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Patrik Drid
Effects of Participating in Martial Arts in Children: A Systematic Review
Reprinted from: Children 2022, 9, 1203, doi:10.3390/children9081203 . . . . . . . . . . . . . . . . . 175

Andreea Maria Ros, ca, Ligia Rusu, Mihnea Ion Marin, Virgil Ene Voiculescu and Carmen Ene
Voiculescu
Physical Activity Design for Balance Rehabilitation in Children with Autism Spectrum Disorder
Reprinted from: Children 2022, 9, 1152, doi:10.3390/children9081152 . . . . . . . . . . . . . . . . . 187

Ming Li, Xiaojian Yin, Yuqiang Li, Yi Sun, Ting Zhang and Feng Zhang et al.
Associations between Sedentary Time and Sedentary Patterns and Cardiorespiratory Fitness in
Chinese Children and Adolescents
Reprinted from: Children 2022, 9, 1140, doi:10.3390/children9081140 . . . . . . . . . . . . . . . . . 203

Einat Yanovich and Salit Bar-Shalom
Static and Dynamic Balance Indices among Kindergarten Children: A Short-Term Intervention
Program during COVID-19 Lockdowns
Reprinted from: Children 2022, 9, 939, doi:10.3390/children9070939 . . . . . . . . . . . . . . . . . 215

Bilel Aydi, Okba Selmi, Mohamed A. Souissi, Hajer Sahli, Ghazi Rekik and Zachary J.
Crowley-McHattan et al.
The Effects of Verbal Encouragement during a Soccer Dribbling Circuit on Physical and
Psychophysiological Responses: An Exploratory Study in a Physical Education Setting
Reprinted from: Children 2022, 9, 907, doi:10.3390/children9060907 . . . . . . . . . . . . . . . . . 225
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Body Image Perception in High School Students: The
Relationship with Gender, Weight Status, and Physical Activity
Stefania Toselli 1 , Luciana Zaccagni 2 , Natascia Rinaldo 2 , Mario Mauro 1,* , Alessia Grigoletto 3,* ,
Pasqualino Maietta Latessa 1 and Sofia Marini 1

1 Department for Life Quality Studies, University of Bologna, 47921 Rimini, Italy
2 Department of Neuroscience and Rehabilitation, Faculty of Medicine, Pharmacy and Prevention,

University of Ferrara, 44121 Ferrara, Italy
3 Department of Biomedical and Neuromotor Sciences, University of Bologna, 40126 Bologna, Italy
* Correspondence: mario.mauro4@unibo.it (M.M.); alessia.grigoletto2@unibo.it (A.G.)

Abstract: Body image perception includes body size assessment, body desirability estimation, and
perceptions concerning one’s own body shape and size. Adolescence is a period of intense and
prompt physical transformation, which changes the perception of one’s body. This represents a
critical period for the development of body image. Therefore, the present cross-sectional study
aimed to evaluate body image perception and investigate the relationships between it, weight status,
sex, and physical activity in a sample of high school students living in Italy. General demographic
information and details about physical activity were collected. Body image perception was measured
with a body silhouette and two indexes were calculated: the FID (Feel minus Ideal Discrepancy)
to evaluate the discrepancy between the perceived current figure and the ideal figure; and the FAI
(Feel weight status minus Actual weight status Inconsistency) to observe improper perception of
weight status. In addition, body shape concerns were evaluated with the Body Shape Questionnaire
(BSQ), in which participants reported the frequency of experiencing negative thoughts about their
body shape in the last four weeks. Two hundred and four students were included in the study
(155 = female, mean age = 17.13 ± 1.70; 49 = male, mean age = 17.25 ± 1.69). Females felt more
concerned about body shape than males (χ2 = 11.347, p = 0.001). Distinctions emerged in terms of
body mass index, the scores of Feel minus Ideal Discrepancy (FID), Feel weight status minus Actual
weight status Inconsistency (FAI), the Body Shape Questionnaire (BSQ), and of the silhouette mean
comparisons due to sex, weight status, and PA interaction effects (p < 0.001). Additionally, 94% of
the BSQ variability could be explained by sex, weight status, and PA. Although no direct effects
were observed on body image perception, healthy habit promotion, such as physical activity, could
positively affect adolescent lives.

Keywords: body image; self-perception; physical activity; body shape questionnaire

1. Introduction

Body image is a multidimensional construct, which therefore encompasses perceptual,
cognitive, and affective elements concerning one’s own body and the bodies of others [1–3].
Body image perception includes body size assessment (how a person perceives his or her
body), body attractiveness estimation (what is the type of body that a person considers
most attractive), and perceptions related to one’s own body shape and size [4]. Thus,
interactions among physiological, cognitive, and sociocultural factors contribute to body
image development [5]. During life, people are subjected to physical and psychological
changes that affect the perception of their image. Thus, body image is not a static concept
but rather a dynamic characteristic influenced by the perceptions of the individual about
him- or herself [6]. Adolescence represents a period of intense and prompt physical changes
and it therefore also changes the perception of one’s body characteristics, and it can be a
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critical time for the development of body image [2,6–8]. Acceptance of and adaptation to
these changes are essential for adolescents’ feelings about their body image [9]. However,
these transformations can represent a risk factor in adolescents’ body image perception [6],
thereby causing a distorted image of one’s body. Moreover, distorted perception of one’s
body image can result from inaccurate evaluations of one’s body, undesirable effects
regarding one’s body, miscognition of body-related stimuli, and specific body-related
behaviours such as checking of body weight or avoidance of the consideration of body [10].
Worse still, it can result in unhealthy behaviours and adverse psychological outcomes such
as an unhealthy diet, low self-esteem, and psychological disturbances [1,11,12].

There are several factors that influence the risk of body image disturbance during
adolescence. The body image perception of adolescents has been reported to be asso-
ciated with bio-social factors such as sex, age, socioeconomic status, and opportunities
for health education [13,14]; environmental factors such as media exposure, peers, and
school [1,14–17]; and behavioural factors such as weight control behaviour, physical activity,
sexual behaviour, and eating patterns [11,18,19].

Regarding biological factors, the influence of sex on body image is well-known; body
image dissatisfaction is more frequent among girls, but it is also present in thin boys [20,21].

Behavioural factors play a fundamental role, as they can be modified. Adolescents
are responsive to the acquisition of habits and routines that are often influenced by their
environment, which can be significant for their future life and of great importance in
promoting healthy lifestyles during this time [22]. Among these lifestyle factors, proper
nutrition and regular physical activity are of particular importance. Unfortunately, the data
in the literature suggest a decline of optimal eating patterns and a decrease in physical
activity in adolescents, who frequently assume sedentary behaviour [23].

Furthermore, adolescents are influenced by markets and advertising, which contribute
to making their diet unbalanced and excessively caloric; rich in refined fats and sugars;
poor in fruit, vegetables, legumes, and fish; and in many cases omitting breakfast [23]. Thus,
in 2018, an international study conducted by the WHO found that one in five adolescent
(21%) respondents was overweight or obese [24]. In Italy, in 11–15-year-old adolescents,
the prevalence of overweight was 16.6% and obesity was 3.2%; excess weight decreased
slightly with age and was greater in males (HBSC 2018: https://www.epicentro.iss.it/
hbsc/indagine-2018, accessed on 22 February 2022). Distorted perception of weight status
is quite prevalent in adolescents [25,26]. High-school-aged students tend to overrate height
and underreport weight, thereby decreasing the prevalence of overweight and obesity
estimates with lower average self-reported BMI [27]. Proper perception of weight is the key
to determining the nutritional habits and weight management of adolescents. Indeed, it
has been demonstrated that many overweight students are unlikely to participate in weight
control practices [26,28–31].

As reported above, sports participation and physical activity (PA) can affect body
image in adolescents [32–35]. In general, female and male adolescents who play sports
present a lower body dissatisfaction; this can be connected to the role of sports participation
in contributing to lower adiposity levels and, consequently, to lower body dissatisfaction
in the adolescent population [36–38]. However, the associations between body image and
sports participation in adolescents are not consistent, especially according to sex. Tebar
et al. [39] reported that sports participation was associated with low body dissatisfaction in
boys but not in girls. In sports contexts, females and males are not encouraged in the same
way due to sex-stereotyped beliefs [40]. This appears in sex disparities in sports participa-
tion: in Italy, scant physical activity was higher among females and older adolescents [41].
Morano et al. [40] reported that 41% of girls and 59% of boys 11–19 years old practice sports.
Despite the large importance of sports participation, the sport experience of adolescents
has not been widely investigated, and the studies on body image concerns in adolescents
involved in sports are rare and inconclusive.

Given this information, the main goal of the present study was to evaluate body image
perception and to explore the relationships among it, weight status, sex, and physical
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activity in a sample of high school students living in Italy. Our hypothesis was that there
would be a significant interaction effect between weight status, sex, and physical activity
on body image perception in the sample. Specifically, we assumed that overweight/obese
adolescents with a lower level of reported physical activity would have the lowest body
perception and that these effects would be especially evident in females.

2. Materials and Methods

A cross-sectional study design was chosen, and data were collected and analysed in
a sample of 204 adolescents attending secondary school in Piemonte (northern Italy). All
adolescents attending the school could answer the questionnaires. The inclusion criteria
were attending the school, completing all the parts of the questionnaires, having parental
written consent, and agreeing to participate. The exclusion criteria were not having parental
written consent and not completing all the parts of the questionnaires. So, we analysed only
the fully completed questionnaires. The study was approved by the Bioethics Committee
of the University of Bologna (approval no. 25027).

2.1. Outcome Assessment

General information about demographic variables (e.g., sex and age) and physical
activity participation, both structured sport (e.g., volleyball with a team and coach) and
independent physical activity (e.g., walking, yoga, etc.), was collected by an ad hoc ques-
tionnaire that was created for this purpose. The sports participation frequency of each
subject was determined by the number of days per week of physical activity during a typi-
cal week as declared by the subject. Concerning anthropometric evaluation, participants’
self-reported height and weight were converted to meters and kilograms to calculate body
mass index (BMI).

2.2. Body Image Perception

The perception of body image was evaluated using the validated Body Silhouette
Chart [42,43]. Nine male or female silhouettes, ordered in morphology from emaciation to
obesity, were shown to the students, who were asked to select the one which they most
desired (ideal figure) as well as the silhouette which they believed was most similar to their
own (perceived current figure) [42]. The silhouette series was divided into underweight,
normal weight, overweight, and obese [42]. The discrepancy between the perceived current
figure and the ideal figure represented the degree of body image dissatisfaction (FID or
Feel minus Ideal Discrepancy) [44]. By subtracting the number of the figure selected by
the students as the ideal figure from the one selected as their perceived current figure, it
was possible to calculate the FID index. A negative FID score indicates that the perceived
current figure was thinner than the ideal figure, and a positive score indicates that the
perceived current figure was bigger than the ideal figure. An FID score of 0 indicates that
the student has chosen the same figure as perceived current and perceived ideal, showing
no discrepancy.

The FAI (Feel weight status minus Actual weight status Inconsistency) index was
used to evaluated the improper perception of weight status [45]. FAI inconsistency was
calculated by subtracting the conventional code assigned to the real weight status of the
participant from the code of her or his perceived weight status, which assigns a specific
weight status category to each silhouette. The conventional code of real weight status of the
participant and the perceived weight were classified according to the BMI assessed by Cole
cut-off values by sex and age [46,47] (1 = underweight; 2 = normal weight; 3 = overweight;
and 4 = obese). Instead, the classification recommended by Sànchez-Villegas was used
for the silhouettes obtained [42]. In this classification method, silhouettes one, two, and
three correspond to underweight (=1), silhouettes four and five correspond to normal
weight (=2), silhouettes six and seven correspond to overweight (=3), and silhouettes eight
and nine correspond to obesity (=4). A positive FAI score indicates that weight status is

3
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overestimated, a negative score indicates that weight status is underestimated, and a score
of zero indicates no inconsistency in weight status perception.

2.3. Body Shape Concerns

Body shape concerns were assessed with a 14-item version [48] of the Body Shape
Questionnaire (BSQ) [49], which was validated in Italian by [50]. The BSQ utilizes a
six-point Likert scale ranging from one to six (one = never, six = always) to assess how
frequently in the past four weeks a participant reported experiencing negative thoughts or
feelings about their body shape (e.g., “Have you felt ashamed of your body?”). In addition,
the questionnaire investigated if they had tried to control or lose weight with the same
six-point Likert scale. Scores from all items are added to get a total score. Higher scores
reflected greater body shape concerns. The total score was calculated on the sum of all
the values was multiplied by 34/14 and subsequently related to the specific thresholds
that refer to the complete form of the questionnaire: a score below 80 indicated “no
concern”, a score between 80 and 110 indicated a “slight concern”, a score between 111 and
140 indicated a “moderate concern”, and a score above 140 indicated a “marked concern”.

2.4. Statistical Analysis

The statistical analysis was performed with STATA® software, version 17 (Publisher:
StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX, USA, StataCorp
LP). Descriptive statistics were calculated and reported such as mean ± standard deviation
(SD) for quantitative variables (age, height, weight, BMI, silhouette think to look, silhouette
want to be, FID, FAI, and BSQ) and frequency (number of observations) and percentage
(%) for qualitative variables (weight status, weight control, body shape concern, and trying
to lose weight). The chi-squared test (χ2) was used to assess discrepancies in frequencies
among categorial and binomial variables. The Shapiro–Wilk test was performed to check
the variables’ normal distribution. Due to the presence of predictors with different data
levels, an analysis of covariances and the interaction effect between sex, weight status, and
physical activity frequency were tested. A stepwise procedure with backward selection was
carried out to perform the multiple regression analysis and to assess possible predictors of
FID, FAI, and BSQ. Stepwise estimation included only predictors with a significance level
for removal from the model of at most p < 0.05.

3. Results

A total of 204 students, consisting of 155 females (mean age = 17.13 ± 1.70) and
49 males (mean age = 17.25 ± 1.69), were included in the final analysis (Figure 1). Con-
sidering weight status, normal weight was the most represented category in both females
and males.

Table 1 shows no statistically significant differences in frequencies between sexes
except for body shape concern, which displayed more trouble in females. Additionally,
male adolescents were less worried about weight loss.

Table 2 shows the mean comparisons and effects of the interaction between sex, weight
status, and frequencies of PA. Sex differences were significant only for the desired figure and
body shape questionnaire, while all variables related to body perception were influenced
by weight status. In the underweight category, FID and FAI scores showed negative
discrepancies, indicating a misperception tending to underestimation. Regarding effects
of PA frequency, it did not show significant outcomes. However, interaction effects of sex,
weight status, and PA frequency were relevant for every variable.

To assess possible predictors of body image dissatisfaction (assessed by FID score),
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed
by BSQ score), three backward multiple regressions were performed. Table 3 shows the
predictive model results. Regarding FID, weight and all the categories of PA frequency
were positive predictors, whereas the conditions of being younger, male, and having tried
to lose weight sometimes, were found to be associated with better body image satisfaction.

4
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Although the whole model explained 60% of the FID variance, adolescent weight seemed
to be the most influential variable (η2 = 0.417).

Figure 1. Sample flowchart.

Table 1. Frequencies of weight status, body shape concern, weight control and trying to lose weight
by sex.

Sex [n (%)] Statistics

F = 155 (75.98) M = 49 (24.02) χ2 p

Weight Status 2.945 0.400
Underweight 14 (9.03) 4 (8.16)

Normal weight 97 (62.58) 26 (53.06)
Overweight 33 (21.29) 12 (24.49)

Obese 11 (7.10) 7 (14.29)
Body shape concern

(BSQ) 11.347 0.010

No 56 (36.13) 26 (53.06)
Some 41 (26.45) 17 (34.69)

Moderate 29 (18.71) 4 (8.16)
Marked 29 (18.71) 2 (4.08)

Weight control 1.083 0.298
No 36 (23.23) 15 (30.61)
Yes 119 (76.77) 34 (69.39)

Tried to lose weight 4.293 0.231
Never 42 (27.1) 16 (33.33)

Sometimes 54 (34.84) 21 (43.75)
Often 45 (29.03) 7 (8.33)

Always 14 (9.03) 4 (8.33)
Note: F, female; M, male; χ2, chi-squared test; p, p-value; %, percentage; N, number of observations.

5
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Table 2. Mean comparisons and interaction effects between sex, weight status, and physical
activity frequency.

Variable Sex Weight Status Physical Activity Frequency Interaction Effect

Male Female Stats Under Normal Over Obese Stats ≤1
d·w−1

2–3
d·w−1

4–5
d·w−1

>5
d·w−1 Stats Sex # WS # PA

Frequencies

Mean
(±SD)

Mean
(±SD) F(1, 202) p Mean

(±SD)
Mean
(±SD)

Mean
(±SD)

Mean
(±SD) F(3, 200) p Mean

(±SD)
Mean
(±SD)

Mean
(±SD)

Mean
(±SD) F(3, 200) p F(25, 178) p adj-

R2 η2

Age 17.25
(1.69)

17.13
(1.70) 0.18 0.67 17.85

(1.52)
16.99
(1.74)

17.48
(1.56)

16.83
(1.62) 2.20 0.09 17.14

(1.67)
17.04
(1.72)

17.76
(1.82)

17.28
(1.72) 0.51 0.67 1.17 .27 0.02 0.14

Height 174.96
(7.59)

163.57
(6.72) 100.16
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

48.44
(3.78)

57.78
(8.00)

74.99
(10.8)

87.56
(13.79) 0.80 0.49 165.59

(8.17)
166.03
(8.88)

167.67
(9.86)

169.58
(7.94) 1.67 0.18 4.71
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.31 0.40

Weight 73.00
(16.86)

60.34
(11.75) 34.56
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

166.5
(6.69)

165.62
(8.26)

167.6
(9.43)

167.82
(9.11) 99.34
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

63.20
(14.52)

62.10
(14.30)

67.62
(13.36)

65.53
(12.96) 0.63 0.60 18.41
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 
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Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.68 0.72

BMI 23.75
(4.82)

22.52
(3.95) 3.23 0.07 17.46

(0.70)
20.99
(1.79)

26.58
(1.85)

31.71
(2.58) 293.07
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Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

22.96
(4.29)

22.36
(4.03)

24.12
(4.79)

22.75
(4.09) 0.56 0.64 37.92
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effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
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17.04 
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17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.82 0.84

STL 4.27
(1.66)

4.06
(1.55) 0.64 0.42 2.50

(0.86)
3.50

(1.08)
5.78
(1.01)

6.17
(1.50) 73.98
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

4.17
(1.63)

4.10
(1.52)

4.22
(1.56)

3.81
(1.50) 0.39 0.76 9.34
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.51 0.57

SWB 3.51
(1.02)

2.97
(1.01) 10.38 § 2.72

(0.75)
2.89

(1.01)
3.64
(0.96)

3.61
(0.98) 9.08
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

3.17
(1.03)

3.14
(1.10)

3.11
(0.78)

2.73
(0.96) 1.30 0.28 2.30
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
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 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.14 0.24

FID 0.76
(1.56)

1.08
(1.41) 1.92 0.17 −0.22

(0.73)
0.62

(1.28)
1.93
(0.91)

2.56
(1.76) 28.41
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 
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(±SD) 
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(±SD) 
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F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

1.00
(1.41)

0.97
(1.61)

1.11
(1.54)

1.08
(1.29) 0.05 0.99 4.02
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
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F (25, 
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Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.27 0.36

FAI 0.14
(0.50)

0.14
(0.51) 0.01 0.93 −0.50

(0.51)
0.12

(0.42)
0.38
(0.49)

0.28
(0.57) 16.40
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
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Height 
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ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 
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ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.14
(0.55)

0.12
(0.42)

0.11
(0.33)

0.15
(0.54) 0.04 0.99 2.49
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
d·w−1 

4–5 
d·w−1 

>5 
d·w−1 

Stats Sex # WS # PA 
Frequencies 

 Mean 
(±SD) 

Mean 
(±SD) 

F (1, 

202) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

Mean 
(±SD) 

F (3, 

200) 
p 

F (25, 

178) 
p 

adj-
R2 

η2 

Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

0.16 0.26

BSQ 82.17
(27.78)

101.03
(34.55) 12.10
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ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 
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p 
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(±SD) 
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p 
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(±SD) 
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F (3, 
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p 

F (25, 

178) 
p 
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R2 
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Age 
17.25 
(1.69) 

17.13 
(1.70) 

0.18 0.67 
17.85 
(1.52) 

16.99 
(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

71.37
(11.24)

89.13
(29.52)

112.2
(35.20)

132.76
(32.86) 19.42
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figure and body shape questionnaire, while all variables related to body perception were 
influenced by weight status. In the underweight category, FID and FAI scores showed 
negative discrepancies, indicating a misperception tending to underestimation. Regard-
ing effects of PA frequency, it did not show significant outcomes. However, interaction 
effects of sex, weight status, and PA frequency were relevant for every variable. 

