlation coeffi-
cients with DXA method was expected. Surprisingly, the
majority of the correlation coefficients of anthropometric
measurements were higher than the correlation coefficient
of BIA with DXA method. However, considering relatively
wide ranges and overlap between the 95% confidence inter-
vals, the comparison between the correlation coefficients
should be done with special attention.

The study has several limitations. For example, even
though widely used as a reference method in estimation of
body fat content, DXA method is known to have moderate
precision and accuracy in assessing percentage of body fat
[34]. Also, DXA results can vary from different machines
and software [35]. Furthermore, readings from BIA appara-
tus are generated by proprietary prediction equations
unknown to users. Even though this study included rela-
tively large number of participants, all of them were young
Caucasians; therefore, the future studies are required to val-
idate our findings on population of different ethnicity or
even gender. Despite the described shortcomings, the study
has been performed using wide variety of methods to esti-
mate body fat percentage in a population of elite athletes.
Most importantly, the presented findings have shown that
anthropometry is an accessible and a suitable alternative to
DXA and BIA methods for assessing %BF in combat sports
such as wrestling, judo, and kickboxing.
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5. Conclusions

The aim of this study was to find which of the existing
anthropometric equations can be used as an accurate yet
affordable replacement for BIA and more importantly
DXA method in male athletes from combat sports. The
highest correlation was observed using the equation derived
by Yuhasz; however, the equations from Oliver et al., Evans
et al,, Faulkner, and Thorland et al. showed very similar cor-
relation coefficients. Moreover, all the equations with excep-
tion of Zuti and Golding seem to be more reliable than BIA
method. Therefore, anthropometric equations derived by
Yuhasz [14], Oliver et al. [10], Evans et al. [20], Faulkner
[18], and Thorland et al. [16] appear to be more affordable
alternatives to DXA and BIA to which coaches and sports
experts can resort to when these more complex methods
are not a suitable option.

Data Availability

The data (anthropometric, BIA, and DXA measurements
compiled in Excel file, SPSS database, and readings from
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Interventions aimed at motivation for physical activity (PA) are mostly beneficial, but the effects on preventing the decrease in PA
are not entirely clear, especially in girls. The main aim of this study was to identify the differences and associations between PA
motives and types of PA in boys and girls and between low and high motivated boys and girls. Another aim is to identify the types
of motivation and PA that increase the likelihood of achieving PA recommendations and to propose ways of increasing PA among
low motivated adolescents. The research carried out before the COVID-19 pandemic (2010-2019) and involved 2,149 Czech and
1,927 Polish adolescents aged 15-19 years. The International Physical Activity Questionnaire-Long Form was used to identify the
level of PA types, while PA motivation was examined through the Motives for Physical Activities Measure-Revised. During the ten
years, a decline was observed in enjoyment, fitness, and social motives. An increase in appearance motives was observed in girls,
while no significant changes were seen in boys. Boys showed a higher motivation for PA than girls in enjoyment, competence,
fitness, and social motives, while girls were high motivated in appearance motives. The greatest statistically significant
differences between low and high motivated individuals were found in the associations between recreation/vigorous PA and
between all types of motivation in boys and girls in both countries. The strongest associations in both genders were observed
between enjoyment/competence motives and recreation/vigorous PA. Respecting and using the associations between the types
of PA motives and types of PA in low and high motivated boys and girls can support feelings of PA enjoyment, increase PA,
support the achievement of PA recommendations, and positively affect adolescents” healthy lifestyles.

more, there is limited evidence suggesting that
interventions aimed at children, adolescents, and young

The increasing importance of successful physical activity
(PA) motives is unequivocal for a healthy lifestyle [1], men-
tal and physical fitness [2-4], increased participation in
organized and group-based PA [5, 6], suitable climate for
PA in physical education lessons [7], and children’s and ado-
lescents’ well-being [8, 9]. The number of interventions that
use PA motives to support children’s and adolescents’ PA is
similarly increasing [10-12]. Interventions aimed at motiva-
tion for PA and increase in PA are mostly beneficial, but the
effects are not entirely clear in terms of their effectiveness
[13-15]. Various studies suggest that a high degree of het-
erogeneity [16] and evidence is often limited [17]. Further-

adults are effective when provided that PA-related enjoy-
ment increases [11].

There is abundant evidence concerning suitable
approaches to PA motives based on the self-determination
theory [18] and proposals for the use of a combination of
the affective-reflective theory of physical inactivity and exer-
cise [19] and the theory of energy cost minimization [20].
These theories emphasize the need for deeper research con-
cerning the types of PA motives and the importance of phys-
ical load optimization. They also assert feelings of PA
satisfaction, immediate identification, and use of positive
or negative PA assessment or physical inactivity, as well as
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clear identification of positive assessment in association with
pleasure or negative assessment in association with displea-
sure [21]. Furthermore, in line with the self-determination
theory, Dishman et al. [22] accentuate the need to focus on
autonomous motivation while respecting external motiva-
tion and support a parallel focus on specific objectives such
as appearance, competence, enjoyment, fitness, or social fac-
tors. Numerous studies also emphasize the need for further
research aimed at intrinsic motivation to enhance adoles-
cents’ daily moderate to vigorous PA (MVPA) [23], identify-
ing individuals with low intrinsic motives for PA [24] and
removing gender imbalance in PA levels and autonomous
forms of motivation to encourage physical activities in ado-
lescent girls [25].

In a ten-year cross-section research study, we strive to
create starting points that can support more effective moti-
vation of girls and boys for PA in challenging postpandemic
times. Due to the unsatisfactory findings in the trends of PA
in adolescents [26], we focus more on girls and adolescents
with less motivation for PA. Furthermore, PA motives and
types of PA are characteristics of these adolescents. We con-
sider respecting different motives and different types of PA
to be essential. To increase the strength of the study, we con-
ducted the same research in different educational environ-
ments of Czech and Polish adolescents. The research is
aimed at answering the following questions:

(i) What changes took place during the long-term
monitoring of PA motives and PA types in boys
and girls?

(ii) What are the associations of PA types and PA
motives with low-and high-motivated boys and
girls?

(iii) What are the associations between PA motives, PA
types, and achievement of PA recommendations?

The study should help to resolve the question for sup-
porting the right selection of the type of motivation in boys
and girls to different types of physical activity.

The main aim of this study was to identify the differ-
ences and associations between PA motives and types of
PA in boys and girls and between low and high motivated
boys and girls. Another aim is to identify the types of
motives and PA that increase the likelihood of achieving
PA recommendations and to propose ways of increasing
PA among low motivated adolescents.

2. Materials and Methods

2.1. Participants and Setting. This retrospective cross-
sectional study was carried out in 68 secondary schools in
the Czech Republic and 76 secondary schools in Southern
Poland between 2010 and 2019. The schools were selected
based on long-term cooperation with the university depart-
ments. Two coeducational classes of students were randomly
selected from each selected school. The entire research was
performed by the same research teams in both countries,
always accompanied by a responsible administrator desig-
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nated by the school management. Each year, the research,
involving 1,558 boys and 2,518 girls (Table 1), was carried
out in five to eight schools on an average in both countries.

Body mass index (BMI) was calculated using the WHO
BMI z-scores for adolescents [27]. Out of the total, 19.3%
of boys and 11.4% of girls were observed to be overweight
or obese. The numbers of participants in fall (September-
November) and spring (March-May) during the study
periods were similar. School management, parents, and par-
ticipants provided their written consent to participate in the
study. Regarding the fact that the research was presented as
part of education and a source of important information for
school management, the research included all students in the
selected groups, who were present on the day of the research.

2.2. Measures. The PA motives were identified using the
Motives for Physical Activity Measure-Revise (MPAM-R)
scale [28]. Both the Czech and Polish versions underwent
the required translation procedure pursuant to the EORTC
Quality of Life Group [29]. The internal consistency of the
scale was found to be high (Cronbach’s alpha above 0.87
for each subscale) [30, 31]. The scale comprises 30 items (list
of reasons why people engage in physical activities, sports,
and exercise) in 5 categories: interest/enjoyment (referred
to as enjoyment), competence, appearance, fitness, and
social factors. The categories were assessed on a 7-point
Likert scale (1 = “not at all true for me” to 7 = “very true
for me”). In each category, the participants were segregated
according to the median into low and high motivated indi-
viduals, separately for boys and girls.

The structure of weekly PA was determined by the Czech
and Polish versions of the International Physical Activity
Questionnaire-Long form (IPAQ-LF) [32, 33]. Both lan-
guage versions underwent the required translation proce-
dure and were in the long term empirically verified in
previous studies [34, 35]. Pearson’s correlation coeflicient
of concurrent validity between total PA (METs-min) and
weekly step counts ranged from r=0.231 to 0.283. Cron-
bach’s alpha, as an indicator of internal consistency reliabil-
ity, was 0.848 for the Polish version and 0.845 for the Czech
version. The IPAQ-LF questionnaire included PA types
(school, transport, housework, home, recreation, vigorous,
moderate, and walking) and time spent sitting. Contrary to
the guidelines for the IPAQ-LF, METs-min of vigorous PA
(VPA) was assessed using a multiple of six instead of the rec-
ommended eight to avoid overestimation of time spent by
PA and to not disrupt the proportional structure of weekly
PA that is as objective as possible; the average daily sum of
minutes of PA, transport, and sitting was set at a maximum
of 960 min/day, and the maximum number of METs-min
per week was set at 16,000 METs-min/week. A total of 191
respondents were excluded because of noncompliance with
predetermined criteria.

The weekly PA recommendations were in accordance with
the IPAQ-long questionnaire [36] determined in compliance
with the generally acknowledged recommendations [37]. Meet-
ing the stringent PA recommendations required the achieve-
ment of 60 minutes of MVPA on at least five days a week (in
at least one of the PA types specified in the questionnaire)
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TaBLE 1: Sample characteristics.

Gender Country

Age
n (years)

M

SD

Weight

M

(cm)

SD M

(kg)

Height

SD

(METs-min/

M

SD

Sitting
(min/day)

M

SD

Czech Republic

B
oy Poland

705
853

16.6
16.3

1.2
0.7

68.7
67.7

12.5 177.9
12.7 176.8

8.6
7.6

803
879

578
604

382
367

123
151

Czech Republic

Girl
e Poland

1444
1074

16.8
16.3

1.2
0.7

59.1
56.9

9.2 167.1
8.6 165.9

6.7
6.1

679
773

508
556

395
371

118
143

M: mean; SD: standard deviation; PA: physical activity.
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FIGURe 1: Gender-stratified estimated physical activity motives
over five two-year periods.

and at the same time 20 or more minutes of VPA on three or
more days a week (5x60 min MVPA + 3 x 20 min VPA)
[38]. This PA recommendation was selected because the great-
est statistically significant correlations were observed between
the types of motivation and VPA in adolescents (enjoyment
1, =0.313, competence r, = 0.347, appearance r, = 0.247, fit-

ness 1, = 0.206, social r, =0.168, and sum motivation rp=
0.315).

2.3. Procedure. The introductory session concerning the
completion of the questionnaires was held in a school com-
puter lab. All participants were registered in the “Interna-
tional Database for Research and Educational Support”
(Indares) (http://www.indares.com/). They were informed
of the methods for maintaining data confidentiality and
feedback concerning the average research results. First, the
participants completed the IPAQ-LF questionnaire, followed
by the MPAM-R scale. For reporting purposes, the ten-year
monitoring period was divided into five two-year periods
(2010-2011, 2012-2013, 2014-2015, 2016-2017, and 2018-
2019) to document the trend in behavior changes.

2.4. Data Analysis. Statistical analyses were performed with
the help of software Statistica, version 13 (StatSoft, Prague,
Czech Republic), and SPSS, version 25 (IBM Corp., Armonk.
NY). Basic descriptive statistics were applied to characterize
the sample (mean, standard deviation, median, and inter-
quartile range); one-way ANOVA was applied to assess gen-
der differences in PA motives and types of PA; Kruskal-
Wallis test was applied to identify the differences between
low and high motive boys and girls, and nonparametric
Spearman’s correlation coefficient was used to identify the
associations between types of PA and motivation types. Dif-
ferences in the responses were assessed using the Mann-
Whitney U test. To identify the differences in meeting the
PA recommendations, cross-tabulation and percentage dif-
ference tests were conducted. The data distribution in the
assessment of weekly PA and PA motives was presented
using categorized scatter plots. Binary logistic regression
with the standard entry method (where all independent var-
iables are simultaneously entered into the equation at the
same time) was used to assess the likelihood of achieving
PA recommendations. The #7,> and# effect size coefficients

were evaluated as follows: 0.01 <#,* (17°) < 0.06 indicated a
small effect size, 0.06 <77, () < 0.14 indicated a medium
effect size, and #,” (°) > 0.14 indicated a large effect size.
Statistical significance was set at p < 0.05.