Table 2. Mean comparisons and interaction effects between sex, weight status, and physical activity 
frequency. 

Variable Sex  Weight Status Physical Activity Frequency Interaction Effect 

 Male Female Stats Under Normal Over Obese Stats ≤1 d·w−1 2–3 
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(1.70) 
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(1.52) 
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(1.74) 

17.48 
(1.56) 

16.83 
(1.62) 

2.20 0.09 
17.14 
(1.67) 

17.04 
(1.72) 

17.76 
(1.82) 

17.28 
(1.72) 

0.51 0.67 1.17 .27 0.02 0.14 

Height 
174.96 
(7.59) 

163.57 
(6.72) 

100.1
6 

ƚ 48.44 
(3.78) 

57.78 
(8.00) 

74.99 
(10.8) 

87.56 
(13.79) 

0.80 0.49 
165.59 
(8.17) 

166.03 
(8.88) 

167.67 
(9.86) 

169.58 
(7.94) 

1.67 0.18 4.71 ƚ 0.31 0.40 

Weight 
73.00 

(16.86) 
60.34 

(11.75) 
34.56 ƚ 166.5 

(6.69) 
165.62 
(8.26) 

167.6 
(9.43) 

167.82 
(9.11) 

99.34 ƚ 63.20 
(14.52) 

62.10 
(14.30) 

67.62 
(13.36) 

65.53 
(12.96) 

0.63 0.60 18.41 ƚ 0.68 0.72 

BMI 
23.75 
(4.82) 

22.52 
(3.95) 

3.23 0.07 
17.46 
(0.70) 

20.99 
(1.79) 

26.58 
(1.85) 

31.71 
(2.58) 

293.0
7 

ƚ 22.96 
(4.29) 

22.36 
(4.03) 

24.12 
(4.79) 

22.75 
(4.09) 

0.56 0.64 37.92 ƚ 0.82 0.84 

STL 
4.27 

(1.66) 
4.06 

(1.55) 
0.64 0.42 

2.50 
(0.86) 

3.50 
(1.08) 

5.78 
(1.01) 

6.17 
(1.50) 

73.98 ƚ 4.17 (1.63) 
4.10 

(1.52) 
4.22 

(1.56) 
3.81 

(1.50) 
0.39 0.76 9.34 ƚ 0.51 0.57 

SWB 
3.51 

(1.02) 
2.97 

(1.01) 
10.38 § 

2.72 
(0.75) 

2.89 
(1.01) 

3.64 
(0.96) 

3.61 
(0.98) 

9.08 ƚ 3.17 (1.03) 
3.14 

(1.10) 
3.11 

(0.78) 
2.73 

(0.96) 
1.30 0.28 2.30 ƚ 0.14 0.24 

FID 
0.76 

(1.56) 
1.08 

(1.41) 
1.92 0.17 

−0.22 
(0.73) 

0.62 
(1.28) 

1.93 
(0.91) 

2.56 
(1.76) 

28.41 ƚ 1.00 (1.41) 
0.97 

(1.61) 
1.11 

(1.54) 
1.08 

(1.29) 
0.05 0.99 4.02 ƚ 0.27 0.36 

FAI 
0.14 

(0.50) 
0.14 

(0.51) 
0.01 0.93 

−0.50 
(0.51) 

0.12 
(0.42) 

0.38 
(0.49) 

0.28 
(0.57) 

16.40 ƚ 0.14 (0.55) 
0.12 

(0.42) 
0.11 

(0.33) 
0.15 

(0.54) 
0.04 0.99 2.49 ƚ 0.16 0.26 

BSQ 82.17 
(27.78) 

101.03 
(34.55) 

12.10 ƚ 71.37 
(11.24) 

89.13 
(29.52) 

112.2 
(35.20) 

132.76 
(32.86) 

19.42 ƚ 99.05 
(35.84) 

95.17 
(31.17) 

84.73 
(29.53) 

92.66 
(33.49) 

0.71 0.55 3.54 ƚ 0.24 0.33 

Note: BMI, body mass index; STL, silhouette think to look; SWB, silhouette want to be; FID, Feel 
minus Ideal Discrepancy; FAI, Feel weight status minus Actual weight status Inconsistency; BSQ, 
Body Shape Questionnaire; SD, standard deviation; WS, weight status; PA, physical activity; F, sta-
tistic test of Snedecor–Fisher; d, days; w, week; p, p-value; adj-R2, adjusted R-squared; η2, eta-
squared effect size; #, interaction; §, p < 0.01; ƚ, p < 0.001. 

To assess possible predictors of body image dissatisfaction (assessed by FID score), 
inconsistency of weight status (assessed by FAI score), and body shape concern (assessed 
by BSQ score), three backward multiple regressions were performed. Table 3 shows the 
predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
to lose weight sometimes, were found to be associated with better body image satisfaction. 
Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

99.05
(35.84)

95.17
(31.17)

84.73
(29.53)

92.66
(33.49) 0.71 0.55 3.54
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predictive model results. Regarding FID, weight and all the categories of PA frequency 
were positive predictors, whereas the conditions of being younger, male, and having tried 
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Although the whole model explained 60% of the FID variance, adolescent weight seemed 
to be the most influential variable (η2 = 0.417). 

Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results. 

FID (N = 202)      

Source SS df MS F (9, 193) p adj-R2 
Model 388.62 9 43.18 35.26 <0.001 0.604 

Residual 236.39 193 1.22    

Total 625 202 3.09    

Variable β SE t p η2 
Height −0.633 0.013 −4.89 <0.001 0.11 
Weight 0.795 0.007 11.75 <0.001 0.417 

Age −0.12 0.047 −2.58 0.01 0.033 
PA frequency     0.092 

≤1 d·w−1 0.878 0.208 4.22 <0.001  

, p < 0.001.

Concerning FAI, being underweight, normal weight, and never trying to lose weight
appeared as negative predictors of weight status estimation. Contrarily, body weight
overestimation was associated with all the categories of PA frequency. The model explained
24% of the variance and had a highly significant R2. Being male and not obese was
significantly associated with a lower score of body shape concern. The BSQ score increased
as body image dissatisfaction and PA frequency increased. The model explained 94% of the
variance.

Finally, Figures 2–4 shows the linear prediction of the BSQ influenced by PA frequency
categories and the weight status (A), PA frequency categories, FID values (B), and PA
frequency categories and sex (C). Lower BSQ values corresponded to 4–5 days per week of
PA in each plot except for overweight subjects (Figures 2–4, green line).

Figure 2. Linear prediction of BSQ by Weight Status for four Physical Activities frequencies.
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Table 3. Predictors of FID, FAI, and BSQ: multiple regression analysis results.

FID (N = 202)

Source SS df MS F (9, 193) p adj-R2

Model 388.62 9 43.18 35.26 <0.001 0.604
Residual 236.39 193 1.22

Total 625 202 3.09
Variable β SE t p η2

Height −0.633 0.013 −4.89 <0.001 0.11
Weight 0.795 0.007 11.75 <0.001 0.417

Age −0.12 0.047 −2.58 0.01 0.033
PA frequency 0.092
≤1 d·w−1 0.878 0.208 4.22 <0.001
2–3 d·w−1 0.887 0.208 4.26 <0.001
4–5 d·w−1 0.911 0.208 4.38 <0.001
>5 d·w−1 0.893 0.213 4.2 <0.001
Sex (male) −0.619 0.231 −2.68 <0.01 0.036

TLW (sometimes) −0.315 0.166 −1.91 0.05 0.019
FAI (N = 203)

Source SS df MS F (7, 196) p adj-R2

Model 15.17 7 2.17 10.4 <0.001 0.24
Residual 40.83 196 0.21

Total 53 203 0.28
Variable β SE t p η2

Weight Status 0.202
Underweight −0.858 0.122 −7.01 <0.001

Normal weight −0.239 0.072 −3.34 0.001
PA frequency 0.178
≤1 d·w−1 0.415 0.068 6.13 <0.001
2–3 d·w−1 0.376 0.081 4.63 <0.001
4–5 d·w−1 0.314 0.162 1.93 0.05
>5 d·w−1 0.438 0.108 4.06 <0.001

TLW (never) −0.152 0.071 −2.13 <0.05 0.022
BSQ (N = 202)

Source SS df MS F (9, 193) p adj-R2

Model 1997339 9 221926.56 344.42 <0.001 0.939
Residual 124357.5 193 644.34

Total 2121696.4 202 10503.45
Variable β SE t p η2

Sex (male) −16.159 4.45 −3.63 <0.001 0.064
FID 10.688 1.565 6.83 <0.001 0.194

Weight Status 0.081
Underweight −38.557 10.059 −3.83 <0.001

Normal weight −29.164 7.732 −3.77 <0.001
Overweight −20.033 7.593 −2.64 0.01

PA frequency 0.516
≤1 d·w−1 116.868 8.218 14.22 <0.001
2–3 d·w−1 115.445 8.752 13.19 <0.001
4–5 d·w−1 108.536 12.186 8.91 <0.001
>5 d·w−1 110.967 9.377 11.83 <0.001

Note: SS, sum of squares; MS, mean of squares; df, degree of freedom; F, Snedecor–Fisher’s statistical test; β,
regression coefficient; SE, standard error; t, student’s statistic test p, p-value; adj-R2, adjusted R2; η2, eta-squared.
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Figure 3. Linear prediction of BSQ by FID for four Physical Activities frequencies.

Figure 4. Linear prediction of BSQ by sex for four Physical Activities frequencies.

4. Discussion

The present study aimed to evaluate body image perception in a sample of high school
students living in Italy and to explore the relationships between it, sex, weight status, and
physical activity.

In the present study, no gender differences were observed in terms of weight status and
weight control. Nonetheless, girls showed higher values of weight concerns. In addition,
this study confirmed the presence of sex differences in body image perception. Admittedly,
the absence of differences in weight status was unexpected since in Italy, a significantly
higher proportion of males were overweight/obese compared with females [51,52]. These
data confirmed that girls in this age range present significant weight concerns, as seen
in similar studies [53–55]. It is noteworthy that even though the present study showed a
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greater prevalence of weight concern among girls, males also reported it. This result is of
particular interest, and it cannot be neglected given the established sex-specific patterns,
such as muscularity-oriented disordered eating [54,56]. Relatedly, a longitudinal study
by Bucchianeri et al. [57] showed that in adolescence, body dissatisfaction increased with
time in both sexes, but the levels of body dissatisfaction were remarkably higher in girls.
Generally, body image dissatisfaction and weight control behaviour are greater issues for
girls compared with males [55]. In our study, FID was higher in females, although it was not
a significant difference between the sexes. Girls were found to be more inclined than boys
to emphasize the aesthetic values of their bodies rather than functional ones. Moreover,
females reported more dissatisfaction with both values than boys [58]. Consistent with
this, even in childhood, girls seemed to be more conscious about how their body weight
affects their appearance compared with boys [59]. The difference between real and ideal
silhouettes with a higher incidence in girls may result in a differential diagnosis of body
dysmorphic disorder, since it is more prevalent in women, beginning at the age of between
15 and 30 years [55]. The beauty standard currently imposed by media that values thinness
reinforces this condition, which may lead to the adoption of restrictive diets regardless
of the real need and may contribute to the occurrence and maintenance of low weight as
well as the compromise of eating habits [60] and the presence of mental disorders [61].
For this purpose, it is noteworthy that even though the weight control outcome did not
show significant differences between sexes, the percentage of individuals who reported
putting attention on weight control is high in both sexes (76.77% in females and 69.39%
in males), although a higher percentage of females declared that they tried to lose weight
often or always compared to males (38.06% vs. 16.66%). Undoubtedly, the role of gender
in body image has been changing; a study by Dzielska et al. [62] targeted adolescents
from 26 countries from 2001/2002 to 2017/2018 and reported that the overall age-adjusted
prevalence rates of weight-reduction behaviours (WRB) were 10.2% among boys and 18.0%
among girls. The prevalence was higher for girls, but in more recent surveys, sex differ-
ences in WRB decreased, and a significant increase in the percentage of WRB among boys
was observed in most countries. Therefore, from the present results of our study, being a
male seems to be still a protective factor. Additionally, being male and having sometimes
tried to lose weight was found to be associated with better body image satisfaction. Like-
wise, being male and not obese was significantly associated with a lower score of body
shape concern.

Regarding the second investigated factor, weight status, overweight and obese stu-
dents showed higher concerns, while no concern and slight concern were observed in
underweight and normal weight subjects. FID was found to be related to a growing dissat-
isfaction with body image or to an increase in weight status. Thus, being underweight is
the only category whose members would desire to be fatter, whereas in the other categories,
the desire to be thinner prevailed. A relationship with weight also emerged from the re-
gression analysis since weight was significantly associated with body image dissatisfaction.
Relatedly, de Pinho et al. [55] reported a significant association between nutritional status
and body image in adolescents; in particular, underweight and overweight adolescents
were dissatisfied with their body image. Admittedly, weight status is associated with
body dissatisfaction, weight concerns, and dietary restraints [63], potentially resulting in
both restrictive and binge-purge disordered eating [64,65]. For this reason, studies regard-
ing body image perception in this age group may be valuable for the early detection of
disorders. Considering FAI, overweight subjects overestimate their weight status more
than normal weight and obese subjects, while a misperception tending to underestimation
is observed in underweight students. In addition, the regression analysis revealed that
being underweight, normal weight, and having never trying to lose weight are negative
predictors, and are thus protective factors, of weight status estimation. The number of
teenagers who perceive themselves as overweight and adopt unhealthy strategies to lose
weight is constantly increasing, as was previously reported by epidemiological surveys
carried out in Italy [66].
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The frequency of PA did not show significant associations with body image perception.
The influence of sport participation and physical activity (PA) on body image in adolescents
is not consistent. In general, adolescents of both sexes who play sports present a lower
body dissatisfaction; however, associations between body image and sports practice in
adolescents are not consistent, especially according to sex [32–39]. Our study showed that
only intense physical activity effected perception [21]. From the results of the regression
analysis, PA was associated with FID, FAI, and BSQ. In particular, all the categories of PA
frequency were significantly associated with body image dissatisfaction and with body
weight overestimation. Similarly, being physically active seemed to be associated with
body shape concerns. Arguably, this is related to wider body awareness, which might
contribute to generating more concern about body shape.

From the results of the present study, sex and weight status were found to be the
prevailing factors influencing body image perception, while physical activity seemed to
have a less decisive influence. Therefore, interventions should be directed at factors that
influence the acceptance of their own body and the promotion of a healthy lifestyle. The
sex-specific patterns in body image investigated in the present study underlined the need
to focus on the risk factors for body image misperception and concerns by sex and weight
status categories. Moreover, specific health promotion initiatives taking these aspects into
account should be implemented.

The primary limitation of the study was the cross-sectional nature of the data, which
limited causal inferences. A longitudinal study design during the whole adolescent period
would be valuable to determine the direction of the relationship among the variables
considered. In addition, height and weight were self-reported due to the COVID-19
public health emergency period, and this could have influenced the accuracy of the results.
Information about sociodemographic variables was not collected, so it was not possible
to evaluate the influence of these factors in explaining some of the possible links between
physical activity participation and body perception. The sample size was limited, and
further research with a larger sample is needed to verify the validity of the present results.

5. Conclusions

Although the prevalence of high school students who are of normal weight is high,
many adolescents exhibit an altered body image and body shape perception, especially
in the female sex. The daily practice of physical activity should reduce concerns related
to body shape and facilitate better self-awareness. Despite more evidence being needed,
the promotion of healthy habits such as physical activity could be an optimal strategy to
improve mental wellness in adolescents.
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Abstract: This systematic review analyzed the effects of recreational soccer programs on physical
fitness and health-related outcomes in youth populations. Studies were sought in the following
databases: (i) PubMed, (ii) Scopus, (iii) SPORTDiscus, and (iv) Web of Science. The eligibility
criteria included (1) population: youth (<18 years old) populations with no restrictions on sex or
health condition; (2) intervention: exposure to a recreational soccer training program of at least
four weeks duration; (3) comparator: a passive or active control group not exposed to a recreational
soccer training program; (4) outcomes: physical fitness (e.g., aerobic, strength, speed, and change-of-
direction) or health-related measures (e.g., body composition, blood pressure, heart rate variability,
and biomarkers); (5) study design: a randomized parallel group design. The search was conducted
on 6 September 2022 with no restrictions as to date or language. The risk of bias was assessed using
the PEDro scale for randomized controlled studies. From a pool of 37,235 potentially relevant articles,
17 were eligible for inclusion in this review. Most of the experimental studies revealed the beneficial
effects of recreational soccer for improving aerobic fitness and its benefits in terms of blood pressure
and heart-rate markers. However, body composition was not significantly improved by recreational
soccer. The main results revealed that recreational soccer training programs that are implemented
twice a week could improve the generality of physical fitness parameters and beneficially impact
cardiovascular health and biomarkers. Thus, recreational soccer meets the conditions for being
included in the physical education curriculum as a good strategy for the benefit of the general health
of children and young people.

Keywords: football; sports medicine; physical exercise; physical fitness; physical conditioning;
child; adolescent
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1. Introduction

Youth populations are experiencing rising levels of obesity and declining levels of
physical activity in recent times [1,2]. Moreover, epidemiological studies indicate the rise
of health issues related to inactivity and sedentarism [3]. Consequently, there is growing
concern over the effects of sedentary lifestyles on the health-based parameters of young
people [4] as this sedentary behavior might be related to reduced quality of life and life
expectancy. This issue might be explained by the different cultural and social changes
experienced in recent decades, such as the increase in time spent looking at screens (TVs
and video games, for example) and the development of motorized transport systems, which
reduce the demand for actively physical behaviors in the youth population [5]. Hence, the
World Health Organization strongly recommended in their 2020 physical activity guidelines
for children and adolescents that these populations should be exposed to a minimum of
60 min/day of moderate-to-vigorous intensity physical activity. In the particular case
of vigorous activities, these should be performed at least three times per week, focusing
on vigorous aerobic exercise and strength-related activities that strengthen muscles and
bones [6]. Based on that recommendation, programs focusing on providing youths with
physical activity have recently been proposed and tested. These programs can include
physical education activities, which are usually offered to children during schooltime,
and recreational practices, such as soccer, which are not necessarily related to scholarly
activities. In the current study, we will review the effects of recreational soccer physical
activity programs on the respective pediatric populations’ physical fitness and health.

Studies have shown that the time spent in sedentary activities, defined as low-energy
expenditure during waking hours, accounts for a large proportion of the day, between
roughly 50 and 60% [2]. Physical activity has also been reported to reduce morbidity and
mortality in adolescence [7]. Therefore, exercise—a non-sedentary behavior—might be seen
as a non-pharmacological approach to decreasing the exposure to health risks for sedentary
populations [5]. For example, aerobic training programs improved health parameters, such
as insulin action and plasma lipids, in sedentary people [8]. Therefore, it seems that these
other activities might also benefit other sedentary populations.

Different training programs could be offered to the general population when con-
sidering physical activities on a wider scale. For example, more prolonged-duration
low-intensity aerobic exercises showed positive effects in sedentary subjects [3]. On the
other hand, recreational sports participation—such as soccer practices—might offer higher
motivation and enjoyment [9]. Indeed, a previous systematic review showed that activities
with highlighted social, motivational, and competitive components were as effective and
efficient as continuous running-based programs [10]. Another previous study showed
that running and football-based training programs effectively improved the health-based
parameters of sedentary women. However, training-induced cardiac adaptations appeared
to be more consistent after football training than after running [11]. Furthermore, another
study showed that recreational soccer training programs could also offer an opportunity
to positively impact body composition, in comparison to people performing continuous
running [12]. Hence, sports-based activities should increase adherence and improve upon
the positive effects of physical activity on health parameters.

Previous studies have tested if recreational soccer practice [13,14] can positively im-
pact physical fitness (e.g., aerobic capacity, strength, power, speed, and change of direc-
tion) health-based parameters, such as body composition (e.g., fat mass) and biomarkers
(e.g., insulin) or other markers (e.g., blood pressure and heart rate variability). For ex-
ample, a systematic review showed that recreational soccer increased cardiovascular and
bone health and improved body composition [15]. Another study demonstrated the pos-
itive effects of recreational soccer practice on untrained women’s risk factors for bone
fractures [16]. With regard to pediatric populations, it has been shown that recreational
soccer can reduce risk factors associated with obesity [17] and improve different health
markers [18]. Indeed, in relation to pediatric populations, adherence to physical activity
programs through recreational sports practice seems even more relevant. Soccer is a pop-
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ular sport worldwide and many children support clubs and players regularly. Therefore,
including recreational soccer instead of generic physical activity practices could facilitate
long-term adherence to physical activity and enhance the positive effects of this practice
on health-related parameters in youth. Indeed, a previous study showed that greater
motivation was associated with increased recreational sports participation [19]. However,
to our knowledge, no previous systematic review has examined the effects of recreational
soccer on health-based parameters in pediatric populations, a gap in knowledge that is
addressed by the current study.

The diversity of systematic reviews in recreational soccer is clear from the extant liter-
ature [20–27]. As can be seen from the available systematic reviews, some have focused on
specific outcomes, such as bone health [26,27], fat mass [22], or maximal oxygen uptake [20],
while others summarized the effects on different outcomes [21,23–25]. Additionally, half
of these systematic reviews were exclusively dedicated to adult populations [21,22,26,27],
while the remaining reviews focused on mixed populations, such as children, adolescents,
adults, and older individuals (both healthy and unhealthy), thus making it difficult to
determine a clear overview of the effects on children and youths [20,23–25]. Considering
the relevance of physical exercise for promoting positive physical fitness adaptations in
children and young people, and the opportunities offered by recreational soccer, there is
scope for a systematic review of this population. A systematic review of recreational soc-
cer’s effects on health-related outcomes and the physical fitness of children and untrained
youth populations can facilitate a precise understanding of the methodologies used in
interventions and identify the adaptations induced by such interventions, in comparison to
control groups who are not exposed to the same stimulus. Therefore, this systematic review
aimed to analyze the effects of recreational soccer programs on physical fitness (e.g., aerobic
capacity, strength, power, speed, and change of direction) and health-related markers (e.g.,
body composition, blood pressure, heart rate variability, and biomarkers) in untrained child
and youth populations. This systematic review mainly focuses on comparisons with the
control groups, aiming to understand the real effects of increased activity on health-related
outcomes and physical fitness.

2. Materials and Methods

This systematic review followed the PRISMA 2020 guidelines [28]. The systematic
review protocol was first submitted and then published on the Open Science Framework,
with the registration number 10.17605/OSF.IO/FY4PX on 6 September 2022. The protocol
can be accessed via the web address https://osf.io/nuebg/?view_only=11a89f39e2b34516
a482953db17d2acf (accessed on 5 September 2022).

2.1. Eligibility Criteria

Original articles published in peer-reviewed journals or “ahead of print” were eligible
for consideration. We imposed no restrictions on the language in which the gathered articles
were written [29]. Table 1 presents the eligibility criteria, based on the PICOS criteria.

2.2. Information Sources

The following databases were searched: (i) PubMed; (ii) Scopus, (iii) SPORTDiscus,
and (iv) Web of Science (core collection). The searches were performed on 6 September
2022. Additionally, manual searches were performed on the included studies’ reference
lists to identify potentially relevant titles. The abstracts of these articles were checked for
the relevant inclusion criteria, and, if necessary, the full text was investigated. Moreover,
a consultation of two external experts (as recognized by Expertscape at the Worldwide
level: https://expertscape.com/ex/soccer) (accessed on 5 September 2022) was performed,
aiming to strengthen the search. Errata and article retractions were searched for each of the
included articles, to identify possible sources of bias [31].
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Table 1. Eligibility criteria for the current study.

Inclusion Criteria Exclusion Criteria

Population

Youth populations (under 18) with no
restriction on sex or clinical conditions.
Populations were included in Tier 0,
indicating sedentary behavior, or Tier 1,
indicating recreationally active, of the
participant classification framework [30];
this means that: (Tier 0) they do not meet
minimum activity guidelines, and, thus,
can be considered inactive; or (Tier 1)
they meet the World Health Organization
minimum activity target and/or may
participate in multiple sports/forms
of activity.

Adults (>18 years old) or youths
enrolled in Tiers 2 to 5 of the
participant classification
framework [30].

Intervention

Players were exposed to a structured
recreational soccer training program for a
minimum of four weeks, with no
restrictions on the maximum length.
Similarly, there were no restrictions on
training volume, intensity, or weekly
training frequency.

Exposed to less than four weeks of
training intervention. Exposed to
training programs for other sports
than soccer.

Comparator

Passive control groups (not exposed to
other training interventions, while
retaining their regular physical activity
levels and lifestyle) or active control
groups (exposed to other exercise
programs, not including recreational
soccer training)

Exposed to training programs,
which included recreational soccer.

Outcomes

Physical fitness outcomes
(e.g., cardiorespiratory measures, speed
or change-of-direction measures,
muscular strength and power measures,
and balance measures) and/or body
characteristics or composition (e.g., body
mass index, fat mass, and lean mass)
and/or health-related markers
(e.g., biochemical markers and
inflammatory markers)

Acute physiological and/or
physical responses (i.e., responses
to a single training session or those
experienced during exercise).
Socio/psychological factors.
Technical/tactical factors.

Study design Randomized parallel group design. No randomized designs. No
controlled designs.

2.3. Search Strategy

The search was conducted using the Boolean operators AND/OR. No filters or limita-
tions were applied to the publication date or language, to increase the chances of identifying
appropriate studies [32]. The search strategy presented the following codes:

[Title/Abstract] “Soccer*” OR “Football*”
AND
[All fields/Full text] “recreation*” OR “untrain*” OR “health”
The entire search strategy can be found in Table 2.

2.4. Selection Process

The retrieved records (title, abstracts, and full texts) were independently screened
by two of the authors (F.M.C. and H.S.). Disagreements between the two authors were
discussed in a joint reanalysis. In cases where no consensus could be reached, a third author
(A.F.S.) participated in a collaborative meeting to come to a final decision. The EndNoteTM
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20.3 software (ClarivateTM) was used to manage the records, including the removal of
duplicates, either automatically or manually.

Table 2. The complete search strategy for each database.

Database Specificities of the Databases Search Strategy Number of Articles in
Automatic Search

PubMed None to report
(recreation * OR untrain * OR health) AND

(Soccer [Title/Abstract] OR Football
[Title/Abstract])

7700

Scopus Search for title and abstract
also includes keywords

(TITLE-ABS-KEY (soccer OR football) AND
ALL (recreation * OR untrain * OR health)) 18,909

SPORTDiscus None to report TI (soccer or Football) AND TX (recreation *
OR untrain * OR health) 4752

Web of Science
Search for title and abstract
also includes keywords and

its designated “topic”

Soccer OR Football (Title) and recreation *
OR untrain * OR health (Topic) 5874

*: is the code for extension of the word.

2.5. Data Extraction Process

Two authors (F.M.C. and A.F.S.) independently extracted the data from the included
studies. Information about study methods, results, and principal conclusions was extracted.
A third author (H.S.) verified the collected information and helped in the case of any
disagreements. A Microsoft® Excel worksheet was designed to collect the data. If relevant
information was omitted from an article, the corresponding author was contacted to help to
obtain the required information. If no reply was received after establishing the first contact,
we sent a second message after three days. Following that, the author was contacted twice
in two days, using the same message to achieve a response or attain one two weeks after
the first contact.

2.6. Data Items

Participant-related and context information was obtained for the following items: the
date of publication, the main goal of the research; sample size; country of origin; age; sex
and clinical information.

The intervention-related information included: the timing of the academic season;
program duration; training frequency; level of adherence to training; dose (e.g., duration,
repetitions, rest, intensity, frequency, and density); rules of play; format of play and
pitch size.

The physical fitness outcomes included (but were not restricted to) cardiorespiratory-
related measures (e.g., maximal oxygen uptake, maximal aerobic speed, maximal heart rate),
neuromuscular-related measures (e.g., muscular power and strength), speed and change-
of-direction-related measures (e.g., sprint performance, change-of-direction performance),
and balance and mobility-related measures (e.g., dynamic and static balance). Health-
related outcomes focused on body characteristics and body composition (e.g., body mass
index, lean mass, and fat mass), blood pressure (e.g., systolic and diastolic pressure),
echocardiographic measures (e.g., cardiac output), bone health (e.g., bone mineral content),
biochemical parameters (e.g., total cholesterol and glucose tolerance), and inflammatory
parameters (e.g., leptin).

The comparators included information about passive control groups or active control
groups (namely, type of exercise, intensity, and volume).

2.7. Study Risk of Bias Assessment

The physiotherapy evidence database (PEDro) scale was utilized to assess the risk
of bias in the included studies. This scale has previously been tested for validity and
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reliability [33]. The scale facilitates the rating of eleven specific study criteria, ten of which
are used to classify the overall score of the article, which ranges from 0 (lowest quality) to
10 (highest quality). Usually, score thresholds provide a qualitative classification of “poor”
(<4 points), “fair” (4–5 points), “good” (6–8 points), and “excellent” (9–10 points). The scale
assesses the following items: C1 means that the eligibility criteria were specified; C2 means
that subjects were randomly allocated to groups; C3 means that allocation was concealed;
C4 means that the groups were similar at baseline regarding the most important prognostic
indicators; C5 means that blinding was applied to all subjects; C6 means that there was
blinding of all therapists who administered the therapy; C7 means that there was blinding
of all assessors who measured at least one key outcome; C8 means that the measures of at
least one key outcome were obtained from more than 85% of the subjects who were initially
allocated to groups; C9 means that all subjects for whom outcome measures were available
received the treatment or control condition as allocated or, where this was not the case, the
data for at least one key outcome were analyzed by “intention to treat”; C10 means that the
results of between-group statistical comparisons are reported for at least one key outcome;
C11 means that the study provides both point measures and measures of variability for at
least one key outcome. Two authors (F.M.C. and R.O.) independently reviewed and rated
the included articles, based on the PEDro scale. After that, two authors (F.M.C. and R.O.)
shared the scores and discussed them on a point-by-point basis. In cases where a consensus
could not be reached, a third author (A.F.S.) was invited to provide their own score and
make a final decision.

3. Results
3.1. Study Identification and Selection

The initial search resulted in the identification of 37,235 titles (Figure 1). Duplicates
(10,444 titles) were subsequently removed, either automatically or manually. The remaining
26,791 titles were screened for relevance, based on their titles and abstracts. Of those
papers, 26,727 titles were removed. The full texts of the remaining 64 titles were then
inspected, and from there, 48 more were removed, based on the eligibility criteria. Four of
the potentially included articles [34–37] reported the same clinical trial registration number
(NCT02000492). Based on that finding and considering that multiple reports of the same
study should be collated so that each study, rather than each report, is the unit of interest
in the review, as suggested by Cochrane, we chose only article [38] to remain. From the
manual searches, five articles were retrieved. Of those, one was considered eligible for
inclusion in the systematic review. Following the full search, 17 articles were included in
the final analysis.

3.2. Study Characteristics

The current study’s characteristics can be found in Table 3. Among the included
studies, nine were conducted in Denmark, with two performed in Brazil. Germany, China,
the Faroe Islands, and Saudi Arabia yielded one study each. The remaining articles did not
present any details about each study’s country of origin.

The characteristics of the recreational soccer training programs can be found in Table 4.
The range of training program durations provided was between a minimum of eight weeks
and a maximum of ten months. Weekly training frequency varied from two to five days.
Training duration varied between 12 and 90 min. Small-sided games were used as training
drills in most of the studies.

The characteristics of the control groups included in the studies can be found in
Table 5. Most control groups comprised youths who were only enrolled in regular physical
education classes.
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Table 3. Characteristics of the included studies.

Study Clinical
Registration Country N Age (Years) Sex Assessments

(Number) Tests Applied Outcomes Presented in the Study

[39] Not reported Germany 22 10.8 ± 1.2 Both 3 (pre, mid,
post)

Anthropometry; cycling
ergometry; CMJ;

sit-and-reach; OLS;
agility run; 20-m shuttle

run test

BMI; POmax; VO2max; lactate max;
HRmax; CMJ height;

change-of-direction time; 20-m
shutle run time; HRmax at 20-m

shutle run test; OLS time;
sit-and-reach distance;

[34] NCT01711892 Denmark 97 9.4 ± 0.4 Both 2 (pre, post) Echocardiography;
Anthropometry

BMI; systolic and diastolic BP;
resting HR; LVDD; LVSD; LV; LA;

LVEF; IVT; LVPWD; CO; DT; IVRT;
RVDD; TAPSE

[40] Not reported Denmark 526 11.1 ± 0.4 and
11.0 ± 0.5 Both 2 (pre, post)

Anthropometry; X-ray
absorptiometry; arterial

blood pressure; 20-m
sprint test; horizontal
jump length; YYIRT;
flamingo balance test

BMI; body fat; lean mass; systolic
and diastolic BP; mean arterial

pressure; resting HR; YYIRT
distance; 20-m sprint time; flaming

balance; horizontal jump length.

[41] TCTR20150512001 Brazil 30 14.1 ± 1.3 and
14.8 ± 1.4 Both 2 (pre, post)

Anthropometry; X-ray
absorptiometry; arterial

blood pressure;
cardiopulmonary

exercise testing; heart
rate variability;

biochemical markers;
endothelial function

assessment;
inflammatory

biomarkers

BMI; body fat; fat-free mass;
systolic and diastolic BP; mean

blood pressure; maximal oxygen
uptake; HRmax; total cholesterol;

HDL; LDL; triglycerides; C-reactive
protein; fasting glucose; glucose

tolerance; insulin; HOMA-IR;
leptin; IL-6; resistin; TNF-α;

adiponectin; ET-1; NEFA.

[42] Not reported NA 22 15.9 ± 0.6 Boys 2 (pre, post)

Anthropometry; arterial
blood pressure; heart

rate variability; resting
heart rate; YYIRT; 20-m

sprint test; bilateral
standing long jump;
stork balance test.

Sum of skinfolds; systolic and
diastolic BP; HR rest; Ln SDNN; Ln

rMSSD; Ln HF; HF; Ln LF; LF;
LF/HF; SD1; YYIRT distance;

balance time; sprint time;
jump distance.
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Table 3. Cont.

Study Clinical
Registration Country N Age (Years) Sex Assessments

(Number) Tests Applied Outcomes Presented in the Study

[35] Not reported NA 35 11 to 13 Boys 2 (pre, post)

CMJ test; 10- and 30-m
sprints; leg spreading,

lying on the back;
flexibility of the body

when bending;
flexibility of the body

when stretching;
biochemical markers.

CMJ; Sprint time at 10 and 30 m; leg
spreading lying on the back;
flexibility of the body when

bending; flexibility of the body
when stretching; leukocytes;

erythrocytes; hemoglobin; glucose;
cholesterol; triglycerides.

[36] Not reported NA 35 11 to 13 Boys 2 (pre, post)

Bioimpedance; CMJ test;
agility t-test;

sit-and-reach test;
YYIRT; blood pressure.

BMI; body fat; lean body mass;
muscle mass; CMJ; agility test;

sit-and-reach test; YYIRT; resting
and maximal HR; systolic and

diastolic BP.

[43] Not reported NA 20 15.9 ± 0.6 Boys 2 (pre, post)

Anthropometry; YYIRT;
10- and 20-m sprint;

sit-and-reach test; CMJ;
standing long jump;
stork balance test.

BMI; body fat; lean mass; sprint
time; CMJ height; standing

long-jump; sit-and-reach distance;
balance; YYIRT distance.

[38] NCT02000492 Denmark 295 9.3 ± 0.4 Both 2 (pre, post)

Anthropometry; X-ray
absorptiometry;

flamingo balance test;
horizontal jump test;

20-m sprint test;
coordination wall with

three stages of
increased difficulty.

Bone mineral content; lean mass;
areal bone mineral density; the

number of falls in the balance test;
sprint time; coordination ability.

[44] H-16026885 Denmark 931 11.9 ± 0.4
11.8 ± 0.2 Both 2 (pre, post)

Cognitive test battery,
including detection,
identification, and

one-back and one-card
learning tasks.

Psychomotor function; attention;
working memory; visual memory.

[45] Not reported Faroe
Islands 491 11.1 ± 0.3 Both 2 (pre, post)

Anthropometry; X-ray
absorptiometry; blood
pressure; stork balance
test; horizontal jump

test; YYIRT.

Systolic and diastolic BP; mean
arterial pressure; resting HR; BMI;

body fat; lean body mass;
horizontal jump; postural balance;

YYIRT distance.

[37] Not reported China 38 9 to 10 Boys 2 (pre, post)

Anthropometry; X-ray
absorptiometry; 20-m
shuttle run test; 50-m
sprint; standing long

jump; handgrip; 1-min
sit up; sit-and-reach;
single-leg standing,

BMI; body fat; fat mass and fat-free
mass; maximal oxygen uptake;
sprint time; standing long jump

distance; 1-min sit-up; core muscle
function; body balance; heart

rate index.

[46] No reported NA 105 15.7 ± 0.6 Both 2 (pre, post)

Anthropometry;
backward overhead
medicine ball (3 kg)
throw test; vertical
jump test; YYIRT.

BMI; backward overhead medicine
ball throw distance; vertical jump;

YYIRT distance

[47] TCTR20150512001 Brazil 13 13.9 ± 1.6
14.7 ± 2.3 Both 2 (pre, post)

Anthropometry; blood
pressure; biochemical

markers.

BMI; systolic and diastolic BP; body
fat; HDL: triglycerides; fasting

blood glucose level.

[48] Not reported Saudi
Arabia 30

14.4 ± 2.0
15.6 ± 1.8
17.8 ± 0.4

Boys 2 (pre, post)
Blood pressure; blood
glucose monitoring;

biochemical markers.

LDL; HDL; triglyceride; systolic
and diastolic blood pressure; total

day insulin; fasting blood
glucose; HbA1c.

[49] REC-010712 NA 53
17.0 ± 0.6
16.7 ± 0.4
16.7 ± 0.4

Boys 2 (pre, post)

Anthropometry;
multistage fitness test;

push-up test; abdominal
curl conditioning test;

blood pressure.