2.5. Ethics. The study was conducted in accordance with the
WMA Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of the Faculty of Physical
Culture at Palacky University Olomouc for research projects
(No. MSM6198959221 and No. 37/2013). School manage-
ment, parents, and participants confirmed their agreement
to participate in the research by providing written consent.

3. Results

3.1. Characteristics of Physical Activity Motives and Physical
Activity Types among Boys and Girls over Five Two-Year
Periods. During the time periods of this research, a decline
was observed among girls in enjoyment motives
(F (42513 = 3.66, p = 0.006,77,> =0.006), ~fitness  motives
(F(42513) = 3.08,p=0.015,7,> = 0.005), and social motives
(F(42513) = 8.58,p < 0.001,7,% = 0.013).
increase  in

However, an

appearance  motives was  observed


http://www.indares.com/

2500 1
2000 - \/
)
] —_ T = —_—
g e —
z —
= 1000 1
El S —
500
0 T T T T 1
2010-2011 2012-2013 2014-2015 2016-2017 2018-2019
Years
School-boys Home-boys
—— - School-girls —— - Home-girls

Transport-boys
Transport-girls

—— Recreation-boys
— . Recreation-girls

()

BioMed Research International

3000

2500 -

METs (min/week)
5 @ S
S = 3
S 3 3

- — -
500
0 T T T T |
2010-2011 2012-2013 2014-2015 2016-2017 2018-2019
Years

Walking-boys
—— - Walking-girls
Moderate-boys

Moderate-girls
Vigorous-boys
—— - Vigorous-girls

(b)

FIGURE 2: Structure of physical activity by implementation (a) and intensity (b) over five two-year periods.

(F(42513) = 541, p < 0.001,77,> = 0.009) (Figure 1). No signif-
icant changes in PA motives were identified in boys during
the study.

For the entire period, statistically significant gender dif-
ferences were observed in enjoyment motives (p < 0.001),
competence motives (p < 0.001), fitness motives (p < 0.001
), and social motives (p < 0.001), among boys. Girls showed
greater motivation than boys only in appearance motives
(p <0.001). Additionally, girls demonstrated greater motiva-
tion for PA than boys only in their responses to following
motives: No. 17 to which they responded with the option,
“Because I want to improve my appearance”
(U=6.15,p<0.001, 7> =0.024); No. 20, to which they
responded, “Because I want to be attractive to others”
(U=1.88,p=0.061,7>=0.002); No. 21, where they
responded with “Because I want to meet new people”
(U=1.96,p=0.049,#* =0.002); No. 24, where they
responded with “Because I want to improve my body shape”
(U=8.46,p <0.001,#* =0.046); and No. 27, with the
option, “Because I will feel physically unattractive if I do
not” (U =2.10, p = 0.036, * = 0.003).

Concerning the structure of PA, a decrease was observed
only in recreation PA among girls over the two five-year
periods (F(y 553 = 2.41, p=0.048,77,> = 0.004) (Figure 2). In
boys, no statistically significant changes in the types of PA
were found during the study period. In total, a statistically sig-
nificant gender difference was observed in favor of boys in
school PA (p <0.001), home PA (p <0.001), recreation PA
(p <0.001), walking (p < 0.001), and moderate PA (p < 0.001
), with the greatest difference being in VPA, where boys
achieved 1,723 METs-min/week while girls reached 1,166
METs-min/week (F 4974y = 94.55, p < 0.001, npz =0.023). It
was found that only in the transport PA, the gender differences
were not statistically significant (p = 0.741).

3.2. Differences in Weekly Physical Activity between Low and
High Motivated Boys and Girls (by Types of Physical Activity
and PA Motives). The greatest statistically significant differ-

ences between low and high motivated individuals were
found between recreation PA and all types of motivation
in both sexes in the two countries (Table 2). It should be
noted that only in recreational PA, low motivated Czech
boys were found to be more active than low motivated Czech
girls. This applies to all PA motives. The smallest impact of
PA motives was observed in transport PA (except for
appearance motivation in Polish boys).

The greatest impact on vigorous PA was observed in low
and high motivated boys and girls in all types of motivation;
however, statistically significant values were observed in all
groups only in enjoyment, competence, and fitness motives
(Table 3). Additionally, the differences between boys and
girls were statistically significant in all low and high moti-
vated groups in vigorous PA in competence motives. The
smallest impact of PA motives was observed during walking.
Girls reported more walking than boys but was statistically
significant only for Polish low motivated girls compared
with low motivated Polish boys in motives of enjoyment,
competence, and appearance and compared with Czech
low motivated girls in competence motives, as opposed to
low motivated Czech boys.

3.3. Associations between Recreation PA and PA Motives and
between Vigorous PA and PA Motives. The greatest impact
of PA motives on the types of PA was documented by the
correlation analysis (Figure 3). In boys, the strongest associ-
ations were between recreation PA with enjoyment
(r,=0.266) and competence motives (r,=0.263) and
between VPA with enjoyment (r, =0.278) and competence
motives (r, = 0.313). In girls, the strongest associations were
between recreation PA with enjoyment (r,=0.272) and
competence motives (r;=0.253) and between VPA with
enjoyment (7, =0.304) and competence motives (r, =0.313
). The smallest correlations were reported for boys between
social motives and recreation (r,=0.151) and vigorous PA
(r,=0.128) and for girls and between appearance motives
and recreation (7, = 0.128) and vigorous PA (r,=0.139).
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TABLE 2: Associations between the types of weekly PA (METs-min/week) and types of motivation in low and high motivated Czech and
Polish boys and girls.

Czech Polish
Boys Girls Boys Girls
L (n=705) (n=1444) (n=853) (n=1074) )
Types of motivation 1 ' \iot High Mot Low Mot High Mot Low Mot High Mot Low Mot High Mot H p v
Mdn Mdn Mdn Mdn Mdn Mdn Mdn Mdn
(IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR)
School PA
. 690 1174 549 719 1313 1998 956 1601 e .
: 0.032
Enjoyment (2286)  (3079)  (1864)  (2320)  (3351)  (4118)  (2672)  (3454) 139.17 <0.001
690 1120 540 765 1440 1911 952 1560 J .
ade 0.031
Competence (2304)  (2969)  (1835)  (2227)  (3500)  (4065)  (2723)  (3544) 134.71 <0.001
690 1079 542 715 1321 2160 1188 1187 ¢ .
0.027
Appearance (2555)  (2624)  (1938)  (2303)  (3355)  (4100)  (2873)  (3227) 11581 <0.001
. 707 932 563 665 1393 1862 973 1511 e ,
: 0.028
Fitness (2455) (2850) (1935) (2244) (3550) (3867) (2812) (3450) 12247 <0.001
Social 658 1155 565 650 1515 1715 1054 1438 12301 <0001 0.025°

(2268) (3095) (1980) (2071) (3758) (3776) (2599) (3379)

Transport PA

Enjoyment (16 37750) (1735778) (163%139) (1852359) (16 79838) (2919206) (1659335) (1777;2) 2227 0002 0.004

Competence (16 39430) (115561) (1?239) (1739926) (1792205) (1993506) (1751;3) (17;332) 848 0292 0.001

Appearance (1639230) (1730952) (1639230) (1851365) (166116) (égéi) (17;126) (16;535) 211750004 0003

Fitness (16 38243) (17;62) (129730) (1%%99) (16 89831) (1993208) (1679136) (1767948) 11.86 0-105 0.001

Social (16 39131) (174[232) (1639230) (1739826) (17;439) (2912643) (174(1375) (1794060) 478 0.687 0001

Home PA

Enjoyment (1413550) (1s4f4) (Zg) (gg(s)) (;Zg) (1306100) (igg) (gig) 3086 <0.0010.006

Competence G sy o 9 e o o @y 68 <osor oo
Appearance (1307850) (1641433) (ggg) (;Sg) (1305153) <3§3> (%g) (32(5)) 27.18 <0001 0.005

Fitness (1306983) (1633800) (%g) (%g) (;gg) (1307485) (gig) (gg) 4759" <0001 0.010°
Social (14 12740) (1557100) (igg) (;gg) (322) (1318605) (gfg) (ggg) 2947 <0001 0.006

Recreation PA

Enjoyment Qo) G () G G4 Gem gz oy PR <ooon o072
Competence (1860061) é§§§> (1628922) (iggg) (358199) (%f) (14 16729) (2908906) 276,084 <0001 0.066°
Appearance (1109%28 (23@) (1758385) (;(7)35) (1563140) (;SZ) (1523874) (1890192) 13010754 <0001 0.030°
Fitness (1982728) (;gg) (1754226) (Egg) (1553649) éif; (1520502) (125153) 1553944 <0001 0.036"
Socil 949 1485 756 1179 616 931 577 803 o ubede g0l 0028

(1869) (2317) (1453) (1941) (1727) (2620) (1380) (1946)

Note: H: Kruskal-Wallis ANOVA; p: significance; 1% effect size coefficient; PA: physical activity; *0.01 < #* < 0.06 small effect size; **0.06 < * < 0.14 medium
effect size; *** 4% > 0.14 large effect size; *Czech boys low motivation-Czech boys high motivation; "Czech girls low motivation-Czech girls high motivation;
“Polish boys low motivation-Polish boys high motivation; *Polish girls low motivation-Polish girls high motivation; “Czech boys low motivation-Czech girls
low motivation; ‘Czech boys high motivation-Czech girls high motivation; £Polish boys low motivation-Polish girls low motivation; "Polish boys high

motivation-Polish girls high motivation.

Greater motivation for PA had a positive effect on the  (Figure 4). The greatest achievement of PA recommendation
achievement of PA recommendations in both low and high ~ was observed in high motivated Polish boys, while the smal-
motivated boys and girls in all types of motivation  lest achievement was found in low motivated Czech girls.
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TaBLE 3: Associations between weekly PA of different intensities (METs-min/week) and types of motivation in low and high motivated

Czech and Polish boys and girls.

Czech Polish
Boys Girls Boys Girls
Tvpes of (n=705) (n=1444) (n=853) (n=1074)
m{iiva tion Low High Low High Low High Low High H p e
Mot Mot Mot Mot Mot Mot Mot Mot
Mdn Mdn Mdn Mdn Mdn Mdn Mdn Mdn
(IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR)
Vigorous PA
. 720 1530 150 840 630 1800 225 1080 abodgh 0.099°*
Enjoyment (1620)  (2430)  (900)  (2070)  (2160)  (3150)  (1140) (2595) 082 <0.0010.
615 1560 165 840 720 1800 240 1050 abcdgh 0.098"*
Competence (1650)  (2190)  (900)  (2055) (2310) (3360) (1260) (2700) 0642 <0.001 0.
720 1260 360 540 840 1620 420 720 acdh .
cds 0.04
Appearance (2160)  (2250) (1380) (1710) (2350) (3120) (1650) (2250)  \09-2 <0.001
. 720 1440 270 720 735 1560 360 930 abcdgh .
’’’’ 001 0.052
Fitness (2130)  (2340)  (1080)  (1890)  (2430)  (3000)  (1440) (2460) 4728 <0.001
. 735 1320 270 720 1080 1260 420 840 abds .
b, 0.047
Social (2070)  (2370)  (1080) (2160) (25200 (3120) (1620) (25200 07 <0.001
Moderate PA
. 1110 1740 690 978 1440 1680 973 1260 abs .
b, 0.038
Enjoyment (2090)  (2759)  (1415) (1828)  (2840) (30200 (1870) (2108) 16248 <0.001
1040 1820 690 953 1560 1670 930 1320 abdeg .
bde, 0.040
Competence (2033)  (2780)  (1480) (1715) (2806) (3113) (1845) (2160) 018 <0.001
1110 1680 740 900 1438 1725 1120 1210 b .
a 0.032
Appearance (2130)  (2573) (1450) (1700)  (2828) (3090)  (1835) (2255)  L°/38 <0.001
. 1060 1680 720 925 1411 1770 980 1270 ods .
s 0.037
Fitness (2220)  (2580) (1515)  (1610) (2808)  (3100) (1853) (2170) 101 <0.001
. 1260 1590 730 893 1405 1785 1013 1260 . .
. 001 0.032
Social (2013)  (2710)  (1580)  (1625)  (2840)  (3080)  (1870)  (2120) 138.48 <0.001
Walking
_ 1287 1477 1617 1658 1139 1568 1403 1832 g .
» 0.011
Enjoyment (2360)  (2533) (2475  (2673)  (2739)  (2723)  (2574)  (2879) >1.37 <0.001
1279 1518 1667 1584 1155 1551 1485 1832 .
Competence (2269)  (2525)  (2657)  (2549)  (2789)  (2706)  (2607)  (2805) 43.08 <0.001 0.009
1386 1452 1518 1716 1139 1617 1568 1716
cg 0.011*
Appearance (2327)  (2558) (2376) (2772)  (2525)  (3053)  (2558)  (2904) >1.16 <0.001
. 1353 1452 1625 1634 1188 1403 1502 1815
Fitness (2384)  (2525) (2508)  (2640) (2764)  (2706)  (2558)  (2855) 37.15 <0.001 0.007
‘ 1320 1518 1617 1650 1254 1436 1485 1782
Social (2211)  (2706)  (2574)  (2607)  (2574)  (2970)  (2426)  (2921) 37.81 <0.0010.008

Note: H: Kruskal-Wallis ANOVA; p: significance; 1% effect size coefficient; PA: physical activity; *0.01 < 5> < 0.06 small effect size; **0.06 < * < 0.14 medium

sk 2

effect size; ***y

>0.14 large effect size; *Czech boys low motivation-Czech boys high motivation; ®Czech girls low motivation-Czech girls high motivation;

“Polish boys low motivation-Polish boys high motivation; “Polish girls low motivation-Polish girls high motivation; °Czech boys low motivation-Czech girls
low motivation; ‘Czech boys high motivation-Czech girls high motivation; £Polish boys low motivation-Polish girls low motivation; "Polish boys high

motivation-Polish girls high motivation.