BMI; body fat; systolic and diastolic
BP; resting HR; VO2max; sit-ups;

push-ups.

[50] H-16026885 Denmark 1122 11.6 ± 0.5
11.4 ± 0.5 Both 2 (pre, post)

Anthropometry;
bioimpedance; blood

pressure; YYIRT; stork
balance stand test;

standing long jump.

YYIRT distance; VO2max; BMI;
standing forward jump; balance;

body fat; muscle mass; systolic and
diastolic BP; resting HR.

Abbreviations: CMJ: counter-movement jump; BMI: body mass index; POmax: maximal power output; VO2max:
maximal oxygen uptake; HR: heart rate; OLS: one-leg-standing; BP: blood pressure; CO, cardiac output; DT,
transmitral deceleration time; IVRTglobal, global isovolumetric relaxation time; IVT, interventricular septum
thickness; LA, left atrial; LVDD, left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; LVPWD,
left ventricular posterior wall diameter; LVSD, left ventricular systolic diameter; RVDD, right ventricular diastolic
diameter; TAPSE, tricuspid annular plane systolic excursion; YYIRT: yo-yo intermittent recovery test level 1;
IL-6, interleukin-6; TNF-α, tumoral necrosis factor-α; ET-1, endothelin-1; NEFA, non-esterified fatty acids; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; Ln, normal logarithm; SDNN, standard deviation of
the normalized R–R intervals; RMSSD, root mean square of the standard deviation; HF, high frequency; LF, low
frequency, SD1 geometric parameter of the Poincaré plot; LNSDNN: log-natural standard deviation of the NN
(R-R) intervals; NA: not available.
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Table 4. Characteristics of the recreational soccer training programs.

Study Training
Attendance Duration Days Per

Week
Total

Sessions
Training
Duration

(min)
Sets
(n)

Recovery
(min)

Work
Duration

(min)
Work

Intensity Training Drills

[39] 60 to 69% 6 months 3 54 60 NA NA NA 80 ± 8%
HRmax

Warm-up; SSGs (50%);
technique (20%); fitness

courses with a ball (20%)

[34] 77 ± 18% 10 weeks 3 21 ± 5 49 NA NA NA 71 ± 6%
HRmax Warm-up; SSGs.

[40] NA 11 weeks 2 22 45 NA NA NA NA Technique; SSGs

[41] NA 12 weeks 3 36 52.1 ± 5.6 NA NA NA 84.5 ± 4.1%
HRmax

Warm-up (10 min); SSGs
(40 min; cool-down

(10 min)

[42] NA 8 weeks 2 16 NA NA NA NA NA Warm-up; SSGs
(30–45 min)

[35] >50% 12 weeks NA NA 60 4 2 min 8 min
per set

75.1 ± 2.3%
HRmax

Warm-up (10 min); SSGs
(32 min); cool-down

(10 min)

[36] >50% 12 weeks NA NA 60 4 2 min 8 min
per set

75.1 ± 2.3%
HRmax

Warm-up (10 min); SSGs
(32 min); cool-down

(10 min)

[43] NA 8 weeks 2 16 30–45 NA NA NA 84.6 ± 6.3%
HRpeak

Warm-up; SSGs
(30–45 min)

[38] NA 10
months 3 NA NA NA NA NA

0.48 ± 0.15
arbitrary

units player
load

Warm-up (3 to 5 min);
SSGs

[44] NA 11 weeks 2 22 45 NA NA NA NA NA

[45] NA 11 weeks 2 22 45 NA NA NA NA SSGs.

[37] NA 10 weeks 3 30 60 NA NA NA NA

Warm-up (10 min);
dribbling (10 min);

dribbling and shooting
(10 min); passing (10 min);

running (10 min);
cool-down (10 min).

[46] >85% 32 weeks 2 64 45 4 3 5 NA

Warm-up (10 min);
stretching (4 min);

acceleration running
(2 min); soccer (30 min);

cool-down (5 min)

[47] NA 12 weeks 3 36 60 NA NA NA 84.5 ± 4.1%
HRmax

Warm-up (10 min); SSGs
(40 min); cool-down

(10 min)

[48] 21–24 n 12 weeks 2 24 90 NA NA NA ~80% HRmax Warm-up (5–10 min);
game

[49] NA 8 weeks NA 28 60 NA NA NA NA NA

[50] NA 11 weeks 2 22 45 NA NA NA NA NA

Abbreviations: SSGs: small-sided games; NA: not available; HRmax: maximal heart rate.

Table 5. Characteristics of control groups.

Study Characteristic Duration/Frequency Attendance Training Intensity

[39] One group performing
standard classes 6 months/thrice a week 72% 77 ± 6%

Warm-up; aerobic endurance
activities (40%); coordination
and flexibility (20%); strength

(15%); speed (15%).

[34] One group performing
standard classes 10 weeks/twice a week NA NA 40 min of physical

education classes.

[40] One group performing
standard classes 11 weeks/twice a week NA NA 45 min of physical

education classes.

[41] NA NA NA NA NA

[42] Inactive group NA NA NA Kept their regular physical
activity level.
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Table 5. Cont.

Study Characteristic Duration/Frequency Attendance Training Intensity

[35]
One high-intensity

interval training group
and one control group

12 weeks/NA NA

High-intensity
interval training

(80.0 ± 3.0% HRmax)
Control (68.3 ± 2.2%

HRmax)

Warm-up (10 min); 3 sets of
high-intensity interval runs

(100% maximal aerobic speed)
interspaced by 3 min of passive

rest; cool down (10 min)
The control group performed

the regular physical
education classes.

[36]
One high-intensity

interval training group
and one control group

12 weeks/NA NA

High-intensity
interval training

(80.0 ± 3.0% HRmax)
Control (68.3 ± 2.2%

HRmax)

Warm-up (10 min); 3 sets of
high-intensity interval runs

(100% maximal aerobic speed)
interspaced by 3 min of passive

rest; cool down (10 min)
The control group performed

the regular physical
education classes.

[43]
Control group enrolled in

regular physical
education classes.

8 weeks/2 sessions
a week NA NA One hour of physical education

classes per session.

[38]

One group performed
circuit strength training

and one acted as
the control.

10 months/3 sessions NA 0.34 ± 0.09 arbitrary
units player load

Circuit strength training
consisted of 30 s of all-out
exercise with 45 s rest in

between. Six to ten stations
were used focusing on

plyometric and dynamic or
static strength (upper and

lower body).

[44]
Control group enrolled in

regular physical
education classes.

11 weeks/2 session NA NA Regular physical education
classes of 45 min each.

[45]
Control group enrolled in

regular physical
education classes.

11 weeks/2 session NA NA Regular physical education
classes of 45 min each.

[37] Inactive group NA NA NA Kept their regular physical
activity level.

[46]
Control group enrolled in

regular physical
education classes.

32 weeks/
2 sessions week NA NA Regular physical

education classes.

[47] Inactive group 32 weeks NA NA Kept their regular physical
activity level.

[48] Diet-only group and
control group 12 weeks NA NA

One group had a nutritional
program without exercise and
the other acted as a control not

receiving the program.

[49] Control (inactive) NA NA NA Kept their regular physical
activity level.

[50]
Control group enrolled in

regular physical
education classes.

11 weeks/
2 sessions week NA NA Regular physical

education classes.

Abbreviations: NA: not available; HRmax: maximal heart rate.

3.3. Risk of Bias in Studies

Table 6 presents the assessment of the risk of bias. The criteria with the lowest scores
were the ones associated with eligibility, the allocation being concealed, the blinding of
participants and the person who administrated the protocol, and the blinding of the person
who made the assessments.
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Table 6. Assessment of the risk of bias.

Study C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 Score

[39] 0 1 0 1 1 0 0 1 1 1 1 7

[34] 0 1 0 1 0 0 1 1 1 1 1 7

[40] 0 1 0 1 0 0 1 1 1 1 1 7

[41] 0 1 1 1 1 0 1 1 1 1 1 9

[42] 1 1 0 1 0 0 0 1 1 1 1 7

[35] 1 1 0 1 0 0 0 1 1 1 1 7

[36] 1 1 0 0 0 1 0 1 1 1 1 7

[43] 1 1 0 1 0 0 0 1 1 1 1 7

[38] 0 1 0 1 0 0 0 0 1 1 1 5

[44] 0 1 0 0 0 0 0 1 1 1 1 5

[45] 0 1 0 1 0 0 0 1 1 1 1 6

[37] 1 1 1 1 0 0 0 1 1 1 1 8

[46] 0 1 0 1 0 0 0 1 1 1 1 6

[47] 1 1 0 1 0 0 1 1 1 1 1 7

[48] 1 1 1 1 0 1 1 1 1 1 1 10

[49] 0 1 0 1 0 0 0 1 1 1 1 6

[50] 0 1 0 0 0 0 0 1 1 1 1 5

C1: eligibility criteria were specified; C2: subjects were randomly allocated to groups; C3: allocation was concealed;
C4: the groups were similar at baseline regarding the most important prognostic indicators; C5: there was blinding
of all subjects; C6: there was blinding of all therapists who administered the therapy; C7: there was blinding of
all assessors who measured at least one key outcome; C8: measures of at least one key outcome were obtained
from more than 85% of the subjects initially allocated to groups; C9: all subjects for whom outcome measures
were available received the treatment or control condition as allocated, or, where this was not the case, data for
at least one key outcome were analyzed according to “intention to treat”; C10: the results of between-group
statistical comparisons are reported for at least one key outcome; C11: the study provides both point measures
and measures of variability for at least one key outcome.

3.4. Results of Individual Studies

Table 7 shows the main results for the physical fitness variables. The main findings
showed improvements in cardiorespiratory fitness.

Table 7. Main findings of the physical fitness outcomes.

Study Physical Fitness—Evidence of the Main Findings (Differences or Not after
Training Programs in Terms of the Main Physical Fitness Outcomes) General Effects of Soccer Training

[39] 6-month soccer training improved maximal power output, balance, flexibility, jump
ability, agility, and cardiorespiratory fitness in overweight children. Favorable

[40] 11-week soccer training improved the ability of a 20-m sprint and cardiorespiratory
fitness performance in children. Favorable

[41] 12-week soccer training increased the VO2peak in obese adolescents. Favorable

[42] 8-week soccer training increased cardiorespiratory fitness and 20-m sprint
performance in untrained adolescents. Favorable

[35] 12-week soccer training increased explosive power and flexibility of lower
extremities in overweight children. Favorable

[36] 12-week soccer training increased agility and cardiorespiratory fitness in overweight
and obese children. Favorable

[43] 8-week soccer training decreased time in sprint performance (10 and 20 m), and
increased jump ability, balance, and cardiorespiratory fitness in adolescents. Favorable
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Table 7. Cont.

Study Physical Fitness—Evidence of the Main Findings (Differences or Not after
Training Programs in Terms of the Main Physical Fitness Outcomes) General Effects of Soccer Training

[38] 10-month soccer training improved cardiorespiratory fitness, although without
significant differences in children. Favorable

[45]

11 weeks of “FIFA 11 for Health” improved balance and cardiorespiratory fitness in
both genders. Specifically, when only girls were analyzed, cardiorespiratory fitness

and jump ability were improved, while boys only improved cardiorespiratory
fitness in children.

Favorable

[37] 10-week soccer training improved cardiorespiratory fitness, VO2peak, 50-m
sprinting ability, jump ability, core muscle strength, and balance in children. Favorable

[46] 8-month soccer training improved resistance in the upper body and
cardiorespiratory fitness in adolescents. Favorable

[49] 8-week soccer training improved abdominal strength and cardiorespiratory fitness
in adolescents. Favorable

[50] An 11-week study of “11 for Health in Denmark” showed positive cardiorespiratory
fitness and VO2max levels in children. Favorable

Abbreviations:VO2max: maximal oxygen uptake; VO2peak: the peak of oxygen uptake.

Table 8 shows the main results for the health variables. The main findings showed
improvements in blood pressure or heart rate variables.

Table 8. The main findings regarding health-related outcomes.

Study Health-Related Outcomes—Evidence of the Main Findings (Differences or Not after
Training Programs in Terms of Health-Related Outcomes) General Effects of Soccer Training

[39] 6-month soccer training did not improve any biochemical or inflammatory marker in
overweight children. No significant effect

[34] 10-week soccer training improved the posterior wall diameter, interventricular septum
thickness, and global isovolumetric relaxation in pre-adolescent children. Favorable

[40] 11-week soccer training decreased systolic blood pressure and mean arterial blood
pressure in children. Favorable

[41]

12-week soccer training decreased systolic blood pressure, total cholesterol, triglycerides,
C-reactive protein, insulin resistance, sympathetic activity, and vascular resistance. At

the same time, parasympathetic activity, high-density lipoprotein cholesterol, and
vascular conductance increased in obese adolescents.

Favorable

[42]
8-week soccer training increased high-frequency power, the root mean squared value of

the standard deviation (rMSSD), and decreased sympathetic activity in
untrained adolescents.

Favorable

[35] 12-week soccer training led to a positive effect on biochemical parameters, such as the
increased number of erythrocytes in overweight children. Favorable

[36] 12-week soccer training decreased the resting and maximal heart rate in overweight and
obese children. Favorable

[38]
10-month soccer training decreased the diastolic blood pressure and elicited discrete
cardiac adaptations, such as interventricular septum thickness, cuspid annular plane

systolic excursion, and left-atrial volume index in children.
Favorable

[44] 11 weeks of “FIFA 11 for Health” improved cognitive performance by reducing reaction
time in terms of psychomotor function, attention, and working memory in children. Favorable

[45] 11 weeks of “FIFA 11 for Health” decreased the systolic blood pressure in children. Favorable

[37] 10-week soccer training improved heart function in children. Favorable

[51]
10-month soccer training improved interventricular septum thickness and peak

transmitral flow velocity in early diastole, while no other changes were observed
in children.

[47] 12-week soccer training was effective in reducing metabolic syndrome in
obese adolescents. Favorable

[46] 8-month soccer training improved the physical aggression subscale (physical aggression,
verbal aggression, hostility, and anger) in adolescents. Favorable
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Table 8. Cont.

Study Health-Related Outcomes—Evidence of the Main Findings (Differences or Not after
Training Programs in Terms of Health-Related Outcomes) General Effects of Soccer Training

[48]

12-week soccer training with diet restriction decreased the glycated hemoglobin, while
no other changes were shown for this group or soccer training without diet restriction,
which means that diet was important to improving glycemia in adolescents with type

1 diabetes.

Favorable

[49] 8-week soccer training did not cause any significant changes in blood pressure or heart
rate health in adolescents. No significant effect

Table 9 shows the main results for body composition changes. Most of the studies did
not find a significant impact of recreational soccer on body composition.

Table 9. Main findings of body composition.

Study Body Composition—Evidence of the Main Findings (Differences or Not
after Training Programs in Terms of Body Composition) General Effects of Soccer Training

[39] During the 6-month soccer training, height and weight increased in
overweight children. No significant effect

[34] During the 10-week soccer training, body composition variables did not
change in children. No significant effect

[40] During the 11-week soccer training, body mass index and body fat percentage
decreased in children. Favorable

[41] During the 12-week soccer training, body mass index, waist circumference,
and percentage of body fat decreased in obese adolescents. Favorable

[42] During the 8-week soccer training, body composition variables did not change
in untrained adolescents. No significant effect

[36] During the 12-week soccer training, body composition variables did not
change in overweight and obese children. No significant effect

[38] During the 10-month soccer training, body composition variables did not
change in any children. No significant effect

[45]
During the 11-week period of “FIFA 11 for Health”, height, weight, body mass
index, and lean body mass increased, while body fat decreased in children of

both genders.
Favorable

[37] During the 10-week soccer training, body fat, fat mass, and abdominal fat
decreased in children. Favorable

[46] During the 8-month soccer training, body composition variables did not
change in adolescents. No significant effect

[47] The 12 weeks of soccer training were not enough to significantly decrease the
fat percentage. No significant effect

[49] During 8-week soccer training, body composition variables did not change
in adolescents. No significant effect

[50] The 11 weeks of “11 for Health in Denmark” showed a positive effect on body
mass index in children. Favorable

4. Discussion

The purpose of this systematic review was to analyze physical fitness and health-
related markers in untrained children and youths exposed to recreational soccer (RS). The
study mainly focused on comparisons with the control groups, aiming to understand the
isolated effects on body composition, health-related outcomes, and physical fitness.

The main findings from this review are: (a) RS programs are appropriate for young
people when an adequate and properly supervised program is followed; (b) youth RS
programs spanning a period of eight to eleven weeks significantly improved cardiorespi-
ratory fitness, blood pressure, and heart rate-related variables; (c) RS programs seem to
be beneficial in improving body composition, although the results do not present a clearly
discernible pattern.
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4.1. Main Findings Regarding Physical Fitness

From the analyzed studies, the main findings showed improvements in cardiorespira-
tory fitness (CRF) in twelve studies. Although occurrences of cardiovascular disease (CVD)
are rarely seen during childhood, the associated pathophysiological processes often begin
as early as adolescence [52]. Since there is a correlation between childhood obesity and the
eventual emergence of CVD risk factors in adulthood, recent studies [53–55] considered
the importance of CVD risk factors, such as systolic blood pressure, body fat percentage,
and aerobic fitness as the main outcomes related to the level of physical activity in children
from 9 years of age and older. Moreover, CRF seems to prevent cardiovascular disease,
regardless of body mass or composition [56,57], which highlights engagement in regular
physical activity as an important behavior in controlling the aforementioned risk factors.

There is evidence from the original research in the present review that chronic exposure
to RS has a high potential to improve CRF in children and adolescents with and without
excess weight or obesity. RS seems to elicit high cardiovascular demands (endurance
performance or VO2max) in healthy children and clinical populations. Moreover, this type
of exercise is considered safe, with positive long-term effects on physical fitness and health
indices [58].

The improvements reported by studies in terms of cardiorespiratory fitness may be as
a consequence of exposure to RS, with the most effective interventions occurring two to
five times per week, with intensities above ~75% HRmax, for eight weeks to ten months.
Indeed, improvements in cardiorespiratory fitness for young schoolchildren have been
shown to be closely related to time spent in the highest aerobic intensity zone [59].

The greater levels of daily physical activity observed in children who regularly play
RS [57] may also partly explain these increases in physical fitness. In overweight and obese
children, together with large improvements in terms of motor skill performance, increased
exercise capacity may also facilitate greater participation in everyday activities.

Along with improvements in cardiorespiratory fitness, the studies in this review report
similar improvements in 10-m [43], 20-m [40], 30-m, and 50-m [37] sprint times, increased
explosive power [39], jump ability [60], agility [39], balance [36], and flexibility [36].

In contrast to the above results, Ørntoft et al. [40] report that during an 11-week period,
balance and jump performance remained unchanged in both groups (IG, intervention group
and CG, control group) in their study. Similarly, Larsen et al. [60] reported that ten months of
soccer training did not cause significant changes in physical fitness in children. Differences
in the magnitude of adaptive responses across the various studies are possibly related to
the different methodologies used and the baseline values of the groups of participants in
those investigations.

4.2. Main Findings in Relation to Body Composition

The early prevention of overweight and related diseases in children and adolescents is
crucial, meaning that regular physical activity has been accepted as a means to reduce the
incidence of obesity and related comorbidities [61].