The greatest impact on the achievement of PA recommen-
dations was observed in all groups, caused by enjoyment
and competence motives. Notable differences in the
achievement of PA recommendations were observed
between low and high motivated Czech girls in enjoyment
(x> =57.69,p <0.001, 7> = 0.040) and competence motives
(x*=56.19,p < 0.001,77* = 0.039), achieving 15 p.p., and
in the achievement of PA recommendations by Polish

high motivated girls in all PA motives (28% social motives
to 33% enjoyment motives).

3.4. Predictors of Meeting PA Recommendations. Enjoyment,
competence, and appearance motives in boys and girls
increased the likelihood of achieving rigorous PA recommen-
dations (VPA 3 x 20 min + MVPA 5x 60 min) (Table 4).
Adjusted moderator variables (country, age, BMI, and
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FiGure 3: Correlations between recreation PA and PA motives (a) and between vigorous PA and PA motives (b) between boys and girls.

organized PA) involved in the model did not show a signifi-
cant effect on the achievement of the PA recommendation nei-
ther in boys nor girls. Active participation in organized PA as
the most significant moderator variable did not decrease the
significance of the predictors of enjoyment, competence, and
appearance motives for meeting the PA recommendations.

4. Discussion

4.1. Trends and Gender Differences in PA Motives and Types
of PA. The results found that during the ten-year period,
girls showed a decline in enjoyment, fitness, and social
motives and an increase was observed only in appearance
motives. A significant decrease in enjoyment motives was
also observed by Abi Nader et al. [39] in both girls and boys.
However, in the study, appearance motives were in the last
position among other PA motives, while in Czech and Polish
adolescents in the present study, the motives with the lowest
assessment were social motives. This is consistent with the
results of a previous Polish study [30].

Only in appearance motives were the girls more moti-
vated to engage in PA than boys. In Polish girls, a greater
appearance motive was observed by [40]. Generally, most
studies confirm higher PA motivation among boys com-
pared to girls, in both adolescents [41] and young adults
[42]. However, a Norwegian study showed that girls had
higher scores in intrinsic motives for sports participation,
compared to boys, and that boys had higher scores in more
extrinsic motives, but gender had no influence on motiva-
tion for sustained exercise [43].

The decrease in PA motives in girls is consistent with the
decrease in recreation PA on average from 1,424 METs-min/
week in the first period to 1,271 METs-min/week in the lat-
est. Nevertheless, the values extracted in this study are
greater than those reported in previous studies on Czech
(1,146 METs-min/week) and Polish (990 METs-min/week)
girls [44]. It should be noted that a statistically significant
positive impact of all types of motivation was confirmed in
recreation PA in both girls and boys. Naturally, it should
be taken into account that these positive associations may
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motivation) and high (HM: high motivation) motivated Czech (CZ) and Polish (PL) boys and girls.

also be affected by other factors. Aaltonen et al. [24] partic-
ularly highlighted the effect of genetic influence and an even
greater influence of environmental factors. Similarly, Han-
konen et al. [45] emphasized the effect of socioeconomic
and other factors.

4.2. Differences in Weekly Physical Activity between Low and
High Motivated Boys and Girls (by Types of PA and PA
Motives). The significant differences were observed between
individuals with low and high motivation for PA, and the
level of recreation PA in boys and girls emphasizes the
importance of orientation of PA motives on preferred and
pursued types of PA in leisure time. However, this requires
respecting the preferences and possibilities for outdoor PA
by less physically active adolescents in the context of their
well-being [38] and provision of conditions/programs for
less physically active adolescents and adolescents having a
low socioeconomic status [46]. This also requires respecting
the possibilities for active participation in organized PA by
less physically active adolescents [34] and reversing the fact
that four in every five adolescents do not experience the
enjoyment motive and social, physical, and mental health
benefits of regular PA [47].

The greatest impact on VPA was observed in low and
high motivated boys and girls in all types of motivation;
however, statistically significant values were observed in all
groups only in enjoyment, competence, and fitness motives.
The strong associations between enjoyment motives and
VPA, as well as between competence motives and VPA in
both genders, are a call for more intensive use of these types
of motivation to support overall PA in adolescents. Similar
conclusions were also formulated in a longitudinal study
by Abi Nader et al. [39], who recommended that focus
should be highlighted on enjoyment and competence
motives in order to increase MVPA. According to Jakobsen
and Evjen [43], intrinsic motives such as enjoyment and
competence are vital for sustained exercise in Norwegian

adolescent boys and girls. However, it also turns out that
interventions to increase motivation for PA in schools may
boost PA enjoyment motives, especially in girls [5]. Further-
more, perceived motor competence is an important factor to
consider when attempting to promote an active and healthy
lifestyle, primarily in students with low perceived motor
competence, that is, with a lower level of motivation for
PA [48]. It was confirmed that in 10- to 11-year-old Cana-
dian children, targeting enjoyment and competence motives
may be associated with increased participation in organized
and group-based PA, as well as with an increased likelihood
of meeting PA guidelines in youth [6].

The smallest impact of PA motives was observed in
transport PA and walking (except for appearance motives
in Polish boys). Simultaneously, transport to and from
school represented as much as 36% of total daily MVPA
on school days in high school [49], but interventions to
increase the effects of walking to and from school are not
sufficiently convincing [50]. It should be emphasized that
active transport of Czech and Polish adolescents covers
22.5-24.9% of their overall weekly PA [51] and is the most
efficient use of time for PA with respect to other school
day segments [52]. Even the inclusion of a brief walking
break during the routine school day helped direct the moti-
vation to PA toward more intrinsic factors related to the
possibility of staying with classmates and peer groups, as
well as releasing surplus built-up energy [53]. The increase
in autonomous motivation (i.e., intrinsic motivation, inte-
grated, and identified regulation) in adolescents may
improve active commuting to and from school [54].

Lawler et al. [55] drew attention to the dependence of
psychological processes on the types of PAs performed. Girls
actively participating in team or individual sports and boys
participating in team sports demonstrated significantly
higher self-determined motivational characteristics relative
to other types of PA. This confirms the importance of
respecting the differences in pursued but also preferred types
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TaBLE 4: Odds ratios for meeting the recommendation (3 x 20 min vigorous PA and 5 x 60 min moderate to vigorous PA) in boys and girls
by low and high physical activity motives (enjoyment, competence, appearance, fitness, and social).

Model 1 Model 2
Boys Girls Boys Girls
Category OR OR OR OR
(95% CI) P (95% CI) p (95% CI) P (95% CI) P
PA motives
Low
Enjoyment 1.52 2.04 1.43 1.99
’ 0.005** <0.001*** 0.018* <0.001%**
High 1 1375 05) (1.56-2.67) (1.06-1.93) (1.52-2.62)
Low
Competence 1.71 1.46 1.67 1.37
' <0.001"** 0.005** 0.001** 0.024*
High 1 7 231 (1.12-1.91) (1.23-2.56) (1.04-1.79)
Low
Appearance 1.29 1.25 1.30 1.27
' 0.046* 0.043* 0.044* 0.030*
High ) 60-1.66) (1.01-1.55) (1.01-1.67) (1.02-1.57)
Low
Fitness . 0.95 0.48 0.94 0.96
High 0710127 %71 (o7sc129 %780 070-126) %90 074124y 07
Low
Social . 0.95 0.98 0.93 0.94
High  o7a0100) 0983 (07801200 8% (o72119) ¥ 7511 0970
Moderator variables
Czech
Country 0.81 1.50
, 0.001**
Poland ©64-1.02) 2088 (123 183)
15-16
Age 0.88 0.87
17-19 (0.70-1.11) 0.289 (0.71-1.07) 0.182
Normal
BMI ‘ 091 0.67
Overweight (0.64-1.29) 0.600 (0.44-1.01) 0.053
No
Organized PA 1.75 1.77
: <0.001*** : <0.001%**
Yes (1.30-2.35) (1.37-2.27)

OR: odds ratio; CI: confidence interval; *p <0.05, **p <0.01, and™**p < 0.001; PA: physical activity; Model 1: PA motives—enjoyment, competence,
appearance, fitness, and social; Model 2: adjusted for country, age, BMI, and organized physical activity.

of PA in boys and girls [38] in selecting the methods of
motivating for PA or in selecting interventions to increase
adolescents’ PA and well-being.

4.3. Associations between Types of PA and Motivation in
Boys and Girls and Achievement of PA Recommendations
and Suggestion for Improvement. The observed achievement
of PA by low and high motivated boys and girls empha-
sizes the importance of focusing on enjoyment and com-
petence motives which are mostly associated with the
achievement of PA recommendations. In order for stu-
dents to achieve PA recommendations in school, they
need to have intrinsic motivation supported by all stake-
holders, including teachers, staff, and parents, to improve
autonomy, relatedness, and competence for PA participa-
tion [56]. In the promotion of suitable motivation and
types of PA in the school environment, it is necessary to
respect the significant effect of the school’s physical, social,

and political environment on increasing PA and limiting
sedentary behavior [57]. Rosenkranz et al. [58] added that
it is also important to consider the characteristics of set-
tings and leaders, along with insights from behavioral
theory, setting theory, and evidence-based effective inter-
ventions. It is equally important to promote the experience
of a positive affective response to acute PA to improve
intrinsic motivation for PA [59].

For decision-making about the types of motivation for
PA, it is also important to consider that wearables (such as
smart wristbands or smart watches) increase motivation to
be physically active via self-monitoring, goal setting, feed-
back, and competition. However, it is also important to
note that children and youth often report technical prob-
lems and a new effect in using wearables, which may
impact the long-term use of wearables [10]. Motivation
for PA using technology allows greater individualization
and respect for personal and individual characteristics,
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especially among students with lower levels of self-
perception. The positive effects of interventions to pro-
mote PA using smartphone-based PA are found by
Emberson et al. [60] but, at the same time, point out the
limits in acting on intrinsic PA motivation.

4.4. Suggestions to Improve the Effectiveness of Motivation for
PA in Girls and Low Motivated Adolescents

(i) The greatest emphasis should be placed on intrinsic
motivation through enjoyment and competence
motives for encouraging PAs in girls and low moti-
vated adolescents

(ii) Appearance motives should be used extensively to
motivate girls for PA

(iii) Regarding the negative effects of the pandemic, the
postpandemic period should be used to improve
adolescents’ readiness for home-based PA, decreas-
ing digital space time, and maintaining mental

health and well-being

(iv) In line with the findings of previous studies, the
postpandemic era requires substantial changes in
the approaches to PA motives and PA types

(v) Motivation for PA should be based on the knowl-
edge of the preferences of PA types in the context
of their achievement in the different segments of
the school day, especially during leisure time

(vi) The selection of motivation for PA should respect
the specifics of the segments of the school day and
weekdays

Future research should focus not only on the basic types
of motivation and types of PA but also on the most preferred
types of PA, especially among low motivated and less phys-
ically active adolescents. Future research should also focus
on the characterization of the changes in the associations
between PA motives and types of PA that occurred as a
result of the negative impacts of the pandemic.

4.5. Strengths and Limitations. The strength of the study is
the implementation of the ten-year research in clearly
defined and identical settings in schools of both countries
for the entire period of the research, which was enabled by
the Indares web-based application.

The limit is the cross-sectional nature of the study,
because it was not appropriate for practical and organiza-
tional reasons to carry out an annual random selection of
participants in the school environment. In addition, it was
impossible to carry out the research always on the same
school day of the week, but instead, all school days of the
week were considered almost evenly.

5. Conclusions

In the study, we sought to identify differences and associa-
tions between PA motives and types of PA in low and high
motivated boys and girls and further to identify types of

BioMed Research International

motives and PA that increase the likelihood of achieving
PA recommendations among low motivated adolescents.
The highest differences between both the low and high moti-
vated boys and girls are apparent between recreation PA and
all types of motivation. Enjoyment, competence, and appear-
ance motives in both boys and girls increased the likelihood
of achieving PA recommendations. The decrease in PA
motives among girls calls for an increased attention to gen-
der differences and the greater application of appearance
motives in girls. Enjoyment, competence, and appearance
motives in boys and girls increase the likelihood of achieving
PA recommendations. Respecting and using the associations
between PA motives and types of PA in low and high moti-
vated boys and girls can support feelings of PA enjoyment,
increase PA, support the achievement of PA recommenda-
tions, and positively affect adolescents’ lifestyles. The role
of the school environment for effective motivation for PA
among low motivated and less physically active adolescents
is irreplaceable in national, school, and local policies.

Abbreviations
PA: Physical activity
VPA: Vigorous physical activity

MVPA:  Moderate to vigorous physical activity

BMI: Body mass index

MET: Metabolic equivalent

IPAQ-LF: International Physical Activity Questionnaire-

Long form
MPAM-R: Motives for Physical Activity Measure-Revise
LM: Low motivation
HM: High motivation.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

No potential conflict of interest was reported by the authors.

Acknowledgments

This work was supported by grants from the Ministry of
Youth, School and Education “Physical Activity and Inactiv-
ity of the Inhabitants of the Czech Republic in the Context of
Behavioral Changes” (No. MSM6198959221) and the Gran-
tovd Agentura Ceska Republiky “Multifactorial Research on
Built Environment, Active Lifestyle and Physical Fitness in
Czech Adolescents” (No. 14-26896S).

References

[1] J. A. Moreno-Murcia, P. Hellin, D. Gonzalez-Cutre, and
C. Martinez-Galindo, “Influence of perceived sport compe-
tence and body attractiveness on physical activity and other
healthy lifestyle habits in adolescents,” The Spanish Journal
of Psychology, vol. 14, no. 1, pp. 282-292, 2011.



BioMed Research International

(2]

(5]

9]

(10]

(11]

(12]

(13]

(14]

(15]

C. Cadenas-Sanchez, J. Lamoneda, and F. J. Huertas-Delgado,
“Association of cardiorespiratory fitness with achievement
motivation in physical education in adolescents,” Interna-
tional Journal of Environmental Research and Public Health,
vol. 18, no. 5, p. 2317, 2021.

R. B. Sheehan, M. P. Herring, and M. J. Campbell, “Associa-
tions between motivation and mental health in sport: a test
of the hierarchical model of intrinsic and extrinsic motiva-
tion,” Frontiers in Psychology, vol. 9, p. 707, 2018.

J. H. van de Kop, W. G. van Kernebeek, R. H. J. Otten, H. M.
Toussaint, and A. P. Verhoeff, “School-based physical activity
interventions in prevocational adolescents: a systematic review
and meta-analyses,” Journal of Adolescent Health, vol. 65,
no. 2, pp. 185-194, 2019.

R. D. Burns, Y. Fu, and L. W. Podlog, “School-based physical
activity interventions and physical activity enjoyment: a
meta-analysis,” Preventive Medicine, vol. 103, pp. 84-90, 2017.
J. Goguen Carpenter, M. Bélanger, J. O'Loughlin et al., “Asso-
ciation between physical activity motives and type of physical
activity in children,” International Journal of Sport and Exer-
cise Psychology, vol. 15, no. 3, pp. 306-320, 2017.

V. Barkoukis, N. Chatzisarantis, and M. S. Hagger, “Effects of a
school-based intervention on motivation for out-of-school
physical activity participation,” Research Quarterly for Exercise
and Sport, vol. 92, no. 3, pp. 477-491, 2021.

G. E. Hale, L. Colquhoun, D. Lancastle, N. Lewis, and P. J.
Tyson, “Review: physical activity interventions for the mental
health and well-being of adolescents — a systematic review,”
Child and Adolescent Mental Health, vol. 26, no. 4, pp. 357-
368, 2021.

S. Shannon, D. Brennan, D. Hanna, Z. Younger, J. Hassan, and
G. Breslin, “The effect of a school-based intervention on phys-
ical activity and well-being: a non-randomised controlled trial
with children of low socio-economic status,” Sports Medicine-
Open, vol. 4, no. 1, p. 16, 2018.

A. V. Creaser, S. A. Clemes, S. Costa et al., “The acceptability,
feasibility, and effectiveness of wearable activity trackers for
increasing physical activity in children and adolescents: a sys-
tematic review,” International Journal of Environmental
Research and Public Health, vol. 18, no. 12, p. 6211, 2021.

L. Klos, K. Feil, T. Eberhardt, and D. Jekauc, “Interventions to
promote positive affect and physical activity in children, ado-
lescents and young adults-a systematic review,” Sports (Basel,
Switzerland), vol. 8, no. 2, p. 26, 2020.

S. Messing, A. Riitten, K. Abu-Omar et al., “How can physical
activity be promoted among children and adolescents? A sys-
tematic review of reviews across settings,” Frontiers in Public
Health, vol. 7, p. 55, 2019.

K. Knittle, J. Nurmi, R. Crutzen, N. Hankonen, M. Beattie, and
S. U. Dombrowski, “How can interventions increase motiva-
tion for physical activity? A systematic review and meta-anal-
ysis,” Health Psychology Review, vol. 12, no. 3, pp. 211-230,
2018.

R. Love, J. Adams, and E. M. F. van Sluijs, “Are school-based
physical activity interventions effective and equitable? A
meta-analysis of cluster randomized controlled trials with
accelerometer- assessed activity,” Obesity Reviews, vol. 20,
no. 6, pp. 859-870, 2019.

M. Vaquero-Solis, D. 1. Gallego, M. A. Tapia-Serrano, J. J.
Pulido, and P. A. Sdnchez-Miguel, “School-based physical
activity interventions in children and adolescents: a systematic

(16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

(27]

(28]

(29]

11

review,” International Journal of Environmental Research and
Public Health, vol. 17, no. 3, p. 999, 2020.

S. Andermo, M. Hallgren, T. T. Nguyen et al., “School-related
physical activity interventions and mental health among chil-
dren: a systematic review and meta-analysis,” Sports Medicine-
Open, vol. 6, no. 1, p. 25, 2020.

A. Kelso, S. Linder, A. K. Reimers et al., “Effects of school-
based interventions on motivation towards physical activity
in children and adolescents: a systematic review and meta-
analysis,” Psychology of Sport and Exercise, vol. 51, article
101770, 2020.

P. J. Teixeira, E. V. Carraga, D. Markland, M. N. Silva, and
R. M. Ryan, “Exercise, physical activity, and self-
determination theory: a systematic review,” International Jour-
nal of Behavioral Nutrition and Physical Activity, vol. 9, no. 1,
p- 78, 2012.

R. Brand and P. Ekkekakis, “Affective-reflective theory of
physical inactivity and exercise,” German Journal of Exercise
and Sport Research, vol. 48, no. 1, pp. 48-58, 2018.

B. Cheval, R. Radel, J. L. Neva et al., “Behavioral and neural
evidence of the rewarding value of exercise behaviors: a sys-
tematic review,” Sports Medicine (Auckland, N. Z.), vol. 48,
no. 6, pp. 1389-1404, 2018.

R. Brand and B. Cheval, “Theories to explain exercise motiva-
tion and physical inactivity: ways of expanding our current
theoretical perspective,” Frontiers in Psychology, vol. 10,
p. 1147, 2019.

R. K. Dishman, K. L. Mclver, M. Dowda, and R. R. Pate,
“Declining physical activity and motivation from middle
school to high school,” Medicine and Science in Sports and
Exercise, vol. 50, no. 6, pp. 1206-1215, 2018.

H. Kalajas-Tilga, A. Koka, V. Hein, H. Tilga, and L. Raudsepp,
“Motivational processes in physical education and objectively
measured physical activity among adolescents,” Journal of
Sport and Health Science, vol. 9, no. 5, pp. 462-471, 2020.

S. Aaltonen, J. Kaprio, E. Vuoksimaa, C. Huppertz, U. M.
Kujala, and K. Silventoinen, “Genetic architecture of motives
for leisure-time physical activity: a twin study,” Scandinavian
Journal of Medicine & Science in Sports, vol. 27, no. 11,
pp. 1431-1441, 2017.

A. Luque-Casado, X. Mayo, A. M. Lavin-Pérez, A. Jiménez,
and F. Del Villar, “Understanding behavioral regulation
towards physical activity participation: do we need a paradigm
shift to close the gender gap?,” Sustainability, vol. 13, no. 4,
p. 1683, 2021.

S. A. Conger, L. P. Toth, C. Cretsinger et al., “Time trends in
physical activity using wearable devices: a systematic review
and meta-analysis of studies from 1995 to 2017,” Medicine
and Science in Sports and Exercise, vol. 54, no. 2, pp. 288-
298, 2022.

M. de Onis, A. W. Onyango, E. Borghi, A. Siyam, C. Nishida,
and J. Siekmann, “Development of a WHO growth reference
for school-aged children and adolescents,” Bulletin of the
World Health Organization, vol. 85, no. 9, pp. 660-667,
2007.

R. M. Ryan, C. M. Frederick, D. Lepes, N. Rubio, and K. M.
Sheldon, “Intrinsic motivation and exercise adherence,” Inter-
national Journal of Sport Psychology, vol. 28, no. 4, pp. 335-
354, 1997.

A. Cull, M. Sprangers, K. Bjordal, N. Aaronson, K. West, and
A. Bottomley, EORTC Quality of Life Group translation



12

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(38]

(39]

[40]

(41]

[42]

procedure, Brussels, Belgium, EORTC Quality of Life Unit, 2nd
ed. edition, 2002.

M. Krol-Zielinska, D. Groftik, M. Bronikowski et al., “Under-
standing the motives of undertaking physical activity with dif-
ferent levels of intensity among adolescents: results of the
INDARES study,” BioMed Research International, vol. 2018,
Article ID 1849715, 8 pages, 2018.

J. Vasickova and H. Pernicovd, “Inner consistency and inner
validity of the Czech version of Motives for Physical Activities
Measure- Revised (MPAM-R),” Télesnd Kultura, vol. 41, no. 2,
pp. 74-81, 2019.

C. L. Craig, A. L. Marshall, M. Sj6strom et al., “International
physical activity questionnaire: 12-country reliability and
validity,” Medicine and Science in Sports and Exercise, vol. 35,
no. 8, pp. 1381-1395, 2003.

M. Hagstromer, P. Bergman, I. De Bourdeaudhuij et al., “Con-
current validity of a modified version of the International
Physical Activity Questionnaire (IPAQ-A) in European ado-
lescents: the HELENA study,” International Journal of Obesity,
vol. 32, no. S5, pp. S42-548, 2008.

D. Groffik, K. Fromel, M. Ziemba, and J. Mit4s, “The associa-
tion between participation in organized physical activity and
the structure of weekly physical activity in Polish adolescents,”
International Journal of Environmental Research and Public
Health, vol. 18, no. 4, p. 1408, 2021.

J. Mitas, K. Fromel, P. Valach, A. Suchomel, M. Vorli¢ek, and
D. Groffik, “Secular trends in the achievement of physical
activity guidelines: indicator of sustainability of healthy life-
style in Czech adolescents,” Sustainability, vol. 12, no. 12,
p. 5183, 2020.

M. Kudlacek, K. Fromel, and D. Groffik, “Associations
between adolescents' preference for fitness activities and
achieving the recommended weekly level of physical activity,”
Journal of Exercise Science and Fitness, vol. 18, no. 1, pp. 31-39,
2020.