Although several school-based physical activity interventions, lasting between ten
and fifty-two weeks, have been reported to have had positive effects on aerobic fitness and
other fitness components, few have had positive effects on body composition and body fat
percentage. Some studies [39] have reported that body composition (as expressed by BMI)
remained largely similar over a six-month period. In two soccer-based interventions re-
ported by Krustrup et al. [34], in normal weight and overweight children (aged 8–12 years)
who were playing small-sided soccer matches for 3 × 40 and 3 × 60 min/week for 10
and 12 weeks, respectively, there were improvements in physical fitness, but there were
no changes in BMI or fat percentage. Several other studies on RS also reported that body
composition variables did not change in untrained, normal-weight, overweight and obese
children, and adolescents. Based on these consistent results, it is perhaps the case that
short-duration intervention programs may not promote changes in body composition and
that longer studies are required to observe such changes. Conversely, another study [62]
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observed significant decreases in BMI z-scores over similar time periods to those described
herein. However, these studies also included educational and nutritional advice programs,
which may have contributed to the observed decreases in BMI. It should, additionally, be
noted that the use of BMI z-scores, adjusted for age and sex and using a WHO reference
population, increases the sensitivity of the index [63].

Vasconcellos et al. [47] reported between- and within-group differences for body
weight, BMI, and waist circumference (WC) in obese adolescents (12–17 years) who played
RS only during a 12-week physical activity intervention (3 times/week; 60-min/sessions).
Additionally, the intervention group showed significant decreases in body-fat percentage,
while no changes were observed in the control group. Interestingly, shorter soccer-based
programs (for an 11-week intervention period) such as the “FIFA 11 for Health” pro-
gram, applied in several studies [40,44], and the “11 for Health in Denmark” used by
Ryom et al. [50] also had positive effects on body composition, BMI (∆−0.15kg/m2) and
fat percentage (∆−0.8%) when compared with a CG. There were within-group decreases
of 23.1 ± 8.4 to 22.5 ± 8.3% in terms of body fat percentage in the intervention group, as
well as an increase in lean body mass (1.0 ± 1.7 vs 0.7 ± 1.6 kg) and a lower BMI when
compared to the control group.

Since changes in body fat percentage and blood pressure can be achieved through
dietary manipulation, physical exercise, and other daily behaviors, an additive effect can be
obtained when such methods are combined [64]. It could be speculated that there are addi-
tional effects of the “FIFA 11 for Health” program, other than the football activity itself. For
example, Ørntoft et al. [40] report that education nutritional habits, when combined with
high-intensity physical training, may positively influence children’s behavior. However,
further studies are required to elucidate whether the increases in awareness of a healthier
lifestyle that were observed following the “FIFA 11 for Health” program can result in the
desired behavioral changes [65].

Another approach when analyzing the study results shows that the effects of PA on
body composition parameters, such as body weight or body mass index, are inconsistent
in young age groups and can distort any changes in body composition. The effects of
PA on body weight are controversial, since such assessments may not consider the body
composition (e.g., fat mass) [66]. The calculation of BMI uses two measures (height and
weight) with a high level of variability in terms of pediatric age, which can decrease the
accuracy in assessing obesity in the early stages of life.

The peri-pubertal period, in which the majority of participants in the studies herein
are found, may also be a confounding factor.

Another plausible consideration is that the increase in average energy expenditure
during intervention training programs can also contribute to an increase in appetite and,
thus, body composition may remain constant as a result [39]. However, in most studies,
nutrition was not controlled for during the intervention period and, therefore, a definitive
conclusion cannot be made.

The meta-analysis conducted by Atlantis et al. [67] recommended 155–180 min of
aerobic exercise per week to positively impact the fat-mass levels of overweight children.
Thus, the nearly unchanged body composition reported in some studies [39,60] might be
at least partly explained by an insufficient training volume (~120 min/wk). Possibly, two
hours of moderate to vigorous exercise, or an energy expenditure of about 700 kcal per
week, can be recommended based on the American College of Sports Medicine and the
American Heart Association, aiming to maintain cardiovascular health in adults [68].

As already mentioned above regarding the study by Ørntoft et al. [40], BMI and the
body-fat percentage were reduced during the 11-week period of the “FIFA 11 for Health”
program. It is noteworthy that this reduction was achieved with 90 min of activity per week
over an 11-week intervention period, which is much less than in previous investigations
observing similar reductions in BMI and body fat percentage, as reported in interventions
with higher training volume and longer duration. For example, Faude et al. [60] prescribed
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180 min over 6 months, while Cvetković et al. [36] prescribed 180 min over 12 weeks, and
Hadjicharalambous et al. [49] recommended 180 min/week over 8 weeks.

To allow more definite conclusions with regard to the long/short term and higher/low
intensity and volume effectiveness of exercise programs in improving the body composition
of normal and overweight children, further studies appear to be necessary.

However, it is important to consider that several studies [69–72] suggest that exercise
improves health, even if no weight is lost, and that improved health and fitness may
increase daily physical activity levels and compliance with exercise programs.

4.3. Main Findings Regarding Health-Related Outcomes

Of the studies in this review that analyzed the health-related outcomes of RS, two did
not find any significant improvement [49,60]. The main findings showed improvements
in blood pressure [34,51,73], cardiac function and HR variables [34,40], and mental and
cognitive health [43,60].

Physical inactivity and lifestyle-related diseases during childhood and adolescence
are associated with an increase in the risk of cardiovascular disease and largely contribute
to disease and disability during adulthood. Early intervention with excessively overweight
children seems mandatory for a healthier adult life [39]. This is of enormous importance
to the current and future health of children and adolescents since it has been observed
that obesity tends to track from childhood into adulthood [74]. Likewise, mental health is
one of the current major concerns in children and adolescents [75], which may also have
consequences in the future; however, in the present review, only three studies addressed
this crucial issue [39].

The relationship between higher fitness levels and physical activity and the achieve-
ment of better cognitive health and performance is well established [76–78]. Faude et al. [60]
report that the self-esteem of overweight children was considerably improved through
training, with a larger effect found in the soccer-playing group. This may be explained not
only by the social interactions experienced but also because of the competitive nature of
the game, leading to feelings of success and coherence among the team [75]. In particular,
emotional support may be enhanced when sports are conducted together with peers, an
effect that is likely to be more pronounced in team sports such as soccer [79].

The study by Lind et al. [44] included an RS program (“FIFA 11 for Health for Europe”)
on cognitive performance in pre-adolescent children. The authors reported a reduction
in reaction time in terms of psychomotor function, attention, and working memory. Sev-
eral studies have highlighted the relationship between cognitive functioning and soccer,
suggesting the importance of cognitive functions for performance in this sport.

4.4. Behavioral Area

In the behavioral area, only the authors of [46] report that the implementation of
RS in regular physical education classes seems to be a potentially appropriate stimulus
for reducing aggression (physical aggression, verbal aggression, hostility, and anger) in
adolescents. A recent systematic review states that the prosocial behavior of RS plays a key
role in interpersonal relationships concerning the growth of children and adolescents [80].

4.5. Cardiovascular Adaptations

Other health-related outcomes of RS programs, such as cardiovascular adaptations,
have been reported in studies showing significant structural and functional effects on
the cardiovascular system. Thus, studies of normal and overweight children have re-
ported considerable cardiovascular adaptations to medium- and short-term soccer interven-
tions [34,38,40]. Only Hadjicharalambous et al. [49] reported that an 8-week soccer training
intervention did not cause any significant changes in cardiometabolic health in adolescents.

The analyzed studies report structural and functional cardiovascular changes, such
as: (a) increased left ventricular posterior wall diameter; (b) improvements in right ven-
tricular systolic function and increased global isovolumetric relaxation time; (c) improved
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interventricular septum thickness, cuspid annular plane systolic excursion, and left atrial
volume index and peak transmitral flow velocity in early diastole; (d) beneficial changes in
endothelial function and vascular conductance; (e) decreased submaximal HR and resting
and maximal HR. Such cardiac adaptations to physical exercise, known as the “athlete’s
heart”, can be elicited in obese and non-obese children, who are heterogeneous in terms
of fitness levels and sports participation [34]. These observations demonstrate that in
childhood, the heart adapts quickly to the physiological changes induced by physical
training [81]. Despite the relatively long-term duration (10 months) in the study by Larsen,
Nielsen, et al. [51], short-term interventions report similar adaptations (over 10 weeks)
from the application of an RS program.

It has been shown that regular and extensive training in adults is associated with
changes in cardiac morphology, namely, increased left and right ventricular cavity di-
mension, wall thickness, and mass [82–84]. Cardiac adaptations to exercise also occur in
children and adolescents, independent of the influence of growth and maturation [85]; a
recent systematic review of echocardiographic studies concludes that these adaptations are
more pronounced in structural left ventricular parameters, with the functional parameters
being preserved or slightly improved by exercise [86].

However, there are still very few studies on the effects of RS training on cardiac
morphology and function that use more accurate measurement methods, such as cardiac
magnetic resonance or 3-D echocardiography [81].

As a consequence of the above-described cardiac adaptations to RS, in the current
review, although Ørntoft et al. [40] state that there seem to be no changes in terms of resting
HR, studies revealed that RS was effective in decreasing resting, submaximal, and maximal
HR in normal weight, overweight, and obese children [35]. Wang et al. [37] also reported
improvements in the HR index, which is determined via resting HR, exercise HR, and
recovery HR (1 min post-exercise), after 30 squats in 30 s.

Autonomic heart rate regulation was evaluated via heart rate variability in two in-
cluded studies [39,51]. Studies show that autonomic modulation, both at rest and during
exercise, increases when a positive adaptation to training occurs, leading to an improvement
in physical performance [87].

Changes that were reported in cardiac autonomic activity, namely, higher parasym-
pathetic outflow and lower sympathetic outflow after RS programs, are concomitant with
a lowered systolic blood pressure. Altogether, an improvement in vagal modulation and
a reduction in sympathetic activity reflect the enhancement of hemodynamic and cardiac
autonomic function in short-term programs, which can be considered a cardio-protective
effect of an RS program [39,51].

4.6. Blood Pressure

Blood pressure (BP) is reported in some studies as showing significant reductions
after the application of intervention programs, namely, the “FIFA 11 for Health” program
and other RS programs [51,73]. The positive effects of physical activity programs on BP in
children aged 6–12 years have been reported in a meta-analysis of physical activity inter-
vention studies. Despite the positive effects of the interventions, there was no consensus on
a reduction in all blood pressure parameters in the studies analyzed. Some studies reported
a decrease only in systolic blood pressure (SBP), while others reported it only in diastolic
pressure or mean blood pressure. Interestingly, some studies reported that programs of
shorter duration (≤8 weeks) appear to have no effect on BP [49].

Despite the relative ambiguity of the pooled results, the beneficial effects of high levels
of physical activity on blood pressure in children are clear [88,89]; even 2 mmHg reductions
in systolic and diastolic blood pressure are associated with a reduction in coronary heart
disease in adults [90–92]. It is well established that a reduction in BP, if sustained, is
associated with lowered arterial stiffness and a decreased atherosclerosis progression rate
in adulthood [93,94].
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Thus, the present findings suggest that RS programs could be an efficient strategy for
BP regulation, even in overweight and obese children, with positive health implications as
one progresses through the various developmental stages to adulthood.

4.7. Biochemical Parameters

Besides the various tests for assessment of the cardiorespiratory system and body
composition, blood biochemical parameters are a significant indicator of health status. In
the present review, the studies by Vasconcellos et al. [41] and Cvetković et al. [36] report
that RS promoted a statistically significant increase in the number of erythrocytes at the end
of the intervention period. Both studies also verified a decrease in blood glucose. Glucose
was assessed using insulin concentration, following the homeostasis model assessment
of insulin resistance (HOMA-IR). The index of HOMA-IR takes under consideration both
the fasting insulin values and fasting glucose values. Overweight and obese adolescents
often present higher negative health outcomes than those of normal weight. This can be
explained by the higher values of insulin concentration and HOMA-IR [95,96].

Concerning triglyceride blood levels, RS was shown to have favorable effects (small
effect size) according to Vasconcellos et al. [41]. These results are not consistent across the
different studies, perhaps due to the baseline fitness levels, the duration of interventions,
and the cardiometabolic profiles of the children and adolescents [49].

It is also important to understand individual responses, due to the complexity of the
participants’ levels of overweight and obesity in some studies. Studies reporting the effects
of individual and group interventions on cardiometabolic risk factors in overweight or
obese pubescent girls and boys are still lacking.

The completion of considerably larger and longer-term studies, including groups
undergoing high and low volume and intensity soccer, will shed more light on the possible
temporal developments and dose-response relationships, as well as the associated blood
biochemical parameter adaptations.

4.8. Limitations

One of this study’s limitations is associated with the sample size, related to the
included studies. Although there is no explicit information in the articles, some similar
aspects were reported in papers from the same research groups that could be associated
with using partial data from the same dataset (i.e., data slicing). This can artificially
inflate the sample size of the current systematic review. However, since there is no reported
information about that fact (in the original articles), all the included studies were considered
for selection, based on the assumption of trust, and based on the fact that the articles
researched different outcomes. Another limitation of this review is the limited number
of subjects investigated in the studies, as well as the relatively short intervention periods,
and, in this regard, the likely suboptimal statistical power. Furthermore, the studies were
analyzed on a “per-protocol” basis; therefore, only the efficacy under ideal conditions can
be assessed. Another limitation is that activity and caloric intake in daily living were not
controlled, while seasonal influences on the investigated parameters may have occurred.

In addition, hormonal changes resulting from the onset of puberty cannot be ruled out
as an influential confounding factor. Specifically, some children in the various studies were
at the beginning of puberty and rapid hormonal changes may have occurred.

4.9. Practical Implications

Based on the current findings, it is verified that recreational soccer can effectively
improve the physical fitness and health of children and young people. A two-week course
of training sessions of about 60 min each, using small-sided games, can be a recommended
strategy for achieving a beneficial impact on participants. However, regarding fat mass, it is
recommended that this should be complemented by dietary and nutritional advice, which
allows for increasing the effect since recreational soccer seems insufficient for achieving a
good impact.
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5. Conclusions

The 11-week intervention of a football-based health education program, as used in
some studies, presents itself as an effective program to be used within a school’s curriculum
to induce improvements in psychosocial and physiological health profiles, along with an
increase in health knowledge. We recommend the tentative use of such programs alongside
a call for greater efforts to engage in more studies on this particular issue. However, we
would like to highlight the point that a major limitation of this review is the limited number
of subjects investigated in the studies and the relatively short intervention periods, and,
in this regard, the possibly suboptimal statistical power. Thus, generalizations from the
findings should be made with caution.
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Abstract: The Motor Competence Assessment (MCA) is a quantitative test battery that assesses motor
competence across the whole lifespan. It is composed of three sub-scales: locomotor, stability, and
manipulative, each of them assessed by two different objectively measured tests. The MCA construct
validity for children and adolescents, having normative values from 3 to 23 years of age, and the
configural invariance between age groups, were recently established. The aim of this study is to
expand the MCA’s development and validation by defining the best and leanest method to score
and classify MCA sub-scales and total score. One thousand participants from 3 to 22 years of age,
randomly selected from the Portuguese database on MC, participated in the study. Three different
procedures to calculate the sub-scales and total MCA values were tested according to alternative
models. Results were compared to the reference method, and Intraclass Correlation Coefficient,
Cronbach’s Alpha, and Bland–Altman statistics were used to describe agreement between the three
methods. The analysis showed no substantial differences between the three methods. Reliability
values were perfect (0.999 to 1.000) for all models, implying that all the methods were able to classify
everyone in the same way. We recommend implementing the most economic and efficient algorithm,
i.e., the configural model algorithm, averaging the percentile scores of the two tests to assess each
MCA sub-scale and total scores.

Keywords: human development; motor development; motor test; motor performance; lifespan

1. Introduction

Motor competence (MC) relates to human movement, its development, and perfor-
mance. It has been described as the ability to be skilful in a wide variety of gross motor
skills (stability, locomotor, and manipulative) that are associated with multiple develop-
mental outcomes including physical health [1–3], psychological, social-emotional, and
cognition/achievement [4–7]. Importantly, it is expected that adequate levels of MC will
facilitate the proficiency of novel motor tasks throughout the lifespan and the learning of
new skills [8].

The Motor Competence Assessment (MCA) is an instrument developed to assess motor
competence across a lifespan. For the first time, it is possible to assess MC from childhood to
old age using the same instrument, without a developmental (age) ceiling effect and using a
feasible and objective test battery [8–10]. Although there are other instruments specifically
developed or adapted to evaluate motor competence throughout a lifespan, such as the
Test of Motor Competence (TMC) [11] and the last form of the Körperkoordinationstest
für Kinder (KTK3+) [12], the first includes a fine motor component that is outside our
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definition of MC, and the second shows a clear ceiling effect on one of the tests used
(balancing backwards) and no locomotor component is included.

The MCA is a quantitative test battery composed of six tests divided into three sub-
scales: stability, locomotor, and manipulative. Each sub-scale is calculated from two tests,
objectively measured. All motor tests in the MCA are quantitative (product-oriented), with
no developmental (age) ceiling effect, and are easy to execute even with little practice.
After determining the construct validity of the MCA for children and adolescents [9],
the normative values from 3 to 23 years of age were established [10]. Very recently, the
MCA configural invariance between age groups was tested, proving the usefulness of the
MCA model throughout growth and development periods from early childhood to young
adulthood [12].

Typically, the scales or batteries used to assess motor development or motor com-
petence of children use a classification system that involves transforming the tests’ raw
data to standard scores relative to age and sex, but with a limited range (from 1 to 10, or
more usually 1 to 20). Examples are the KTK, the Peabody Developmental Motor Scales 2
(PDMS-2) [13], the Test of Gross Motor Development 3 (TGMD-3) [14], and the Movement
Assessment Battery for Children (MABC-2) [15], where a singular value of a standard
score can accommodate a range of results from the test. For example, at the age of six, all
values between 15 and 23 s on the one-leg balance test of the MABC are transformed into a
standard score of eight. The same reduction in information happens when assessing the
sub-scales or components, and the total value, or motor quotient, of the child. In such a
procedure, a chunk of information is lost each time a transformation to standard scores
is performed, and consequently we lose possible discrimination between children’s real
values. Since the MCA always uses quantitative ratio scales to assess the six tests, we argue
all this information relative to age and sex (normative percentile values) should be used to
better discriminate between subjects.

Although the MCA has been used with different populations and cultures [16–18], the
method for scoring each of the three sub-scales (locomotor, stability, and manipulative)
and for total MCA score, still needs to be defined. The initial theoretical framework on
the development of motor skills [19,20] proposed an equal participation of the locomotor,
stability, and manipulative components in overall motor competence. However, this
structural relationship needs to be tested relative to the circumstances of the tests used to
mark each component, and to the developmental ages where the evaluation takes place.
Furthermore, since each MCA test is not a perfect marker of the component but only
a proxy of it, there is a need to interpret possible different weights of the tests in the
classification method of the components (sub-scales) and total MCA scores. The previous
work undertaken on the validation of the MCA established the metrics for these questions,
i.e., the relative weight of each test to the sub-scale according to different age periods [8–10].
Hence, the aim of this study will be to expand the MCA’s development and validation by
using the previous findings on the developmental characteristics of the MCA tests to define
the best and leanest method to score and classify MCA sub-scales and total score.

2. Materials and Methods
2.1. Participants

An initial pool of 2150 participants (1003 females; 1147 males) from the Portuguese
database on MC, a convenience sample consisting of students from preschool to university,
was utilized to select the sample for this study. A computer program was used to randomly
select 1000 participants (250 per age group from 3 to 6, 7 to 10, 11 to 16, and 17 to 23 years
of age, gender-balanced within age groups). No differences were found on any of the MCA
tests (all p’s > 0.50), between the selected and the non-selected participants. All participants
showed no motor or cognitive impairment.