World Health Organization, WHO guidelines on physical
activity and sedentary behaviour, 2020, https://www.who.int/
publications/i/item/9789240015128.

K. Fromel, M. Kudlacek, D. Groffik, Z. Svozil, A. Simunek, and
W. Garbaciak, “Promoting healthy lifestyle and well-being in
adolescents through outdoor physical activity,” International
Journal of Environmental Research and Public Health,
vol. 14, no. 5, p. 533, 2017.

P. Abi Nader, J. Gaudet, J. Brunet et al., “Associations between
physical activity motives and trends in moderate-to-vigorous
physical activity among adolescents over five years,” Journal
of Sports Sciences, vol. 39, no. 19, pp. 2147-2160, 2021.

J. Vasickova, H. Hrebitkova, and D. Groftik, “Gender, age and
body mass differences influencing the motivation for physical
activity among polish youths,” Journal of Sports Science,
vol. 2, no. 1, pp. 1-12, 2014.

I. Portela-Pino, A. Lopez-Castedo, M. ]. Martinez-Patifo,
T. Valverde-Esteve, and J. Dominguez-Alonso, “Gender dif-
ferences in motivation and barriers for the practice of phys-
ical exercise in adolescence,” International Journal of
Environmental Research and Public Health, vol. 17, no. 1,
p- 168, 2020.

I. Séez, J. Solabarrieta, and I. Rubio, “Motivation for physical
activity in university students and its relation with gender,
amount of activities, and sport satisfaction,” Sustainability,
vol. 13, no. 6, p. 3183, 2021.

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

[55]

BioMed Research International

A. M. Jakobsen and E. Evjen, “Gender differences in motives
for participation in sports and exercise among Norwegian ado-
lescents,” Baltic Journal of Health and Physical Activity, vol. 10,
no. 2, pp. 92-101, 2018.

K. Fromel, D. Groftik, F. Chmelik, A. Cocca, and K. Skalik,
“Physical activity of 15-17 years old adolescents in different
educational settings: a polish-Czech study,” Central European
Journal of Public Health, vol. 26, no. 2, pp. 137-143, 2018.

N. Hankonen, M. T. J. Heino, E. Kujala et al., “What explains
the socioeconomic status gap in activity? Educational differ-
ences in determinants of physical activity and screentime,”
BMC Public Health, vol. 17, no. 1, p. 144, 2017.

P. Elsborg, G. Nielsen, C. D. Klinker, P. S. Melby, J. H. Chris-
tensen, and P. Bentsen, “Sports-based recreation as a means to
address social inequity in health: why, when, where, who,
what, and how,” BMC Public Health, vol. 19, no. 1, p. 1084,
2019.

R. Guthold, G. A. Stevens, L. M. Riley, and F. C. Bull, “Global
trends in insufficient physical activity among adolescents: a
pooled analysis of 298 population-based surveys with 16 mil-
lion participants,” The Lancet. Child & Adolescent Health,
vol. 4, no. 1, pp. 23-35, 2020.

1. Estevan, F. Bardid, T. Utesch, C. Menescardi, L. M. Barnett,
and I. Castillo, “Examining early adolescents’ motivation for
physical education: associations with actual and perceived
motor competence,” Physical Education and Sport Pedagogy,
vol. 26, pp. 359-374, 2021.

A. Martin, J. Boyle, F. Corlett, P. Kelly, and J. J. Reilly, “Contri-
bution of walking to school to individual and population
moderate-vigorous intensity physical activity: systematic
review and meta-analysis,” Pediatric Exercise Science, vol. 28,
no. 3, pp. 353-363, 2016.

A. Carlin, M. H. Murphy, A. Nevill, and A. M. Gallagher,
“Effects of a peer-led Walking In ScHools intervention
(the WISH study) on physical activity levels of adolescent
girls: a cluster randomised pilot study,” Trials, vol. 19,
no. 31, 2018.

K. Fromel, D. Groffik, J. Mitds, J. Dygryn, P. Valach, and
M. Safét, “Active travel of Czech and Polish adolescents in
relation to their well-being: support for physical activity and
health,” International Journal of Environmental Research and
Public Health, vol. 17, no. 6, 2020.

K. Fromel, D. Groffik, J. Mitds, A. Madarasovd Geckovd, and
T. Csanyi, “Physical activity recommendations for segments
of school days in adolescents: support for health behavior in
secondary schools,” Frontiers in Public Health, vol. 8,
p. 527442, 2020.

P. R. Brustio, P. Mois¢, D. Marasso et al., “Participation in a
school-based walking intervention changes the motivation to
undertake physical activity in middle-school students,” PloS
One, vol. 13, no. 9, article €0204098, 2018.

R. Burgueiio, D. Gonzélez-Cutre, J. Sevil-Serrano et al.,
“Understanding the motivational processes involved in adoles-
cents' active commuting behaviour: development and valida-
tion of the Behavioural Regulation in Active Commuting to
and from School (BR-ACS) Questionnaire,” Transportation
Research Part F: Traffic Psychology and Behaviour, vol. 62,
pp. 615-625, 2019.

M. Lawler, C. Heary, and E. Nixon, “Variations in adolescents'
motivational characteristics across gender and physical activ-
ity patterns: a latent class analysis approach,” BMC Public
Health, vol. 17, no. 1, p. 661, 2017.


https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789240015128

BioMed Research International

(56]

(57]

(58]

(59]

[60]

Y. Jung, S. L. Burson, C. Julien, D. F. Bray, and D. M. Castelli,
“Development of a school-based physical activity intervention
using an integrated approach: project SMART,” Frontiers in
Psychology, vol. 12, article 648625, 2021.

K. L. Morton, A. J. Atkin, K. Corder, M. Suhrcke, and E. M. F.
van Sluijs, “The school environment and adolescent physical
activity and sedentary behaviour: a mixed-studies systematic
review,” Obesity Reviews, vol. 17, no. 2, pp. 142-158, 2016.

R. R. Rosenkranz, K. Ridley, . M. Guagliano, and S. K. Rosenk-
ranz, “Physical activity capability, opportunity, motivation and
behavior in youth settings: theoretical framework to guide
physical activity leader interventions,” International Review
of Sport and Exercise Psychology, pp. 1-25, 2021.

M. Schneider, “Intrinsic motivation mediates the association
between exercise-associated affect and physical activity among
adolescents,” Frontiers in Psychology, vol. 9, p. 1151, 2018.

M. A. Emberson, A. Lalande, D. Wang, D. J. McDonough,
W. Liu, and Z. Gao, “Effectiveness of smartphone-based phys-
ical activity interventions on individuals” health outcomes: a
systematic review,” BioMed Research International, vol. 2021,
Article ID 6296896, 13 pages, 2021.

13



Hindawi

BioMed Research International

Volume 2022, Article ID 8072824, 7 pages
https://doi.org/10.1155/2022/8072824

Research Article

@ Hindawi

Investigating the Relationship between Big Five Personality Traits
and Sports Performance among Disabled Athletes

Abdossaleh Zar,'> Sadeghipour Hamid Reza,' Fatemeh Ahmadi,” Pantelis T. Nikolaidis ©,>
Mohammad Amin Safari, Mohammad Hassan Keshazarz,” and Roger Ramsbottom®

"Department of Sport Science, School of Literature and Humanities, Persian Gulf University, Boushehr, Iran
2Persian Gulf Sports, Nutrition and Health Research Core, School of Literature and Humanities, Persian Gulf University,

Boushehr, Iran

?School of Health and Caring Sciences, University of West Attica, Athens, Greece

*Department of Sport Science, Faculty of Educational Sciences and Psychology, University of Shiraz, Shiraz, Iran
5Department of Education, Federation of Veterans and Disabled, Iran

6Department of Sport, Health Sciences and Social Work, Oxford Brookes University, Oxford OX3 0BP, UK

Correspondence should be addressed to Pantelis T. Nikolaidis; pademil@hotmail.com

Received 8 March 2022; Revised 26 April 2022; Accepted 30 April 2022; Published 18 May 2022

Academic Editor: Nebojsa Trajkovic

1. Introduction

Copyright © 2022 Abdossaleh Zar et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Awareness of the psychological issues of different groups of society can help in the management of sports programs and thus
improve their athletic performance. The aim of the present study was to investigate the relationship between the big five
personality traits and the sports performance of disabled athletes in team sports. Three hundred and seventy-six team athletes
participated in the study. Subjects completed a questionnaire of five major personality factors, and based on the information
available on the provincial boards and the Veterans and Disabled Federation, the positions obtained by each athlete were
considered as a criterion for sports performance. There was a significant relationship between the flexibility factor for men and
women (r=0.123, p=0.017), neuroticism (r=0.114, p =0.027), adaptation (r =0.171, p=0.001), extraversion (r=0.157, p =
0.002), duty orientation (r =0.104, p =0.045), and sports performance at a national level. There was a significant relationship
between neuroticism (r=0.142, p=0.006), adaptation (r=0.133, p=0.010), extraversion (r=0.163, p=0.002), and duty
orientation (r=0.130, p=0.011) with sports performance at a provincial level. There was a significant relationship between
neuroticism (r=0.156, p=0.002), extraversion (r=0.168, p=0.001), duty orientation (r=0.182, p=0.001), and sports
performance at international level. Disabled athletes seem to have above-average performance scores in most personality
factors, which can improve their physical health and increase their success in sports.

have been shown to have good convergent validity and good
separation between instrument and observer [3]. Today, this

Although psychologists acknowledge “personality” as a gen-
eral concept, its definition is open to debate, with more
effort being expended in actually evaluating the concept of
personality [1]. Factor analysis in explaining personality
structure based on traits is one of the most important and
effective methods used by psychologists [2]. Researchers
consider the big five main dimensions of personality to
include openness to experience, neuroticism, agreeableness,
extraversion, and conscientiousness. These big five factors

model of five major personality factors is a popular
approach in the study of personality traits. In this particular
model, a human is identified as a rational being who has the
justification for his/her personality [4]. The model states
that “man” is a rational being who can justify his/her per-
sonality and behavior [5].

In the behavioral sciences, the relationship between per-
sonality and sports behaviors of individuals has been studied
as part of research conducted in the sports sciences. The
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five-factor personality model underlies many studies in the
field of sports and personality [6]; Safari et al. [7] examined
the effect of five major personality factors on the motivation
of students’ sports participation and reported that the five
factors had a significant effect on their motivation and in
total 78% of the variable changes in the motivation of
students’ sports participation. Shams Ravandi et al. [2] pre-
sented a structural model based on the five major personality
factors to predict the “burnout” of professional football ref-
erees; they reported that personality traits with burnout
through the mediation of self-esteem had a significant indi-
rect relationship [2]. Even the relationship between person-
ality and the choice of sports has been discussed, as it has
been shown that team athletes have more factors identified
with extraversion [2, 8].

Such studies show that personality factors can be very
important for athletic performance. Exercise can be consid-
ered as a “laboratory” in which the performance of athletes
under high pressure and with strong emotions is evaluated
[9], which creates unique conditions to examine the role of
personality and individual differences in athletic perfor-
mance [10]. Many athletes, despite having good performance
in individual or group training, have poor performance in
competition, and the cause of these problems, in addition
to technical problems and weakness of coaches, can be attrib-
uted to environmental and stressors affecting the mental
spirit of the athlete [11]. The personality of individuals can
greatly affect this athletic performance, a topic that in certain
groups such as veterans and the disabled can provide an
attractive field for research.

Stefanovics et al. [12] showed that the five major person-
ality factors have a significant relationship with the body
mass index (BMI) of the disabled and mentioned these fac-
tors as important factors in preventing obesity in this group.
However, knowledge of the psychological issues of different
groups in society can help in the management and imple-
mentation of sports programs and thus improve their ath-
letic performance. Similarly, knowing these issues in the
field of sports for the disabled and veterans can improve
their athletic performance at national and international
levels of competition. To date, these five personality compo-
nents on the sports performance of veterans and the disabled
have not been studied; therefore, the present study is aimed
at investigating the relationship between the big five person-
ality traits and the sports performance of disabled athletes in
team sports.

2. Materials and Methods

This descriptive-analytical research (correlational study) was
conducted in 2021 in Iran.

2.1. Participants. All disabled athletes participating in pro-
vincial, national, and international competitions made up
the statistical population of the present study, of which
376 team athletes participated in the present study. Criteria
for entering the study included informed consent to partic-
ipate, no mental illness, and a willingness to cooperate and
complete a questionnaire. All ethical considerations regard-
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ing the confidentiality of the subjects’ information were
observed, and the present study received ethical approval
with the code IR.JUMS.REC.1399.045 from the Ethics Com-
mittee of Jahrom University of Medical Sciences (Fars Prov-
ince, Iran).