The study was approved by the Ethics Committee of the Faculty of Human Kinetics
at the University of Lisbon and the Scientific Council of the School of Sports and Leisure
at the Polytechnic Institute of Viana do Castelo. All school directors authorized the study,
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and the informed consent of adult participants or parents/tutors of underage children was
obtained. All children gave their verbal assent prior to data collection. All procedures were
in accordance with the 1964 Declaration of Helsinki and its later amendments [21].

2.2. Instruments and Procedures

The MCA is composed of three sub-scales, stability, locomotor, and manipulative.
Each sub-scale has two tests, specifically: lateral jumps (LJs) and shifting platforms (SPs)
for stability; standing long jump (SLJ) and 4 × 10 m shuttle run (SHR) for locomotor; and
ball kicking velocity (BKV) and ball throwing velocity (BTV) for the manipulative sub-scale.
All tests were assessed in a quantitative scale (i.e., distance, time, number of executions,
or velocity), and do not have a ceiling effect related to age or sex (for full description see
Rodrigues et al., 2019). The literature describes the tests’ reliability as ranging from good to
excellent [22–25], and the values of the Intraclass Correlation Coefficient (ICC)were 0.95,
0.99, 0.97, 0.99, 0.98, and 0.98 respectively for SP, JS, SHR, SLJ, BKV, and BTV.

Participants completed a 10 min general and standardized warm-up before the testing.
The test setting was organized in small groups (5 participants per task). Trained examiners
administered the tests. A proficient demonstration and a verbal explanation of each test
were provided before each test. A test trial was always provided to the participant before
the actual test administration. Instructions were given for participants to perform each
task at their maximum. Only motivational feedback was given during the test. All data
collection was supervised by one of the authors of this study. Testing always took place in
a gymnasium.

For the calculation of the sub-scales and total MCA, participants’ results in each of the
MCA tests were transformed into age- and sex-normative values (percentiles) according to
the process previously described [8]. Three different procedures to calculate the sub-scales
values were tested according to three alternative models [25]: (1) the Weighted Age Group
Model (WAGM) accounted for different weights (percentage) of each test’s representation
in the final sub-scale score, according to the age groups’ previous results [8]; (2) the Overall
Model (OM)used the same weight of each test, independent of the age, for calculating
the sub-scale score, according to the loading coefficient of the model found for the overall
sample [8]; and (3) the Configural Model (CM), in which all tests represented an equal
value for the sub-scale’s calculation (see Table 1).

Table 1. Loading coefficients for each sub-scale of the three tested models.

Weighted Age Group Model Overall
Model

Configural
Model3 to 6 7 to 10 11 to 16 17 to 22

Stability LJ 0.86 0.85 0.77 0.73 0.94 1
SP 0.90 0.59 0.82 0.66 0.93 1

Locomotor SLJ 0.89 0.63 0.94 0.88 0.94 1
SHR −0.82 −0.86 −0.86 −0.79 0.89 1

Manipulative BKV 0.82 0.85 0.89 0.93 0.97 1
BTV 0.78 0.76 0.91 0.91 0.95 1

LJs—lateral jumps; SPs—shifting platforms; SLJ—standing long jump; SHR—shuttle run; BKV. ball kicking
velocity; BTV—ball throwing velocity.

According to the different methods used, the formula to calculate each sub-scale
score was:

|((LC test 1/(LC test 1+ LC test 2)) * P test 1) + ((LC test 2/(LC test 1+ LC teste 2)) * P test 2)| (1)

where LC = Loading Coefficient and P = percentile value.
After defining the best method for calculating the sub-scales scores, identical method-

ological procedures were followed to calculate the total MCA score. The relative represen-
tation of each sub-scale was used for calculating the final MCA score according to the same
three models previously used (WAGM, OM, and CM):
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TOTAL MCA = (((LC1+LC2)/sum LC) * STAB) + (((LC3+LC4)/sum LC) * LOC) + (((LC5+LC6)/sum LC) * MAN) (2)

where LC1 = Loading Coefficient test 1; STAB = stability sub-scale score; LOC = locomotor
sub-scale score; MAN = manipulative sub-scale score.

2.3. Statistical Analysis

The results for the sub-scales and total MCA according to the three tested models
were compared with the values produced by the Weighted Age Group Model (WAGM),
the one selected as our reference method. This choice relates to the fact that the WAGM
model provides more information on the weight of each test to the sub-scale score and the
total score (configural, loading coefficients, and age-related information). The Intraclass
Correlation Coefficient tested for the relationship between the results accounting for the
absolute value; the Cronbach’s Alpha was used as a measure of reliability. The Bland–
Altman plot with limits of agreement was used to describe agreement between the three
methods taking the WAGM as the reference method [26,27].

Subsequently, the chosen method for calculating the MCA sub-scales scores was then
used with our data to find each sub-scale score, and the MCA total score was then assessed
according to the three different models previously used (WAGM, OM, and CM).

Initial analyses were made using IBM SPSS Statistics for Windows, Version 26.0.
(Armonk, NY, USA: IBM Corp). The Bland–Altman plot and subsequent analyses were
calculated in MedCalc® Statistical Software version 20.106 (MedCalc Software Ltd., Ostend,
Belgium; https://www.medcalc.org; accessed on 1 February 2022).

3. Results

As depicted in Table 2, an almost perfect reliability level was found between the tested
methods when compared to the reference method, with values ranging from 0.999 to 1.000
in the ICC and the Cronbach’s Alpha. Additionally, the mean difference (bias) resulting
from the Bland–Altman technique always returned a very low value, very close to zero
(not significantly different from zero in all cases except for WAGM * CM), with also a very
narrow interval between 95% limits of agreement (Figure 1).
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Figure 1. Bland–Altman graphs representing differences between the predicted models and the
Weighted Age Group Model (WAGM) reference values for the MCA sub-scales, according to the
percentile positions of the reference values of the WAGM vs. the mean of the two measurements,
with limits of agreement and respective 95% confidence intervals.

Table 2. Reliability and Bland–Altman agreement analysis (mean bias and 95% limits of agreement)
between the MCA sub-scale scores. Comparisons of the Configural Model and the Overall Model
procedures with the Weighted Age Group Model.

Cronbach’s
Alpha

Intraclass
Correlation
Coefficient

Bland–Altman

Mean Bias
(95%CI) Lower Limit Upper Limit

Stability

WAGM * CM 0.999 0.999 0.00001
(−0.0009 to 0.0009) −0.0271 0.0271

WAGM * OM 0.999 0.999 −0.00006
(−0.0009 to 0.0008) −0.0266 0.0264

Locomotor

WAGM * CM 0.999 0.999 −0.0006
(−0.0015 to 0.0001) −0.0261 0.0248

WAGM * OM 0.999 0.999 0.000500
(−0.0004 to 0.0013) −0.0263 0.0272
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Table 2. Cont.

Cronbach’s
Alpha

Intraclass
Correlation
Coefficient

Bland–Altman

Mean Bias
(95%CI) Lower Limit Upper Limit

Manipulative

WAGM * CM 1.000 1.000 −0.00007
(−0.0004 to 0.0002) −0.0097 0.0096

WAGM * OM 1.000 1.000 −0.000006
(−0.0004 to 0.0004) −0.012 0.012

WAGM—Weighted Age Group Model; CM—Configural Model; OM—Overall Model.

The sub-scales scores according to the CM method were then used (Table 3) with our
data to find the MCA total score according to the three different models previously used
(WAGM, OM, and CM).

Table 3. Reliability and Bland–Altman agreement analysis (mean bias and 95% limits of agreement)
between the MCA total scores). Comparisons of the Configural Model and the Overall Model
procedures with the Weighted Age Group Model.

Cronbach’s
Alpha

Intraclass
Correlation
Coefficient

Bland–Altman

Mean Bias
(95%CI)

Lower
Limit

Upper
Limit

Total MCA

WAGM * CM 0.999 0.999 −0.0006458
(−0.0010 to 0.000004) −0.01779 0.01649

WAGM * OM 1.000 1.000 −0.0005122
(−0.0011 to −0.0001) −0.01681 0.01578

WAGM—Weighted Age Group Model; CM—Configural Model; OM—Overall Model

When looking at Figure 1, which shows the Bland–Altman plot with the 95% limits of
agreement, all differences between the tested (predicted) models and the reference values
found when the WAGM model was used, were very small. Even the biggest differences
were within a 0.1 percentile margin of error, meaning that any difference between the three
tested models was negligible. Very few cases were beyond the 95% limits of agreement.

4. Discussion

The aim of this study was to determine the best algorithm for assessing the MCA
sub-scales and total scores, and one representative of the developmental MC relationships.
All test batteries for motor competence or motor development use sub-scales and total
scores. In fact, the MCA has been used in recent years with each author using a composite
of the tests to represent sub-scales and total MCA scores e.g., [16–18]. This practice has
reflected the theoretical model assumed for MCA, long used in the field, that all tests and
sub-scales have equal participation in the determination of the motor competence, but this
had not been tested until now. To test this, we used three different models previously fitted
to a sample of 1000 participants within 3 to 23 years of age, and their loading weights were
used for calculation of the sub-scales and total MCA [26]. Since we hypothesized that the
better-adjusted model should consider age-related constraints, the Weighted Age Group
Model values were used as a reference model to compare to the other two: an Overall
Model (using all the sample), and the Configural Model where all weights are assumed to
be equal.

The analysis showed that no substantial differences could be found between the three
methods used for assessing the sub-scales. The reliability values were perfect or in the
vicinity of perfection (0.999 to 1.000), which implies that all the methods were able to
classify everyone in the same way. The Bland–Altman plots represented in Figure 1 show
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the dimension of the differences between the reference model and the other two. The 95%
limits of agreement found for both the CM and the OM resulted in a very narrow range,
between −0.01 and 0.01 percentiles. That means that using either of the three methods
would produce almost the same results for all individuals tested. Furthermore, the Bland–
Altman bias analysis showed negligible values, indicating that all the methods can be used
with similar results independent of the test scores’ magnitude.

Given these results for the sub-scales, we suggest implementing the most economic
and efficient algorithm, i.e., the configural model algorithm, averaging the percentile scores
of the two tests to assess each sub-scale. This method was used with our data to find
each sub-scale score, and the MCA total score was then assessed according to the three
different models previously used (WAGM, OM, and CM). Again, the results proved very
similar in outcome, independent of the method used, with reliability values ranging from
0.999 to 1.000, and the 95% confidence intervals for the differences found for both the CM
(−0.0010 to 0.000) and the OM (−0.0011 to −0.0001) were very small.

Other scoring methods used in comparable test batteries usually include the transfor-
mation of individual test’s raw values into z-scores related to age and sex (test z-score), and
the transformation of the sum of all the z-scores into a new value that is then transformed
into a new z-score (total or motor quotient z-score). That is the case for KTK3+ [12], or the
TMC [11] (although the latter uses a general z-score value for each test, and not an age- and
sex-related z-score). These methods are similar to the technique we used, where the mean
and standard deviation used to find the z-scores results from a previous populational study.
Other tests, such as the PDMS-2 [13], the TGMD-3 [14], or the MABC-2 [15], include a first
transformation of the raw values into age- and sex-related standard scores (with a range
of 1 to 10, or 1 to 20), and then its sum into a new standard score or percentile interval to
represent the total motor quotient or percentile classification. In this case, each raw value is
transformed two times, losing some information in each transformation, and resulting in
less discriminating scores than the MCA.

A limitation of our results is the fact that no single gold standard is established for
these specific measures of the MCA (sub-scales and total score). As explained previously,
we choose the WAGM model as the most appropriate and complete model to determine
the real value of the MCA scores. We also intend, in the future, to compare the MCA scores
with other batteries used for assessing MC such as the KTK 3+, TMC, MABC-2, TGMD-3,
or the Bruininks–Oseretsky.

5. Practical Implications

This study represents the final step for validating the MCA testing battery as a tool for
assessing motor competence across all ages. MCA stability, locomotor, and manipulative
sub-scales and MCA total score values can now be used when testing motor competence
with any age and sex. The average of the normative age- and sex-related values for each
test can be used to calculate the MCA sub-scales and total MCA scores. MCA is now
ready to be used as a classification tool for MC throughout the human lifespan in different
contexts (research, clinical, sports, education). Classification of the MCA cut-off values for
the motor-impaired, underperformers, and high performers can now be established.

6. Conclusions

In conclusion, we advocate the use of the transformed percentile values to evaluate
the performance on each test, and the average of these values to assess each sub-scale and
the total MCA score, as the best and most effective method to score and classify MCA. With
these insights, the MCA is ready to be used as a classification tool for MC throughout the
lifespan in different contexts (research, clinical, sports, education). Further classification
cut-off values for the motor-impaired, underperformers, and high performers can now be
procured in future works.
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Abstract: Background: Low physical activity levels in young children is a major concern. For
children aged 0–5 years, engagement with opportunities to be physically active are often driven by
the adults responsible for the child’s care. This systematic review explores the barriers and facilitators
to parents/caregivers engaging pre-school children in community-based opportunities for physical
activity, within real-world settings, or as part of an intervention study. Methods: EBSCOhost Medline,
CINHAL plus, EBSCOhost SPORTDiscus, Web of Science, ProQuest, and ASSIA were systematically
searched for quantitative and qualitative studies published in English between 2015 and 16 May 2022.
Data extracted from 16 articles (485 parents/carers; four countries) were quality-assessed using
the Mixed Methods Assessment Tool and coded and themed via thematic analysis. Results: Nine
themes (eight core, one minor) were identified and conceptualised into a socio-ecological model,
illustrating factors over four levels: Individual—beliefs and knowledge (and parental parameters);
Interpersonal—social benefits, social network, and family dynamic; Community—organisational
factors and affordability; and Built and Physical Environment—infrastructure. Discussion: The
findings provide valuable insights for practitioners and policy makers who commission, design,
and deliver community-based physical activity opportunities for pre-school children. Developing
strategies and opportunities that seek to address the barriers identified, as well as build on the
facilitators highlighted by parents, particularly factors related to infrastructure and affordability,
are imperative for physical activity promotion in pre-school children. The perspectives of fathers,
socioeconomic and geographical differences, and the importance parents place on physical activity
promotion all need to be explored further.

Keywords: physical activity; sedentary time; sedentary behaviour; youth; socio-ecological mode

1. Introduction

The benefits of being physically active are irrefutable [1]. Unfortunately, physical
activity (PA) levels of young children, including pre-school children (0–5-year-olds), are
a major concern [2,3]. Specifically, whilst data on this age group are sparse, the emerging
evidence is congruent with that of their older counterparts (5–18-year-olds), with high
amounts of time in of sedentary behaviour and low levels of PA already established
behaviours for many [4,5]. This is especially concerning given that childhood behaviours
are well evidenced to track into adolescence and adulthood [6].

For young children, being insufficiently active can limit the protective effect of PA
against cardiovascular disease [7] and obesity [8] and have negative connotations for
cognitive development [9], psychosocial health [10], and the mastery of fundamental
movement skills [11]. Multiple reviews have explored and identified correlates of PA and
sedentary behaviour in children (i.e., [12,13]), highlighting that elements relating to parental
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practices and opinions are, at least to some degree, key determinants of a child’s health
behaviours, including PA.

The engagement of pre-school children in organised opportunities to be physically
active has been shown to positively influence sedentary behaviour [14] and moderate-to-
vigorous physical activity (MVPA) [15]; both important ways to facilitate the achievement
of physical activity levels recommended for optimal health [1]. Indeed, Chen et al. [15]
found that the participation of 3–5-year-olds in organised sport (outside of school time)
was associated with 10% more MVPA throughout the day. Likewise, when evaluating the
effects of a 10-week, family-driven active play programme in children under five years old,
O’Dwyer et al. [14] discovered that attendance at structured activities away from the home
was a significant predictor of lower weekend sedentary time. The authors suggest that this
may, at least in part, be due to parental perceptions of PA, and their ability to facilitate the
engagement of their child.

The United Nations Convention on the Rights of the Child [16] states that every
child has the right to good health and the right to play. However, on an individual level,
engagement of pre-school children with opportunities to be physically active is driven
by the adults responsible for the child’s care. Tackling physical inactivity and sedentary
behaviour in early childhood therefore requires an in-depth understanding of the key
factors that influence adults decision-making processes and behaviours. Such information
is essential to assist policy makers and, where necessary, address the (mis)perceptions of
those individuals who have the greatest influence during the early years period.

A review of global qualitative research synthesised and mapped the factors relating to
parental, care provider, and child perceptions of PA behaviour influencers [17]. Seven core
themes were outlined, with the most frequently reported barriers and facilitators being
those on an interpersonal level, including the role that adults (parents, care providers, fam-
ily) have in facilitating health behaviours. Given recent evidence surrounding the barriers
and facilitators to physical activity engagement among young children [12,17], it is also
important to understand how these present for parents/caregivers, specifically in accessing
wider opportunities to support their children’s physical activity within local communities.
This can provide further recommendations for public health interventions. Consequently,
this mixed-methods systematic review aims to build on prior findings by: (i) specifi-
cally exploring the barriers and facilitators to parents/caregivers living within developed
economies engaging pre-school children (0–5-year-olds) in community-based opportunities
for PA, either within real-world settings or as part of an intervention study, capturing both
qualitative and quantitative evidence; (ii) categorising and discussing the findings at a
socio-ecological level in line with the framework of Sallis et al. [18]; and (iii) establishing
which barriers and facilitators may be central to future action planning. From here on, for
ease, reference to parents will encompass parental, carer, and kinship relationships.

2. Methods

This mixed-methods systematic review of both quantitative and qualitative research,
including peer-reviewed and non-peer-reviewed (grey) literature, was designed and con-
ducted in line with the Joanna Briggs Institute (JBI) methodology [19]. This approach
enabled the complexities of health-related research to be fully explored, ensuring the widest
range of understanding was generated [20]. This review is reported in accordance with the
Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) [21] and
registered on PROSPERO, registration number CRD42022331738.

2.1. Data Sources, Searches, and Study Selection Criteria

Six electronic databases (EBSCOhost Medline, CINHAL plus, EBSCOhost SPORTDis-
cus, Web of Science, ProQuest, ASSIA), limited to publications in English between 2015
(in line with publication of the United Nations Sustainable Development Goals [22]) and
16th May 2022, were searched by the first author (RLK). Search strategies of key terms were
created based on previous reviews of similar topics (e.g., [17]) and refined with guidance
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from a subject Librarian and input from the review team. The Boolean terms and their
variations used included, but were not limited to: (parent* OR carer* OR grandparent* OR
guardian*) AND (preschool* OR “early years” OR “young children”) AND (barrier* OR
facilitator* OR perception* OR challeng*) AND (“physical activit* OR “active play” OR
“fundamental movement” OR “motor skills”).

Two authors (RLK and CS or MAM) independently reviewed all generated citations
and abstracts to select eligible studies using Rayyan (QRCI, Qatar), with those coded
‘include’ subsequently full-text screened (independently by RK and MM) against the
pre-defined inclusion/exclusion criteria (Table 1). Disagreements regarding eligibility of
citations and abstracts or full-text articles were resolved through discussion between the
authors (initially: k = 0.46, after discussion: k = 0.88), with a third reviewer (CS or BH)
consulted where a consensus could not be reached (n = 3). Online File S1 provides full
details of database-specific terms, restrictions and search strategies, and secondary and
grey literature search processes.

Table 1. Study inclusion and exclusion criteria.