2.2. Procedure. After the approval of the plan by the Federa-
tion of Veterans and Disabled and coordination with the
sports delegations of Veterans and Disabled of the provinces,
all stages of work were sent in writing to the delegations
through the federation. Before data collection, the five major
personality factors, as well as how to implement the research
plan, were fully explained to the participants. Each volunteer
completed a questionnaire of the five major personality fac-
tors [13], and based on the information available on the pro-
vincial boards and the Veterans and Disabled Federation, the
positions (position refer to whether the athlete competed at
provincial, national, or international level) obtained by each
athlete were considered as a criterion for sports performance.

2.3. Questionnaire of Big Five Personality Traits. The current
questionnaire identifies the big five personality traits and
consists of 21 questions. The 50-item questionnaire of the
five major personality factors was first developed by Gold-
berg [14]. And its psychometric properties in Iran were stud-
ied by Khormaee and Khayer [15] with the permission of the
main creator of the questionnaire in the form of a doctoral
thesis. The results of the study by Khormaee and Khayer
[15] showed the high validity and reliability of this question-
naire. In addition, Khormaee and Farmani [13] based on the
results of Khormaee and Khayer [15] research, by selecting
the items of the questionnaire, the five major factors of
Goldberg personality [14] prepared a shorter form of this
questionnaire, including 25 items. The results of the factor
analysis of their research confirmed the independence of
the five major personality factors. The revelation of these five
factors in short form is consistent with the model of the five
major personality factors of Goldberg [14] and McCrae and
Costa Jr [5] regarding the 50-item questionnaire. In addi-
tion, the results of factor analysis showed that four items
of the short form were removed due to insufficient factor
loading on the desired factor and the number of items was
reduced to 21 items. In addition, the results of the reliability
measure showed that the short form of the questionnaire on
the five major personality factors has high reliability (from
69% for openness to experience to 83% for neuroticism and
agreeableness). The five major personality factors are divided
into five subscales, and the questions are measured on a 5-
point Likert scale: (a) openness to experience which includes
questions 5-10-14-19, (b) neuroticism which includes ques-
tions 4-9-13-18, (c) agreeableness which includes questions
2-7-16-21, (d) extraversion which includes questions 1-6-
11-15-20, and (e) conscientiousness which includes ques-
tions 3-8-12-17.

2.4. Sports Performance. Based on the information available
in the provincial sports delegations and the Veterans and
Disabled Federation, the positions obtained by each athlete
were considered as a criterion for sports performance.
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TaBLE 1: Examining the five major personality factors (mean + standard deviation) in team athletes.

Variable Women Men Women+men p

Openness to experience 12.51 +£3.02 12.66 + 1.96 12.60 +2.42 0.618
Neuroticism 12.85+£2.52 12.88 +2.00 12.87 £2.226 0.899
Agreeableness 12.31 +2.05 12.34 +1.35 12.33 +1.65 0.839
Extraversion 18.08 +3.20 18.22 +£2.72 18.16 +£2.91 0.681
Conscientiousness 12.72 £2.40 12.40 £2.14 12.52 £2.25 0.185

2.5. Information Analysis Method. Descriptive statistics were
used to determine the mean and standard deviation, and a
regression correlation test (Pearson product-moment corre-
lation coefficient) was used to investigate the relationship
between research variables in the inferential statistics section.
Where the data was not normally distributed, a Mann-
Whitney U test was used to compare men versus women.

3. Results

3.1. Examination of the Five Major Personality Factors of
Team Athletes. The results of the five major personality fac-
tors in women and men in team disciplines are shown in
Table 1. Between openness to experience, neuroticism, agree-
ableness, extroversion, and conscientiousness, there was no
significant difference for women compared with men.

3.2. Investigating the Relationship between Flexibility Factors
(Related to Personality) with Sports Performance at Different
Levels: Provincial, National, and International. The results
showed that there was a significant relationship between
the flexibility factor related to personality and athletic per-
formance of female team athletes in the province (r = 0.166,
p=0.046), but at the national level (r=0.123, p=0.141)
and international level (r=0.041, p=0.62), no significant
relationship was observed (Table 2). In addition, the results
showed that there was a significant relationship between
personality-related flexibility to mental health, quality of life,
and athletic performance of male team athletes at the
national level (r = 0.136, p = 0.038), but at the provincial level
(r=0.045, p = 0.494) and international level (r =0.072, p=
0.272), no significant relationship was observed. Also, there
was a significant relationship between the flexibility factor
related to personality and athletic performance of athletes
(total: men and women) in team disciplines at the national
level (r=0.123, p=0.017), but at the provincial level
(r=0.099, p =0.055) and international level (r =0.062, p =
0.233), no significant relationship was observed.

3.3. Investigating the Relationship between Neuroticism
Factors (Personality Related) with Sports Performance at
Different Levels: Provincial, National, and International.
The results showed that between the neuroticism factor
related to the personality and athletic performance of female
team athletes in the province (r=0.174, p=0.037) and
internationally (r = 0.215, p = 0.002), there was a significant
relationship, but at the national level (r =0.141, p = 0.092),

no significant relationship was observed (Table 3). Between
the neuroticism factor related to personality to mental
health, quality of life, and athletic performance of male ath-
letes in team disciplines in the province (r = 0.112, p = 0.087)
at national (r=0.091, p=0.166) and international level
(r=0.092, p=0.162), no significant relationship was
observed. Moreover, between the neuroticism factor related
to personality to mental health, quality of life, and sports
performance of athletes (total: men and women) in team dis-
ciplines in the province (r=0.142, p=0.006), national
(r=0.114, p=0.027), and international level (r =0.156, p =
0.002), a significant relationship was observed.

3.4. Investigating the Relationship between Adaptation
Factors (Related to Personality) with Sports Performance at
Different Levels: Provincial, National, and International.
There was a significant relationship between personality
adjustment factor and sports performance of female team
athletes at the national level (r=0.267, p=0.001(, but at
the province (r=0.30, p=0.20) and international level
(r=0.136, p=0.103), no significant relationship was
observed (Table 4). The results showed that there was a sig-
nificant relationship between personality adjustment factor
related to mental health, quality of life, and athletic perfor-
mance of male team athletes at the province level
(r=0.145, p=0.027), but at the national (r=0.094, p=
0.151) and international level (r = 0.057, p = 0.382), no sig-
nificant relationship was observed. Furthermore, between
personality adjustment factors related to mental health,
quality of life, and sports performance of athletes (total:
men and women) in team disciplines in the province
(r=0.133, p=0.010) at the national level (r=0.171, p=
0.001), there was a significant relationship, but at the inter-
national level (r=0.097, p=0.060), no significant relation-
ship was observed.

3.5. Investigating the Relationship between Extraversion
Factor (Personality Related) with Sports Performance at
Different Levels: Provincial, National, and International.
Between the extraversion factor related to personality and
sports performance of female team athletes in the province
(r=0.226, p=0.006) at the national (r=0.358, p=0.001)
and international level (r = 0.235, p = 0.005), significant rela-
tionships were observed (Table 5). The results showed that
between the factor of extraversion related to personality with
mental health, quality of life, and athletic performance of
male team athletes in the province (r=0.117, p=0.074) at
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TaBLE 2: Investigating the relationship between flexibility factor and sports performance at different levels: provincial, national, and

international.
Sports performance at Sports performance at Sports performance at
Variable Group the provincial level the national level the international level
r P r P r P
Women 0.166 0.046" 0.123 0.141 0.041 0.628
Flexibility Men 0.045 0.494 0.136 0.038" 0.072 0.22
Women+men 0.099 0.055 0.123 0.017* 0.062 0.232

*Indicates a significant relationship between the two variables.

TaBLE 3: Investigating the relationship between neuroticism factors and sports performance at different levels: provincial, national, and

international.
Sports performance at Sports performance at Sports performance
Variable Group the provincial level the national level internationally
r p r p r p
Women 0.174 0.037* 0.141 0.092 0.251 0.002*
Neuroticism Men 0.112 0.087 0.091 0.166 0.092 0.162
Women+men 0.142 0.006" 0.114 0.027* 0.156 0.002*

*Indicates a significant relationship between the two variables.

TaBLE 4: Investigating the relationship between adaptation factors and sports performance at different levels: provincial, national, and

international.
Sports performance at Sports performance at Sports .perforn‘%ance
. o . at the international
Variable Group the provincial level the national level level
r P r P r P
Women 0.130 0.120 0.267 0.001* 0.136 0.130
Adaptation Men 0.145 0.027* 0.094 0.151 0.057 0.382
Women+men 0.133 0.010* 0.171 0.001* 0.097 0.060

*Indicates a significant relationship between the two variables.

TaBLE 5: Investigating the relationship between extraversion factor and sports performance at different levels: provincial, national, and

international.
Sports performance at Sports performance at Sports performance at
Variable Group the provincial level the national level the international level
r p r p r p
Women 0.226 0.006" 0.385 0.001* 0.235 0.005*
Extraversion Men 0.117 0.074 0.016 0.814 0.117 0.075
Women+men 0.163 0.002" 0.157 0.002* 0.168 0.001"

*Indicates a significant relationship between the two variables.

national (r=0.016, p=0.814) and international level
(r=0.117, p=0.075), no significant relationship was
observed. Also, between the extroversion factor related to
personality to mental health, quality of life, and sports per-
formance of athletes (total: men and women) in team disci-
plines at the provincial (r=0.163, p=0.002), national
(r=0.157, p=0.002), and international level (r=0.168, p
=0.001), significant relationships were observed.

3.6. Investigating the Relationship between Duty-Oriented
Factors (Personality Related) with Sports Performance at
Different Levels: Provincial, National, and International.
The results showed that between the duty-oriented factor
related to personality and athletic performance of female
team athletes in the province (r=0.246, p=0.003) at the
national (r=0.251, p=0.002) and international level
(r=0.138, p = 0.001), significant relationships were observed
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TaBLE 6: Investigating the relationship between the duty-oriented factor

and sports performance at levels: provincial, national, and

international.
Sports performance at Sports performance at Sports performance at
Variable Group the provincial level the national level the international level
r p r p r p
Women 0.246 0.003* 0.251 0.002* 0.138 0.001*
Duty-oriented Men 0.044 0.502 0.000 0.998 0.211 0.001*
Women+men 0.130 0.011% 0.104 0.045" 0.182 0.001*

*Indicates a significant relationship between the two variables.

(Table 6). The results showed that between the duty-oriented
factor related to personality to mental health, quality of life,
and athletic performance of male team athletes in the prov-
ince (r=0.044, p=0.502) at the national level (r=0.00,
p=0.998), no significant relationship was observed, but
at the international level (r =0.211, p=0.001), a significant
relationship was observed (Table 6). The results showed
that between the factor of duty orientation related to per-
sonality and sports performance of athletes (total: men
and women) in team disciplines in the province (r=0.30
, p=0.011) at the national (r =0.104, p =0.045) and inter-
national level (r=0.182, p=0.001), significant relation-
ships were observed (Table 6).

4. Discussion

In the present study, the relationship between the big five
major personality factors and sports performance of vet-
erans and athletes with a disability was investigated. The
results of the present study showed a significant relationship
between the openness and athletic performance of the ath-
lete’s team (total: men and women) at the national level.
But there was a significant difference between the three fac-
tors of neuroticism, extraversion, and conscientiousness
with the sports performance of athletes (total: men and
women) in all three levels of competition, and there was a
significant relationship in the factor of agreeableness at both
province and national level.

In a research by Safari et al. [7], it was shown that these
five factors have a significant effect on the motivation of stu-
dents’ sports participation. In the study of Keshavarz et al.
[16], there was a significant difference in neuroticism of Ira-
nian and non-Iranian athletes, but there was no significant
difference in this characteristic in Iranian student-athletes.
According to McCrae and Costa [3], people who score
higher on neuroticism are anxious, timid, and prone to panic
and anxiety. They also cannot cope well with everyday stress,
helplessness, and embarrassment. According to the findings
of the present study, it seems that elite veteran male and
female athletes are of “high quality,” which can pave the
way for their success.