Variable Inclusion Criteria Exclusion Criteria

Population or participants

Parent/guardian/carer of a child(ren) aged
0–5 years

Any gender
Restricted to the 37 countries listed on the

UN 2022 list of developed economies

Studies including the parent, guardian, or carer
of children aged >5 years, where data cannot be

separated
Studies that include clinical populations (e.g.,

autism, cerebral palsy, cystic fibrosis), where data
cannot be separated

Phenomena of interest
Perceived parental, guardian, or carer

barriers/facilitators to engagement of children
aged 0–5 years with PA driven opportunities

Studies including the perceptions of children or
education providers

Studies that involve data obtained relating
specifically to the effects of COVID-19 pandemic

curtailment restrictions

Context

Community-based PA opportunities—any
public, private, or third-sector activity provided

either freely or following payment within
real-world settings or as part of an

intervention study

Studies where a degree of activity offered (free or
paid) is not based on or driven by PA

Studies that report outcomes relating to physical
education provision or interventions delivered

during core nursery and school hours and
therefore participation is not under the direct

influence of a parent/guardian/carer

Study designs

Any quantitative, qualitative, or mixed-methods
study design providing original results

(including grey literature, such as conference
proceedings)

No restrictions on measurement type for
assessing barriers/facilitators. Mixed-methods
studies will be considered if the data from the
qualitative and quantitative elements can be

clearly extracted

Studies not providing original results, such as
systematic reviews, meta-analysis, general

reviews, or editorials
Studies where barriers/facilitators are only

reported anecdotally within the discussion, not
as core results

PA = physical activity; UN = United Nations.

2.2. Data Extraction

A standardised form pre-developed by the JBI (mixed methods convergent integrated
approach) [19] was used by RLK to extract data from the included studies for evidence syn-
thesis. Extracted information included: authors; year of publication; study design, setting,
and population, including sample size; participant demographics and characteristics; study
methodology; inclusion/exclusion criteria; empirical and/or contextual results relating to
parental/carer perceived barriers and facilitators to engagement with community-based
PA opportunities (for quantitative data: outcomes of descriptive and interferential analyses;
for qualitative: themes or sub-themes supported with illustrations, such as supporting data
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or direct quotations); type of community-based opportunity (if applicable); and quality-
assessment information. A second reviewer (CS or BH) independently reviewed 50% of the
extracted data. Two discrepancies were resolved through discussion. Supplementary data
were consulted where necessary and available.

2.3. Quality Assessment

One author (RLK) independently assessed study quality using the Mixed Methods
Assessment Tool (MMAT) [23]. A second reviewer (CS or BH) independently randomly
checked 50% of the studies to ensure consistency. No disagreements occurred. Each study
was subsequently attributed an overall quality score, ranging from 1*, where 20% of the
quality criteria have been met, to 5*, where 100% of the quality criteria have been met [24].
No studies were excluded due to low quality; rather, all issues were considered when
interpreting the results of each study. As per JBI recommendations for mixed-methods
systematic reviews, an assessment of certainty was not conducted.

2.4. Data Synthesis

A convergent integrated approach to data synthesis was undertaken [19]. Quantitative
data were transformed into textual descriptions or narrative interpretations to facilitate
integration with extracted qualitative data. The transformed quantitative data were con-
currently analysed and categorised with the qualitative data to form one set of themes
and narratives. Thematic synthesis of the pooled data was conducted by RLK following
the approach of Thomas and Harden [25]. The findings were coded line-by-line with ‘free
codes’, organised into related areas, and ‘descriptive’ themes constructed. The descriptive
themes were organised into overarching ‘analytical’ themes. This process was completed
in collaboration with the review team; generated themes were discussed, reflected upon,
and refined, with reference back to the original articles when required. The analytical
themes were used to construct a conceptual framework based on the socioecological model
categories outlined by Sallis et al. [18]. This process was undertaken by RLK with a ‘critical
friend’ (CS) blindly crossmatching 10% of the studies against the framework to ensure the
accuracy, rigour, transparency, and credibility of the undertaken process [26].

3. Results

Overall, 5856 articles were identified from electronic database searches; a further
282 were identified from secondary search strategies. Following duplicate removal, 2477 ar-
ticles were screened, 2286 excluded, 91 retrieved for full-text eligibility screening, and
16 retained and included in the final analysis (Figure 1). The remaining articles included
data from 485 parents of a child aged 0–5 years old [27–42], from four different countries
(Australia, the United States of America (USA), the United Kingdom (UK), and Slovenia).
Three articles did not provide details of the age of parents [28,32,40]; one article did not
provide the sex of parents [38]. It was not possible to separate core demographic details
from other study participants not relevant to this review within four articles [31,38,41,42];
however, given that it was possible to separate the facilitators and barriers, these studies
were still included.

All articles collected qualitative data, predominantly via semi-structured interviews
(n = 9/16) [27–34,36], with five articles adopting a mixed-methods design [28,29,34,40,42].
From these five articles, only the quantitative data from one article [28] met the criteria
for inclusion in the data synthesis and was assessed for quality. Only 5 out of 16 articles
(31%) had the primary aim to explore factors associated with the child’s engagement
in community-based opportunities for PA [27,28,31,34,42]. For the others, the aim was
either focused on the general PA context (n = 8/16) [32,33,35–38,40,41] or on other health-
related behaviours (n = 3/16) [29,30,39], with data pertinent to this review captured as a
coincidental finding. Further individual study characteristics and overall MMAT quality
scores are provided in Table 2, with a full breakdown of the quality assessments and
supporting justification presented in Online Tables S1 and S2.
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases, registers, and other sources. Note: * Automation tools were not used; n = number; UN =
United Nation.

In concert with the dimensions of the socio-ecological framework of Sallis et al. [18],
a narrative synthesis of the findings is outlined in the following section. To assist with
framing potential interactions between individual-level parental influences and wider
factors [18], this is accompanied by a model conceptualised from the nine themes (eight
core, one minor) identified within the analysis process (Figure 2). An overview of the
themes with indicative text quotes is presented in Online File S2.
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Figure 2. Socio-ecological model of factors that influence parental engagement of pre-school children
in community-based opportunities for physical activity.

3.1. Individual
Beliefs and Knowledge (and Parental Parameters)

At an intrinsic level, parental beliefs regarding the value they place on PA, and the wider
benefits they perceive it could bring, appear central to their decision-making processes.
Structured PA was perceived to provide exposure to stimulating learning opportunities and
environments [27,42] and to foster a broad range of positive and healthy child-development
traits. In addition to being an approach to develop social and emotional skills [27,28,31,42],
companionship [28], confidence [42], and teamwork [27] were also referred to. Specifically
relating to enrolment in private swimming lessons, participation was viewed as a way for
children to gain an essential life skill (personal safety), and an early childhood education
that would be advantageous in the longer-term [27]. For parents classified by studies
as middle-class, swimming lessons were also perceived as a way to demonstrate ‘good
parenting’ by enabling them to comply with social norms and mitigate their own concerns
regarding fear of drowning and water safety [27].

Perceived benefits were also deemed to be derived from professional instruction.
Specifically, knowing a professional would be present in one study facilitated fathers’
engagement with an active play intervention [34], whilst the anticipated development
of strong, sport-specific skills due to instruction motivated attendance at bouldering
classes [31]. Paying for skilled instruction and access to an appropriate role model that
would enhance a child’s behaviour and subsequent learning, facilitated enrolment in pri-
vate swimming lessons [27]. Indeed, an individual, versus a group-based approach, was
considered to be associated with even greater gains [27].

Closely linked to beliefs, parental knowledge, either prior knowledge or a lack of,
influenced their decision making. At a basic level, not having the skills to teach their child
to swim themselves facilitated attendance at private swimming lessons [27]. However, the
recognition and understanding that early skill development can be beneficial for securing
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leisure opportunities in later life [27] and bring health and fitness benefits in the short
term [31] may still be offset by other factors. For example, Houghton et al. [34] found
a misconception among fathers that available sessions, including toddler groups, were
purely for mothers, reflecting how lack of knowledge can be a barrier to attendance. Briefly,
although not a major finding, it is pertinent to note that factors relating to parental parameters,
namely, health and personality traits (shyness, laziness), were also highlighted as potential
barriers to engagement by fathers attending community-based active play sessions as part
of an intervention study [34].

3.2. Interpersonal
Social Benefits, Social Networks, and Family Dynamics

A key driver for attending playgroups [28] and parks [33] was the opportunity they
provide for parents [28,42], particularly mothers [33,37], to socialise. Moreover, social net-
works provide a platform for peer support and influence. Playgroups provide a sense of
togetherness, where comradeship can thrive, parenting practices can be shared in a safe
space, and observations made of other parent–child interactions to inform one’s own future
parenting practices [30]. Social networks facilitated the use of parks [33] and other PA
opportunities through the sharing of knowledge and resources, for example, attending in
groups or sharing transport [37]. Where such peer influence had a predominantly positive
impact, including participation on the basis that ‘everyone else is doing it’ [27], differing
parenting approaches and/or attitudes, particularly towards choice of leisure time activity
(café versus park), may act as a barrier to pre-schoolers’ PA [33].

Challenges can also arise from within the family unit that influence the family dynamic
and, subsequently, PA engagement. Parents in general, and fathers specifically, highlighted
the difficulties that arose from having children of different ages. Specifically, competing
child commitments [33] and having children outside the age-range of the targeted class [34]
were raised as barriers to engagement. Moreover, while mothers often delegated the
teaching of new sports to fathers or professionals [40], they were, however, often the
‘gatekeeper’ to engagement in PA opportunities, self-perceiving that they were the drivers
of initiating new activities [40] and perceived by fathers to be the ‘organiser’ and reason for
their attendance and co-participation at activities [34].

3.3. Community
Organisational Factors and Affordability

When targeting PA in pre-schoolers, the unique requirements of this population
and their parents should be acknowledged at an organisational level. Age-group-targeted
opportunities that are developmentally appropriate, based on the principles of learning
through play, and provide a different experience (e.g., bouldering classes) inspired parents
and facilitated attendance [31]. Moreover, a lack of professionally supervised activities
for this age group acted as a barrier [37]. The timing of community-based opportunities
was also important. Holding more events on weekends [33] could increase engagement;
commitment and schedule clashes were barriers identified by both mothers [37] and
fathers [34]. For opportunities specifically targeting the engagement of fathers, Saturday
sessions led to the greatest attendance levels [34].

The engagement of parents could, in part, be facilitated or restricted by advertising
strategies. Social media was identified as a tool for sharing PA ideas and local events [33].
However, it was noted that whilst improved advertising of community PA opportunities
could facilitate greater co-participation of parents with their child(ren) [33], poor advertising
was a barrier that led to a lack of understanding about available sessions [34]. Being used in
an alternative format, marketing techniques delivered through social media that highlighted
the perceived threat of not being able to swim was an effective way of encouraging parents
to enrol their pre-schooler in private swimming lessons [27].

A major barrier for parents was the affordability of PA. The high cost of participation
in organised sports or structured activities (e.g., ice skating) limited engagement [36–39,41].
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For families in deprived areas, the cost of, for example, general swimming, let alone private
swimming lessons, precluded participation [41]. Despite wanting to enrol their child(ren),
for Brazilian immigrant mothers and fathers in the USA, it was simply not an activity they
could readily afford [36,37]. For those with limited finances, a lack of disposable income
was a significant barrier to pre-schoolers’ PA [36,41], whereas for middle-class parents,
being able to afford the additional cost of private swimming lessons was not something
they were concerned about [27].

The provision of low-cost and free activities was viewed as an approach to incentivise
participation, particularly for those living in deprived areas [41]. Improving access to
resources already available in the community (school facilities) and greater support from
community councils were highlighted as ways to improve PA opportunities for young
families [33]. Additionally, where fathers identified the limited availability of affordable
organised sport as a barrier to their pre-schoolers’ PA [36], individuals embracing or
local providers facilitating opportunities to engage in locality-specific activities (bushwalk-
ing) [33] could provide a viable solution.

3.4. Built and Physical Environment
Infrastructure

The infrastructure surrounding adequate access to parks, open spaces, general re-
sources, their quality, and how easy it is to travel to them presented an important facilitator
of play, and therefore PA, for pre-schoolers. A lack of available, well-resourced facilities
and/or parks with age-appropriate equipment [28,33], all-weather provisions [29,33], and
adequate green space [36] were mentioned as hinderances. Access to open space was
somewhat more of an issue in outer, than inner, Australian suburbs [28], whilst, in some
rural farmland areas of the USA, parks were reportedly non-existent [32]. In addition to a
lack of access to outdoor facilities, the availability of indoor facilities, particularly in more
rural areas [29], was also highlighted. Parents would like greater access to indoor play
centres [29] and programmes and services, such as local events and playgroups [33].

Even when access is not an issue, the quality and safety of available facilities was
often raised, particularly in parks [28,35,39]. Deteriorating conditions, where broken
and removed equipment has not been replaced [28], safety hazards (broken glass and
equipment) [39], the presence of dogs within park areas, and safety issues associated
with traffic and park locations [28], all deterred parents from taking their preschool-aged
children. Similarly, these issues were highlighted to a greater extent in outer rather than
inner suburb areas [28].

Inherently linked are issues surrounding distance and transportation. Whether in
rural or urban areas, the distance parents have to travel to attend parks, green spaces, and
other facilities and opportunities that encourage play and PA had a significant impact
on their frequency of attendance [29,32,33,36]. In more rural farmland areas [32], outer
suburbs [28], and areas of high deprivation [41], attendance is often governed by access
to transport, whether public or private. With this comes the associated cost of fuel [38] or
fares, and sometimes excessive and unmanageable travel times [32].

3.5. Discussion

This mixed-methods systematic review examined the facilitators and barriers to par-
ents engaging pre-school children in community-based PA opportunities and environments.
To support the interpretation and translation of the findings, the results of the review were
categorised using a socio-ecological approach (Figure 2). From the 16 included articles, eight
core themes were identified over four levels: (i) Individual—belief, knowledge; (ii) Interper-
sonal—social benefits, family dynamic, and social network; (iii) Community—organisational
factors and affordability; and (iv) Built and Physical Environment—infrastructure.

Parental beliefs regarding the value of PA and their knowledge around its benefits
influence engagement with community opportunities. Beliefs, which focused on the
positive development of traits and experiences that could be acquired by the child, act
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as a facilitator [27,28,31,42]. However, limited knowledge, whether through lack of skills
to teach their child themselves or about specific PA opportunities, can simultaneously
facilitate [27] and prohibit attendance [34]. At an individual level, although not a core
theme, perhaps due to limited studies, the influence of parental parameters was also
highlighted. Given the limited evidence to support this theme, more detailed discussions
are precluded.

The importance of personal growth resonates within the existing literature on parental
motivations for supporting pre-school children’s leisure activities. For example, higher
levels of behavioural engagement in leisure activities, which is frequently organised sport,
presents more often among parents who value leisure activities for their ability to shape
children’s competencies and provide enjoyment [43]. There is also a strong relationship
between greater participation in leisure opportunities for children and more favourable
family economic factors [44]. Given, however, the strong relationship between the accessi-
bility of opportunities in communities to be physically active and family resources, such as
time, money, and location, as evidenced in this review, these are likely to present as more
prominent barriers for less affluent families.

It is important to highlight that the values placed on leisure-time use may vary
among parents of different social classes [45]. Previous research has identified less affluent
parents as being less likely to believe that structured leisure activities may help children
overcome social and behavioural difficulties [43] and, in contrast to more affluent families,
to place more emphasis on safety and opportunities for free time (as opposed to structured
activity) [46]. Considering parental motivations and values is central to shaping future
opportunities for parents of young children, as well as reducing health inequalities. How
these motivations and values are associated with family affluence within local communities
warrants further research.

Social norms are evolving; whilst, historically, mothers have been the primary-care
providers for children, changes in policy over recent years have advocated that it should
no longer be the default. For example, in 2015 in the UK, Shared Parental Leave was
introduced [47]. This change in the provision of primary childcare impacts the landscape
of the household and family dynamic roles; with fathers playing a more central role at
home, it is important to consider at whom opportunities that facilitate PA are targeted
(mainly mothers) [34]. Indeed, the social networks and benefits that parents [28,42], and
particularly mothers [33,37], obtain from taking their children to activities drive both
their initial engagement with community-based PA opportunities for their child and their
sustained attendance. Whether such factors equally motivate fathers is unclear from the
current evidence base.

The Capability, Opportunity, Motivation, and Behaviour model (COM-B) [48] proposes
that three factors (Capability, Opportunity, or Motivation), either combined or in isolation,
can facilitate health-related behaviour. In this instance, considering Motivation, whilst
parents might initially be driven to attend community-based opportunities for PA for
their child’s or for their own benefit (e.g., personal social benefits), observing their child’s
enjoyment through being active and having fun may subsequently lead to bi-directional
effects, with positive changes in parental beliefs leading to more engaged participation
from the child [43].

When considering Opportunity, the direct cost of activities or cost of getting to locations
(e.g., parks) [36–39,41] and infrastructure-based limitations [28,29,32,33,35,36,39] both pre-
sented as major barriers to participation. In the UK, at a time when planning departments
are now more heavily involved in creating infrastructures that encourage PA, these issues
should be ones that can be alleviated. Additionally, current policies and developments in
active education settings [49] support the use of pre-existing local community facilities,
such as schools [33], as venues for PA opportunities, minimising both cost and travel
requirements, but also building community cohesion.
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3.6. Future Directions

Multiple factors across multiple different socio-ecological levels that parents identify
as influencing the engagement of their pre-school child in community-based opportunities
for PA were highlighted. Whilst these provide key areas for practitioner and policy-maker
consideration, for some, more research is required to further understand their impact. First,
the results indicate gender differences in parental perceptions of barriers and facilitators.
Whilst the views and needs of fathers are discussed within some of the included articles,
the percentage of female study participants is substantially greater (Table 2), and drivers of
engagement potentially differ. For example, playgroups and parks provide opportunities
for mothers to socialise [33,37]; however, this needs to be explored further from a male
perspective. Dual-advertising campaigns may be needed to target the parenting roles
simultaneously and widen participation and engagement to the whole family unit.

Second, it is apparent that the factors that may have the greatest influence on par-
ents who are more or less affluent and/or live in rural, versus urban, locations might
differ. Where affordability and access barriers present the primary challenge in areas with
higher deprivation (i.e., [29,32,36,37,39]), for parents where cost is not perceived to be
an issue, influencing factors appear to be situated at an individual or interpersonal level
(i.e., [27,28,31,33,42]). Given the limited number of studies that have specifically set out
to explore this in parents of pre-school children, studies that compare such differences in
greater depth within local communities are required. Proportional universalism [50], where
policy implementation strategies and provision are provided to all, but provision is graded
dependent on need, is required.

Finally, concerning parental beliefs and knowledge, further work is needed to ascer-
tain where on the spectrum of importance parents place engaging pre-schoolers in PA.
Conventionally, it has been perceived that pre-schoolers are sufficiently active by default
(as supported by the findings of Hesketh et al. [17]). However, with emerging evidence
to show that this is not the case, with high levels of sedentary behaviour and low levels
of PA potentially already established in some (i.e., [3,5]), this pre-conception needs to be
urgently challenged.

3.7. Strengths and Limitations

This review was designed to take a systematic approach, using rigorous methods
and validated tools, following a pre-defined protocol. Positively, the participant samples,
in combination, represent a broad range of the target population encompassing males,
females, ethnical diversity and different levels of socio-economic status. However, it is
still possible that some studies containing pertinent data may not have been captured. It
is important to note that only studies published in English from one of the 37 countries
listed on the United Nations 2022 list of developed economies [51] were included, thus
limiting the extrapolation of findings to other countries. Future research should explore
and consider the specific environmental and cultural parameters and constraints of less
developed economies. Additionally, the quality of included studies varied. Whilst 11 met
100% of the MMAT quality criteria [30–34,36–39,41], two articles only met 40% of the
criteria [28,40], one met 60%, [42] and two met 80% [27,29]. It also became apparent during
the latter stages of the screening processes that studies containing the views of expectant
parents (terminology not agreed and included within the search terms by the team and its
wider collaborators) may have provided additional insight. As per the pre-defined criteria,
within this review, such studies (e.g., [52]) were duly excluded from the final analysis. It is
important to additionally highlight that the results for the theme ‘Beliefs and Knowledge’
are largely based on the findings of a single study [27], potentially introducing an element
of bias. Therefore, this needs to be considered when interpreting the results.