Fazel [1] compared these five major personality factors
between male and female athletes and reported that, except
for the personality factor of openness, there was a significant
difference between athletes and nonathletes in four other
factors. Jackson et al. [17] also showed that there was a sig-

nificant difference between the personality factor of open-
ness in athlete and nonathlete groups. However, these
findings are inconsistent with the results of Kajtna et al.
[18] and Reiter et al. [19]. Nevertheless, the nature of sports
and physical activity seems to satisfy people’s inner emo-
tions through more openness, an increase in the desire for
more experiences and learned techniques, and increased
motivation to participate in social arenas such as sports that
this issue in veteran and disabled athletes can have a positive
effect on their athletic performance.

In the study of Lewis and Sutton [20] and also Ghaderi
and Ghaderi [6] in line with the present study, it was shown
that personality factors such as extraversion are higher in
athletes, and it links with greater sports participation. Extro-
verts gain extra energy from connecting with the outside
world and exposing themselves to social activities. There-
fore, it seems that veterans and the disabled, due to having
a higher score in this personality trait, have good sports per-
formance and can achieve high levels at the national and
international levels in the field of sports. Brinkman [21] also
reported a significantly higher conscientiousness personality
factor in athletes. Conscientious people have a great desire to
control their emotions and focus on their goals and thus
have a higher sense of responsibility and try to perform in
the best possible way in their assigned tasks [7]. It seems that
the highest score of this personality trait in veterans and ath-
letes with disabilities can have a positive effect on their per-
formance and help them to be more successful in the field of
sport. Agreeableness was also mentioned in line with this
research by Ghaderi and Ghaderi [6] as a personality trait
that affects athletic performance. Agreeableness shows the
level of cooperation and friendly attitude, and people with
higher agreeableness have a high tendency to participate in
team sports, which can have a positive effect on their perfor-
mance. This finding was also shown in the present study of
veteran and disabled athletes.

As mentioned, this questionnaire examined the five
major personality factors (openness to experience, neuroti-
cism, agreeableness, extraversion, and conscientiousness)
among disabled athletes. It seems that the high score
obtained in this questionnaire for some factors, such as
openness to experience, reflects disabled athletes’ physical
and motivational limitations, which in turn may cause them
frustration within society. These findings highlight the need
to help these people to show their innate ability by
experiencing new sports environments and gain the respect



and admiration of people in the community. In addition, it
has been observed that, in general, the factor of extraversion
is higher in athletes than nonathletes, and disabled athletes
are more inclined to participate in sports activities [1,
17-19]. Therefore, it seems that disabled athletes with a
higher score in this factor have a high motivation to partic-
ipate in sports activities and be able to achieve high success
by participating in national and international competitions.
In addition, people with disabilities have a high sense of duty
and try to be able to best fulfill the responsibilities assigned
to them, and this feature can have a significant impact on
the national and international success of these athletes [7].
In people with disabilities, due to their disabilities, the spirit
of cooperation is very high, so these people have a high score
in agreement, and this high score affects their success in
national and international competitions [6].

Based on the findings of the present study, it seems that
disabled athletes have above-average performance scores in
most personality factors, which indicates that sport and
physical activity in this group of society can not only
improve their level of physical and mental health but also
increase their success in domestic and international sports
participation. This finding should be given special attention
in the planning of a country’s sports officials and plans for
the competition.
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Social and school closures during the COVID-19 pandemic may have led to significant stagnation in children’s motor
development, but precise data on this are lacking. We aimed to examine the impact of the pandemic and society closure on
motor development of school children and to find differences between rural and urban environments. From the SLOfit
database, we obtained anonymous results from 756 6™ grade children before the pandemic (11.3 + 0.5 years, 52.5% boys) who
performed physical fitness measurements in 2017 and 2019 in 8th grade and from 853 6" grade children (11.4+ 0.5 years,
51% boys) who performed measurements in 2019 and 2021, after 3 pandemic waves. The results of eight physical activity tests
and the overall physical fitness index were compared between the prepandemic and the pandemic generation. We divided the
sample into four groups (rural and urban prepandemic group and rural and urban pandemic group) and compared the
changes in test scores between 6th and 8th grade. We found a statistically significant decrease in the physical fitness index of
the pandemic generation (from 51.6 +29.6 to 45.8 + 30.3) compared to the prepandemic generation (from 50.4 + 30.5 to 50.5
+29.7), p<0.001. The greatest effects of pandemic closure were found in the 600-meter run, in polygon course backwards
test, in the number of sit-ups in 60 seconds, and in the 60-meter sprint. Children from rural areas showed worse decrement in
physical fitness index compared to urban areas, except for 600-meter run. We conclude that the pandemic closure has had a
significant inhibitory effect on the motor development of schoolchildren and has reduced their overall physical fitness with
worse decline in rural areas. The pandemic generation of children needs more physical education in schools and other

systemic interventions to mitigate these consequences.

1. Introduction

In the Republic of Slovenia, the COVID-19 pandemic was
declared on March 12, 2020 [1]. Since the beginning of the
pandemic, we have been hearing warnings from experts that
the pandemic-related closure of schools and sports facilities,
as well as the restriction of outdoor exercise, will have a neg-
ative impact on the physical (and mental) condition of the
population, including children [2, 3]. Pandemic measures,
including the closure of schools and kindergartens, have
eliminated regular physical education, which accounts for a
large part of planned physical activity of schoolchildren
[4]. Accordingly, the first reports on the impact of the pan-
demic closure showed a decline in children’s physical fitness
after the first wave of the pandemic in 2020 [5]. The first
wave was followed by subsequent waves, and therefore there

is a need for reliable data on the impact of the protracted
pandemic course on the motor development of children in
Slovenia.

The Sports Educational Chart (Slovenian: »$portno-
vzgojni karton«) and its upgrade, the SLOfit project, is the
main system used in Slovenia to monitor and assess the phys-
ical and motor development of school children [6]. In this
system, motor development has been assessed in all Slove-
nian primary and secondary schools since 1987. The results
are evaluated by the Faculty of Sport at the University of Lju-
bljana, Laboratory for Diagnostics of Physical and Motor
Development [7]. Before the pandemic, from 2010 to 2019,
a trend of gradual improvement in physical fitness indicators
of schoolchildren was observed in Slovenia [1]. In the first
pandemic year 2020, lower, moderate, and high-intensity
physical activity as measured by School Health Action,
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Planning, and Evaluation System (SHAPES) questionnaire
was found in a relatively small sample of 62 schoolchildren,
but no significant effect on fitness indicators as captured by
Sports Educational Chart was found compared with the pre-
pandemic control sample [8].

There are some hereditary and maternal factors associ-
ated with early motor development of children [9]. Later in
development, parental beliefs and behaviours but also some
school and sports environment features such as peer rela-
tions, classroom age range, in-class interaction, and teacher
education relate to better motor performance as well [10].
Although it is known that physical inactivity associates with
obesity and poorer motor abilities [11], there is lack of infor-
mation on the impact of population-level physical activity
on motor development in children. After three pandemic
waves, regular measurements of physical fitness were con-
ducted in schools from April 12, 2021, as part of the SLOfit
project. This gave us a unique opportunity to analyze the
impact of the protracted course of the pandemic in several
waves and subsequent society closures with reduction of
physical activity on children’s motor development.

We designed this research with the main aim to deter-
mine the impact of the COVID-19 pandemic on physical
fitness and motor development of primary school children.
Our secondary aim was to find possible differences between
rural and urban areas. On the basis of previous findings of
declines in aerobic fitness in a sample of healthy American
children during the first pandemic wave [5] and the reported
decline in physical activity in Slovenia [8], we expect to find
a statistically significantly lower progress of physical perfor-
mance of the children in pandemic generation (first hypoth-
esis). The pandemic measures are unlikely to have affected
people equally in all regions. In densely populated urban
areas, children had fewer opportunities to unrestrictedly
play outdoors, because of the mandated wearing of masks
when interpersonal distance was less than 2 meters and a
ban on the use of children’s playgrounds. Children in less
populated rural communities had an easier access to outdoor
places where they could be physically active without restric-
tion. Therefore, we hypothesized that the motor progress of
children from urban, densely populated areas in physical
performance would be statistically significantly lower than
the progress of children from rural, sparsely populated areas
(second hypothesis).

2. Materials and Methods

We designed this research as a prospective observational
study, where we analyzed the results of physical fitness of
two generations of schoolchildren: prepandemic generation,
which was measured in 2017 in the 6th grade of primary
school and in 2019 in the 8th grade, and pandemic genera-
tion, which was measured in 2019 in 6th grade and in
2021 in 8th grade of elementary school. In its motor devel-
opment, the pandemic generation has been exposed to a risk
factor—the impact of the pandemic with all its social and
health consequences. A brief summary of the key effects of
the pandemic and the social distancing and closure measures
taken is shown in Table 1. The prepandemic generation was
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not exposed to these measures and had 3 hours of physical
education per week in the 6th grade and 2 hours of physical
education per week in the 7th and 8th grade of elementary
school. Youth club sports and recreational activities during
this period were normal, but during the pandemic period,
they were subjected to restrictions and closures.

Since the measurements of physical fitness are performed
in the vast majority of Slovenian schools (more than 94% of
children in Slovenian public schools), we were able to evalu-
ate possible regional differences in addition to the general
impact on motor development. To compare the impact of
the COVID-19 pandemic on children from urban and rural
areas, we selected participants from the municipalities with
the highest and lowest population density in the Republic
of Slovenia. Data on population density were taken from
the publicly available SiStat database of the Statistical Office
of the Republic of Slovenia as of December 21, 2021. We used
the table “Population Density and Femininity Index, Munic-
ipalities, Slovenia, Semiannual” (Table ID: 05C4010S), which
is publicly available. We included schools from the munici-
palities with the highest and lowest population density and
evenly geographically distributed across the Slovenian
regions. About 800 children were included in each group.
In this way, we included 11 schools from the 18 most
densely populated municipalities and, on the other hand,
18 schools from the 27 least populated municipalities (Sup-
plement Table S1 shows all the included municipalities and
schools).

All children who participated in the SLOfit measure-
ments in the selected schools and whose parents gave
informed consent to participate in the The Sports Educa-
tional Chart (the part of SLOAfit system that measures school-
children in schools) were included in the study sample.
Affirmative verbal consent was obtained from all children
before each measurement and data collection. Participation
was completely voluntary. Data were collected and analyzed
anonymously. The collection and anonymous use of data in
the SLofit system was approved by the Medical Ethics Com-
mittee of the Republic of Slovenia (document ID 102/03/15).

In our study we used the results of SLOfit physical fitness
measurements, which were measured every year in April at
public elementary schools. The measurement system is
described in detail elsewhere [7] and, in addition to measur-
ing height, weight, and triceps skinfolds, includes a battery of
fitness tests. This consists of the performance of eight tasks
in four groups: (i) 60 second sit-ups, bent arm hang (indica-
tors of muscular fitness), (ii) stand and reach (indicator of
flexibility), (iii) standing long jump, polygon course back-
wards, 20 seconds arm plate tapping, 60 m sprint run (indi-
cators of skills related fitness), and (iv) 600 m run (indicator
of cardiorespiratory endurance). The exact description and
measurement properties of these tests are given in ref. [6]
and ref. [7].

The physical fitness index (XT) was also calculated to
represent the average performance at abovementioned 8
motor tests. It is an average value of eight T-scores. The
T-score is a value that tells us where within the population
of children of the same sex the individual’s score lies. The
T-score is calculated by converting the individual’s test
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TaBLE 1: Key societal actions during the pandemic and before the last pandemic generation testing [12].

Pandemic wave (year) Time frame

Measures taken

4™ March-14"™

The first (spring 2020) May 2020

4™ September-8™
February 2021

The second (autumn 2020
and winter 2020/21)

Restrictions on gathering in public places and movement in public

areas (individual movement allowed)
Closure of schools and other educational institutions=
Closure of public transportation

Closure of stores and services, including sports clubs (with exceptions,

e.g., grocery stores, pharmacies, and gas stations)
Prohibition of movement outside the residential community
Mandatory use of a protective mask in enclosed public spaces

Mandatory wearing of masks in addition to public enclosed spaces

(including schools) in open public areas.
Closure of restaurants after 10 p.m. and complete closure of
restaurants in red regions
Prohibition of the use of sports facilities
Prohibition of gatherings in groups of more than 10 people and,
from November 13, a ban on all socializing except for families
Closure of gyms and sports clubs
From October 17, schools were closed and distance learning was
organized for primary and secondary school students

Only sport activities of top athletes, individual athletes and sports with

1% April-12"

The third wave (spring 2021) May 2021

a maximum of 6 participants at a distance of 3 m were permitted
Introduction of a curfew between 9 p.m. and 6 a.m.
Restriction of movement to the municipality of residence

Continuation of distance learning
Shortening the curfew between 10 p.m. and 5 a.m.
Opening of schools on April 12, 2021

*School took place through remote (on-line) learning.

result to the Z-score, multiplying by 10 and adding 50
(quantile normalization) [6].

Descriptive statistics were obtained by calculating aver-
ages and standard deviations as all variables were normally
distributed. Differences between generations were tested by
repeated measures ANOVA. The effect size was calculated
in the analysis of variance using the eta squared parameter
(#). The difference between the 2 generations in 8th grade
was calculated as an adjusted difference that included the
baseline scores in 6th grade as a covariate (analysis of covari-
ance). The difference between the generations was also
expressed in a standardized form by standardizing the calcu-
lated adjusted difference between the generations to the
overall standard deviation (Cohen’s d). Calculated differ-
ences in results from 8™ and 6™ grade were used compared
in four groups of children (prepandemic and pandemic
urban and rural group) using a test of variance between
these four different groups. IBM SPSS Statistics 22 and 27
(IBM corp., NY, USA) were used for the analyses. The limit
of statistical significance was always p < 0.050.

3. Results

3.1. Sample Description. The study included 1609 male and
female students, 756 of whom belonged to the prepandemic
generation, attending 6th grade of elementary school in
2016/2017. The pandemic generation in our sample includes
853 children who entered 6th grade in the 2018/2019 school
year and were then exposed to SARS-CoV-2 virus contain-

ment measures in 7th and 8th grade. Baseline demographic
and anthropometric data for the included children are
shown in Table 2.

The same children were included in 6th and 8th grade.
Data are given as mean + SD.

3.2. Differences between Prepandemic and Pandemic
Generation. The absolute values of the SLOfit fitness test
results are shown in Table 3. Columns 3 and 4 show the
absolute results for the two generations in 6th and 8th grade,
and the p value in column 5 was calculated using repeated
measures ANOVA for time x group interaction. There was
a statistically significant difference between the two genera-
tions over time at all tests except for the 20 s arm plate tap-
ping. The adjusted mean difference between the generations
in the 8th grade showed similar results—significant differ-
ences with poorer results for pandemic generation at all tests
except for one. The effect size of time x generation differ-
ences, expressed by partial eta squared, was the greatest in
the physical fitness index, 600 m run, polygon course back-
wards, bent arm hang, and 60 m sprint.

Figure 1 shows the magnitude of the standardized differ-
ence in test scores between the prepandemic generation and
the postpandemic generation in eighth grade. Standardized
differences were determined by dividing the adjusted differ-
ence between generations in 8th grade (Table 3, column 6)
by the total standard deviation in each test. The results
allow for comparison across tests. When we compare these
standardized differences, we see that the largest adjusted



4 BioMed Research International
TaBLE 2: Baseline demographic and anthropometric characteristics of the sample.
Grade Generation (N) Age (years) Male sex (%) Height (cm) Weight (kg) BMI (kg/mz)
b d Prepandemic (N = 756) 11.3+0.5 52.5 154.5+7.5 48.6 +12 20.2+3.9
6th grade
8 Pandemic (N = 853) 11.4+0.5 51 154.2+7.8 47.6 +11.8 19.9+39
b d Prepandemic (N =756) 13.3+0.5 52.4 166.4+ 7.8 59.8+13.1 21.6+4
8th grade
8 Pandemic (N = 853) 13.4+0.5 51 166.6 + 8.3 60.3+14.1 21.6+4.3
TaBLE 3: Absolute values of tests, analysis of variance, and difference between generations.
Test Generation 6th grade 8th grade p Difference in 8th grade (95% CI)*  Effect size (%)
Prepandemic  37.8+4.5 42.3+4.8
Tapping (n) 0.619 0.2 (-0.6 to 0.1) 0.001
Pandemic 37.4+4.2 41.7 +4.8
Prepandemic 160.3+24.2 179.9+28.3
Standing long jump (cm) 0.007 2.4 (0.6 to 4.2) 0.005
Pandemic 162.3+23.7 179.4+29.9
Prepandemic 139.8 £42.5 122.8+36.2
Polygon backwards (0.1 s) <0.001 7.2 (3.9 to 10.5) 0.013
Pandemic 134.3+40.0 126.4+46.1
Prepandemic  42.9+94 46.9+9.9
Sit-ups () 0.001 1.5 (0.7 to 2.3) 0.01
Pandemic 42.5+99 45.1+£10.5
Prepandemic 44.3+84  47.2+29.1
Stand and reach (cm) 0.030 1.9 (-0.1 to 3.9) 0.002
Pandemic 43.8+84  44.1+30.1
Prepandemic 46.8+29.6 47.6+29.7
Bent arm hang (s) 0.006 1.8 (0.01 to 3.7) 0.003
Pandemic 49.1+£29.8 46.9+30.7
. Prepandemic 106.6+11.5 99.3+11.3
60 m sprint (0.1 s)#* 0.001 1.6 (0.7 to 2.5) 0.009
Pandemic 106.6 +11.2 100.9+12.6
Prepandemic 163.1+28.6 157.1+30.7
600 m run (s) <0.001 7.7 (5.0 to 10.4) 0.023
Pandemic 162.7+27.6 164.5+34.8
Prepandemic 50.4+30.5  50.5+29.7
Physical fitness index <0.001 5.7 (3.8 to 7.6) 0.028
Pandemic 51.6+29.6 45.8+30.3

*The adjusted average difference between generations in 8th grade is adjusted according to the baseline in 6th grade. **The result in polygon course

backwards and in the 60 m sprint is measured in tenths of a second.

Abbreviations: ANOVA: Analysis of variance; CI: Confidence interval; 7*: Partial eta squared.

differences are visible in the 600-meter run, the physical fit-
ness index, the polygon course backwards, the sit ups, and
the 60-m sprint. For these tests, we also analyzed the differ-
ences between students from urban and rural areas.

3.3. Differences between Rural and Urban Areas. Students
were divided into four groups according to generation (pre-
pandemic and pandemic) and whether the school was
located in an urban or rural setting. Their demographic
composition and baseline physical characteristics in 8th
grade are shown in Table 4.

BMI: Body mass index.

We can see that the composition by sex and physical
characteristics was very similar between the groups. The dif-
ferences in physical characteristics between groups within
each sex were not statistically significant.

The physical fitness index as a composite measure of
physical fitness shows the largest decrement in rural areas

(Figure 2). Stars in Figure 2 designate the significant
intragroup differences. The differences between the groups in
Figure 2 are statistically significant (p <0.001). The urban
pandemic group is significantly different from the urban pre-
pandemic group and the rural pandemic group (p < 0.050).
The rural pandemic group is significantly different from all
other groups (p < 0.001 for the comparison with the prepan-
demic groups and p<0.050 for the comparison with the
urban pandemic group).

The urban pandemic group showed the largest deficit in
600 m run with 8™ grade results actually being worse than in
the 6™ grade (Figure 3). In other tests, rural pandemic group
was inferior. Differences between the groups for 600 m run
in Figure 3 are statistically significant (p < 0.001), all differ-
ences between urban pandemic and other groups are also
significant (p < 0.001). The differences between rural pan-
demic and prepandemic groups are not significant. Stars
designate the significant intragroup differences.
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Standardized difference between generations

0.25 —

0.23
0.20 — 0.19
0.17
0.15 0.15
7 0.13
0.10 0.08
0.07 0.06
0.05
0.05
0.00 T T T T T T T T 1
600 mrun  Physical Polygon Situps 60 msprint Standing  Bentarm  Standand  Tapping
fitness course long jump hang reach
index backwards
FIGURE 1: Standardized difference between the generations in 8" grade.
TaBLE 4: Demographic composition of 4 groups of students and body composition in 8th grade.
Generation ~ Municipality (N) Male/female N (%) Height (cm, male/female) Weight (kg, male/female) BMI (kg/mz, male/female)
. Urban (381) 200 (53.5)/181 (47.5) 168/164 61/58 21.4/21.5
Prepandemic
Rural (375) 197 (52.5)/178 (47.5) 167/164 61/59 21.5/21.8
Pandem Urban (430) 229 (53.3)/201 (46.7) 169/164 62/59 21.5/21.7
andemic
Rural (423) 206 (48.7)/217 (51.3) 169/163 61/58 21.7/21.5

Physical fitness differences between 6th and 8th grade

Urban pre-epidemic
2 -
14

0.87

Rural pre-epidemic

Urban epidemic Rural epidemic

-1
-2 -
-3 4
4
-5
-6
7
8
—9 -

-0.67

-3.8

-7.7

*

FIGURE 2: Physical fitness index changes (average) in the four groups.

4. Discussion

Our results show a large and statistically significant impact
of the COVID-19 pandemic on the motor development of
schoolchildren. When we look at the differences in motor
development between the prepandemic generation and the
pandemic generation, we find that the pandemic generation

had statistically significant lower progress in motor abilities
as measured in all fitness tests except for the 20 second arm
plate tapping. The effects of the pandemic were the greatest
in the 600-meter run, polygon course backward, sit ups,
and the 60-meter sprint. The greatest negative effects were
seen in the endurance (600-meter run) and skill-related
motor tests (60-meter sprint, polygon course backwards),
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600 m run result differences

Urban pre-epidemic ~ Rural pre-epidemic

Urban epidemic

*

5.74

Rural epidemic

-5.62

*

-6.4

*

-1.97

FIGURE 3: Average difference between the 8™ and 6™ grade 600 m run time (in seconds).

and upper-body muscle fitness (60second sit-ups). As a
result, there was also a large effect on the physical fitness
index, which is a composite measure of physical fitness.
Based on these results, we can confirm the first hypothesis
and conclude that the measured age progress in physical fit-
ness of children exposed to pandemic measures is statistically
significantly lower than the progress of children of the same
age in the generation before the pandemic.

We could not confirm the second hypothesis that the
progress of children from urban, densely populated areas
in terms of physical performance would be statistically sig-
nificantly lower than the progress of children from rural,
sparsely populated areas. Conversely, the physical fitness
index deteriorated more in the rural pandemic group than
in the urban pandemic group, which is the opposite of what
we expected. The only fitness test in which children from the
urban pandemic group performed largely worse than the
others was the 600-meter run, in which scores actually dete-
riorated significantly between 6th and 8th grade, and the
expected progress with age did not occur at all. This con-
firms the significant effect of the difference in access to the
external environment between the urban and rural environ-
ments on the maintenance of cardiorespiratory endurance,
which was the basis for our second hypothesis. However,
the greater decline in the overall index of physical fitness
in the rural group of children suggests that overall physical
incentives declined more in rural areas than in urban areas
at the time of the pandemic.

Comparing our results with recent reports by other
investigators, we note that both French [13] and Austrian
authors [14] found a decline in fitness in schoolchildren
after the first pandemic wave. To our knowledge, our study
is the first to report the effects of pandemic over the pro-
longed duration of three waves and to include a (historical)
control group. Chambonniere et al. measured 106 3rd- and
4th-grade elementary school children (aged 9 and 10 years)
in February 2020 and 100 additional children at the same
grade level in January 2021. They described significant dete-

riorations in cardiorespiratory endurance, standing long
jump, ball throw, and cognitive function [13]. In contrast
to our study, they compared the results of different children
without a control group. However, Jarnig et al. reported a
significant decrease in distance in a 6-minute running test
in 764 Austrian children aged 7-10 years and a significant
increase in the proportion of overweight and obese children
[14]. This study also had no control group. In contrast to the
Austrian researchers, we found no significant differences in
body mass index between eighth graders from the prepan-
demic and pandemic generations.

Limitations of our study include the possibility of bias in
the selection of schools in the municipalities, since we
followed the principle of even geographical representation
in selecting municipalities at the high and low ends of the
settlement density scale and did not select them randomly.
Another limitation is not including the schools from munic-
ipalities with a medium settlement density in the Republic of
Slovenia. Sensitivity analysis should also be performed with
a separate analysis of the results by gender.

5. Conclusions

In our study, we showed that COVID-19 pandemic signifi-
cantly affected the motor development of schoolchildren
with major deficits in domains of cardiorespiratory endur-
ance (600 m run), skill-related fitness (polygon course back-
wards, 60-m run), and core strength (sit-ups). In general, the
effects of the pandemic were larger in rural areas. Our
research will help physical education teachers and coaches
in sports clubs to plan physical activity programs for chil-
dren. Given the characteristic negative changes in children’s
motor development, our results justify the need to closely
monitor the development of the pandemic generation and
take systematic corrective measures. First and obvious cor-
rective measure would be to increase the number of physical
education hours for the pandemic-affected generation of
children.
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