4. Conclusions

Physical inactivity is detrimental to health and well-being across the lifespan, making
the embodiment of healthy behaviours from the early years phase essential. The message
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from PA guidelines is consistent and has not changed since 2011 [53]; therefore, identifying
ways to help parents realise the potential of early PA is important. The findings within this
evidence synthesis provide valuable insights for practitioners and policy makers involved
in commissioning, designing, and delivering community-based PA opportunities for pre-
school children. To tackle physical inactivity and promote PA, developing strategies and
opportunities that acknowledge and seek to address the barriers identified and build on the
facilitators highlighted by parents, particularly surrounding infrastructure and affordability,
may be paramount.
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Abstract: The obesity epidemic among young people can be tackled through regular physical activity.
For this purpose, we developed and implemented a physical activity programme (PAP) that we
carried out in students’ free time during the school year 2018–2019. The target group consisted of
79 students with excess weight, aged between 12 and 15 years, selected from an initial sample of
495 students from 5 pre-university education units located in an urban area. That group followed a
differentiated PAP for 26 weeks. The impact of the programme highlighted the following points: the
average physical activity/week for the entire sample of subjects was 3.67 physical activities, with an
allocated time/week ranging from 1 h 30 min to 3 h; in terms of effort intensity, 7.70% of the activities
were performed at low intensity, 75.07% at medium intensity and 17.23% at submaximal intensity.
At the end of the programme, out of 79 subjects who were overweight/obese at the initial testing,
37 improved their body composition at the final testing, with a healthy BMI. It was also found that
there is a negative correlation coefficient (r = −0.23) between the time spent performing physical
activities and the BMI of the subjects.

Keywords: physical activity; programme; children and adolescents; excess weight; urban environment

1. Introduction

Physical activity habits have changed over the years, and today, increasing numbers
of young people are tending to become less active from a motor perspective, a fact that is
reflected in their lifestyles. The reality that current research reveals is that the evolution
of physical activity has stagnated in recent decades among all categories of citizens, and
the percentage of those who practiced but have stopped has increased alarmingly [1]. A
study on current trends in physical inactivity in adolescents was published at the end of
2019 [2]. This study pointed out that in 2016, overall, 81% of the respondents (adolescents
aged 11–17 years) were not physically active enough (77.60% of boys and 84.70% of girls),
and that by territorial socioeconomic level, the prevalence of physical inactivity in 2016
was 84.90% in underdeveloped countries and 79.40% in economically developed countries.

The reality of the situation, particularly in adolescence, applies to virtually any other
citizen, regardless of age or country of origin. About all of the above, by a relatively
simple differentiation, it can be said that some are more physically active, and others are
less likely to participate or to devote time consistently and significantly to this kind of
biological effort (physical, mental, emotional). Explanations along this line of selective
human behaviour are quite complex as the behaviours are multifactorially determined and,
to simplify things, most researchers, rightly perhaps, choose one or another of the possible
and relevant variables that determine physical activity or inactivity as the topic of study.
Therefore, there are studies that generally address the following variables: age [3–11],
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gender identity [1,10,12–22], socioeconomic and education level [23–31], personality char-
acteristics/motivation [12,15,32], social environment/family and friends [12,26,31,33], as
well as environmental setting [4,34–36], all of which can influence the level of physical
activity as a means of maintaining and/or improving health. Some of the variables listed
above are not changeable (such as age, gender), but the others can be altered to a certain
extent (level of education, subjects’ motivations, social and proximal environment in which
each individual lives).

Closely related to health, as a direct cause–effect relationship, is the concept of
lifestyle [37,38], presented as a subjective term, encompassing different aspects. One
of these is physical activity, which if performed with an appropriate frequency, intensity
and duration, is an integrated factor in the so-called healthy lifestyle, which decisively
contributes to the maintenance of health and quality of life [39]. In the same vein, any
physical exercise performed sporadically does not become part of a stable lifestyle, and its
beneficial influences cannot make their presence known.

Paradoxically perhaps, in this area of interest are taken as subjects of studies, to a
large extent, only young people, namely “normal” people, and those who practice should
be in the forefront of research attention; under these circumstances, it would be justified
to be young people/adolescents who for one reason or another have deviated from the
state of normality. Our study is also part of this category, which aims to support, in a
proactive manner, adolescents with excess weight (of nonendocrine nature), considering
that they are the first to either self-exclude or are excluded by others from the enjoyment of
physical activities and as a result are not the beneficiaries of this kind of habit, becoming,
in the not too distant future, those who will suffer from serious health conditions such as:
cardiovascular diseases, diabetes, immune deficit liver diseases.

Specialized studies approach the category of overweight subjects, in most cases,
through the prism of the subjects’ physical activity/inactivity and only through ques-
tionnaires. These are more of an observational nature, being “passive” studies that only
point out the problem in question. For example, there are international studies showing
an inverse relationship between physical activity and body fat [40–42] and the degree
to which physical inactivity contributes/predisposes to increased levels of overweight
among the infantile population compared with those who declare themselves physically
active [43]. Along the same lines, other studies using objective methods to assess physical
activity levels have shown negative associations between physical activity and the devel-
opment of excess weight, obesity and central/abdominal adipose tissue among children
and adolescents [44–46]. Similarly, in a cross-sectional study conducted with adolescent
schoolchildren [47], an inverse relationship was found between physical activity and body
weight. The results indicated that those who suffered from overweight and obesity spent
less time engaged in physical activity than adolescents with a normal body weight. In the
same observational manner, a Norwegian study [48] revealed that a substantial decrease in
the level of physical activity among adolescents led to a significant increase in body mass
index over the same period. Based on this argument, the authors of the study emphasize
the importance of maintaining physical activity levels in order to reduce negative trends
in body mass index growth. In Romania, research in this area has been largely of a con-
stative nature and, moreover, without any connection with physical activity, presenting
only statistical data either from interested institutions or researchers in fields related to
physical education and school sport. For example, in an urban study conducted in 2008 on
a group of 7904 children and adolescents in grades I-XII from 20 schools and high schools,
prevalences were shown of overweight of 12.84% and obesity of 8.29%. Adolescents in
this study had lower-than-average prevalences of, respectively, 7.66% for overweight and
3.81% for obesity [49]. In Timis, County (located in western Romania), according to another
study [50] conducted between 2010 and 2011 on a total of 3731 subjects aged 7 to 19 years,
the overall prevalence of overweight was 18.20% (boys, 20.70% and girls, 16.30%), and
that of obesity was 7.20% (boys, 9% and girls, 5.80%). Overweight was more common in
the urban areas, a percentage of 18.20%, compared with 17.90% in the rural area. Another

70



Children 2022, 9, 1638

observational study carried out over a period of 10 years (2006–2015) on 25,060 subjects
aged between 6 and 19 years coming from 8 counties in Romania [51] showed that 28.30%
of them had excess weight (obesity and overweight). The same study also finds that the
prevalence of excess weight in children and adolescents in urban areas (29.5% = 18.30%
overweight and 11.20% obesity; n = 20,137 subjects) is higher than that of children and
adolescents in rural areas (22.90% = 14% overweight + 9.90% obesity; n = 4923 subjects).
The examples are endless, but the important point is that in Romania, there is still little
emphasis on the health-generating value of physical exercise practiced in one form or
another continuously throughout life.

All this research, as well as other studies not mentioned here, is indeed a wake-up
call for responsible entities (institutional and nongovernmental alike), who must take
appropriate measures to prevent this globalized phenomenon, currently called the obesity
epidemic. For this goal, however, proactive actions/practices are needed, not only to
identify but, importantly, also to mobilize young people with excess weight in the constant
practice of physical activities, especially in their free time, following a proper methodology.
This is also the major goal of our study, which aimed to design and implement a physical
activity programme (PAP) exclusively for adolescents aged 12 to 15 years with excess
weight (overweight or obesity). Our working hypothesis was that the body mass index in
adolescents with excess weight would correlate with the total amount of physical activity
that the subjects performed in their free time in completing an average-duration physical
activity program.

Following the implementation of this programme, some results were obtained that we
consider encouraging. They offer real/objective perspectives on improving the body mass
index for the study subjects according to their proactive attitudes toward these kinds of
activities. The data highlighted for each subject how much time they dedicated to physical
activities (sequentially averaged/day/week/month and overall for the 6 months) and
what type of activities they enjoyed, as well as with what effort intensity they chose to
perform their preferred activities. These data were finally correlated with the body mass
index to demonstrate the existence or nonexistence of relationships there between.

2. Materials and Methods
2.1. Methodology of the Physical Activity Programme

The physical activity programme (PAP) was created at our initiative as an operational
model that could be disseminated among students with excess weight according to BMI and
benefited, for the implementation of its contents, from the guidance of several specialists
and volunteers in the field of sports science and physical education from the Transilvania
University of Brasov Faculty of Physical Education and Mountain Sports. In order to be
able to cover the entire range of activities related to our study, starting with the initial
and final anthropometric measurements, the presentation and implementation of the PAP
programme, as well as the monitoring/evidence and centralization of activities, we turned
to the help of 5 physical education teachers from the subjects’ schools of origin, as well as
to a university professor (teacher), and last but not least, to 5 students from our institution,
from the study program Kinetic Therapy and Special Motricity.

In addition, we followed the recommendations of the World Health Organization
(WHO) regarding the characteristics of our target group (young people with excess weight),
namely at least 60 min/day of moderate to vigorous physical activity. When designing
the PAP, it was also taken into account the idea that physical activity should be mostly
aerobic but include other types of activities that contribute to the strengthening of the
musculoskeletal system [52].

To select the subjects for our research, we performed anthropometric measurements
on a larger group of students (Section 2.3) from among whom we extracted those with
excess weight. Specifically, we measured height with a thaliometer and weight with
an electronic scale, respecting the recommended methodologies in both measurement
procedures, including regarding the summary clothing of subjects and lack of footwear.
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We next used these measurements to calculate the body mass index (BMI) of each subject
(according to the formula: BMI = weight/height2), thus obtaining the sample of subjects
targeted in our approach.

In developing the methodological guidelines of the PAP, we started from the assump-
tion/recommendation that, in general, children and adolescents (6–17 years) with excess
weight and/or who are usually physically inactive may not be able to practice 60 min of
moderate (according to WHO) let alone increased physical activity. In this context and for
our subjects, we felt that they should start in the PAP with moderate intensity physical
activity and gradually increase the frequency and time allocated to physical activity to reach
the target of 60 min of physical activity/day after a reasonable period of time. Therefore, it
was suggested that for the activities carried out with higher intensity, the students should
progressively incorporate them into their individual activity plans until they can perform
high-intensity activities 2–3 times/week.

In the model PAP, which was designed for 26 weeks and distributed to students
to guide their choices, 5 weekly sessions of physical activity were proposed, with an
intensity generally between 60 and 70% of the maximum heart rate/subject. During these
sessions, we suggested for the weekend physical activities carried out in nature (hiking,
cycling, sports orientation, etc.), all with a marked aerobic energy substrate and usually
recommended for subjects with excess weight.

Additionally through the designed programme, we wanted to ensure that physical
activity/exercise was not abandoned during the study, thus combating the sedentary
lifestyle so common today at these ages. At the same time, the programme was devel-
oped in such a way as to allow the participants to modify its contents according to their
personal preferences.

The physical activity volume, in terms of frequency, the intensity of physical effort
and the duration and type of physical activity chosen, was monitored through the physi-
cal activity journals that we designed and distributed to the students. Periodically, from
these journals, the different quantitative indicators needed for the processing of the ex-
ecutive/practical components of the study were extracted. The students recorded their
frequency of physical activities, duration and activity type after each execution in tables in
their journals.

In the case of identifying the zones of physical effort (low, aerobic 1, moderate, aerobic 2
and submaximal, aerobic–anaerobic), recorded in the same format of the journal, the
subjects were asked to self-determine their heart rate (either by measuring the heart rate by
palpating it at the level of the radial artery or by downloading the Heart Rate Monitor-Pulse
App from any type of smartphone from the Play Store menu) at 6–8 min after starting
an activity, as well as at 15, 20 and/or 30 min (depending on the type of activity), finally
averaging the 2 or 3 values obtained. As indicative values for framing the effort intensity
zones for ages 12–15 years, we chose the intervals: 130–150 rpm (low); 155–170 rpm
(moderate); >175 (submaximal).

Due to the variety, attractiveness and fun that the physical activities of PAP can gener-
ate, we encouraged family and friends, even if they were not overweight, to participate
together with the subjects to support, encourage and motivate them in their efforts to
complete their activities.

Regarding the locations for practicing physical activities that make up the PAP (these
being extracurricular activities), the following were suggested to students/their parents:
spaces in one’s own school, neighbourhood or home, a park or any other accessible public
space that offers physical safety and has a purpose that allows the practice of these types
of activities.

All this information, as well as the benefits of completing the PAP, were presented
at the beginning of the school year (September 2018, after the target group was created),
within the pre-university education units involved in the study: physical education teachers,
students and their parents, from which the acceptance agreement was obtained. As a result,
the study was conducted in accordance with the Declaration of Helsinki and approved by
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the Institutional Examination Board of the Faculty of Physical Education and Mountain
Sports of the Transilvania University of Brasov (No. 243 from 26 September 2018), and
informal consent was obtained from all subjects (the parents of the 79 students) involved in
the study.

As a final clarification regarding the methodological aspects of the application of the
PAP, we would like to mention that all the proposed activities were chosen in such a way
as to have a non-competitive character, thus encouraging the development of confidence
in one’s own strengths, without favouring the manifestation of inferiority complexes and
with the contents adapted to individual motor/physical capabilities.

2.2. Presentation of the Contents and Structure of the Physical Activity Programme (PAP) for
Schoolchildren with Excess Weight

The PAP was designed on 4 modules of physical activities: aerobic endurance; strength
and muscular endurance; flexibility and weekend activities. Please note that these mod-
ules were not randomly selected. Their development was based on the recommendations
of several studies carried out internationally that indicate that these types of activities
are the most effective for adolescents. It is considered that from a physiological point of
view, children and adolescents (6–17 years) adapt easily to physical activities practiced
to develop muscle strength and endurance [53,54], aerobic endurance [55,56] and flexibil-
ity/mobility [57,58]. However, because the musculoskeletal system is still immature at this
age, children and adolescents should not engage in excessive amounts of high-intensity
physical activity.

Within each programme out of the 4 proposed, for each physical activity, we estimated
the total caloric consumption generated by its execution. These values were obtained
experimentally by measuring the MET (the metabolic equivalent of a task/activity) in
an obese 13-year-old girl weighing 70 kg and an overweight 15-year-old boy weighing
67 kg. Please note that MET is the unit of measurement for oxygen consumption, and for
calculating the total calories consumed/physical activity, the oxygen consumption and the
body weight were used, in addition to other parameters such as age, stature and total time
dedicated to physical activity. The calculator used to obtain these data is available online at
https://healthyeater.com/calories-burned (accessed on 3 October 2018). Regarding the
weekend activities module, in order to estimate the caloric burns occurring in the body,
we took into account constants such as: body weight, distance covered (in kilometres),
type of terrain (presence of uphill and/or downhill sequences) and level difference. The
calculator used is available online at: https://caloriesburnedhq.com/calories-burned-
hiking/ (accessed on 5 October 2018).

Table 1 present the main indicators of each module.
These modules of the PAP represent diversified offers for physical effort. Due to this

fact, they are not of interest in terms of their contents (which are obviously different) but
more for the relevant indicators they develop, such as: the number of activities carried
out/subject, their average duration/week and the intensity zones in which they fall.

As a way of presenting the PAP document to the students, physical education teachers
and the students’ parents, each module included: preamble, objectives, application require-
ments/recommendations and methodological conditions (as appropriate) and examples of
activities in different intensity steps with the equivalent in caloric burn.

From a longitudinal perspective, the model PAP, designed over an effective duration of
6 months (26 weeks effectively), was divided into 4 sections with different steps/purposes
of action as follows: weeks 1 to 4 (the settling-in period); weeks 5 to 8 (the development
period); weeks 9 to 12 (the optimization period); weeks 13 to 26 (the completion period).

Each physical activity session (regardless of the module chosen) consisted of 3 parts
that were recommended to students, namely:

1. A body preparation phase (warm-up) lasting 5–10 min, consisting of 4–5 min of brisk
walking/running/cycling, etc., followed by dynamic joint mobility exercises, 5–6 min.
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2. A main part, lasting 20–30 min, in which exercises on a suitable energy substrate/activity
are combined to develop fitness (depending on the module chosen).

3. A body recovery phase after exercise (winding down), lasting 5–10 min, which is
important for lowering the heart and breathing rates and is achieved by performing
a active physical mobility exercises (stretching), static and/or dynamic, to avoid
muscle pain.

Table 1. PAP program features.

PAP—Aerobic Endurance Module

Session Frequency Intensity Dosing Type of Activity

5–7 times/week
Moderate-high

130–150 heartbeats/min.
155–170 heartbeats/min.

15–60 min/session
(With an upward dynamic

in volume)

Running, skating, cycling,
swimming, cross-country skiing

or any other cyclical
physical activity

PAP—Strength and Muscular Endurance module

Session frequency Intensity Dosing Type of activity

at least 3 times/week Moderate
130–150 heartbeats/min.

8–10 repetitions; 8 to
10 exercises/set of exercises

A wide range of exercises for
harmonious physical

development, toning and
muscle trophicity.

PAP—Flexibility module

Session frequency Intensity/Amplitude Dosing Type of activity

at least ≥3 times/week There must be no pain

Dynamic exercises—Position
must be held for 4–5 s,

3–5 repetitions
Static exercises—Position must be

held for 10–20 s.

Pilates stretching
(Active and combined)

PAP—Weekend activities module

Session frequency Intensity Dosing Type of activity

1 time/week Moderate
130–150 heartbeats/min.

Depending on the chosen route
(2 to 4.2 km)

Hiking,
Theme parks

2.3. Research Subjects, Inclusion/Exclusion Criteria

The experiment was conducted from September 2018 to June 2019. The target group
for the study consisted of 79 subjects with excess weight (38 girls and 41 boys) from
General Schools No. 11, No. 13, No. 15, No. 19 and No. 30 of the Municipality of Brasov,
aged between 12 and 15 years. In the 5 educational units, we had access through the
collaboration protocol concluded between our academic institution and the Bras, ov County
School Inspectorate (partnership agreement no. 298/18 October 2017). The selection of
subjects was targeted on multilayered sampling to cover a varied population in terms of
age and gender. From an initial group of 494 pupils, the eligible population was selected:
79 subjects with excess weight (52 overweight subjects, group SP, and 27 obese subjects,
group O). We divided the final study sample into 4 subgroups for analysis and comparison:
obese girls; obese boys; overweight girls; overweight boys).

• Inclusion criteria: pupils from secondary school (grades V–VIII); obesity: BMI ≥ 95th
percentile (+2SD) for gender and age; overweight: 85th percentile ≤ BMI < 95th
percentile (+2SD) for gender and age; possibility of monitoring and evaluating the
results by completing the proposed physical activity programme.

• Exclusion criteria: impossibility to monitor subjects; refusal of parents and/or students
to participate in the study.
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2.4. Statistical Methods Used in Research

The processing and interpretation of the collected data was carried out using the
Statistical Package for the Social Sciences Program (SPSS version 25.0; IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Identification of Subjects with Excess Weight at the Initial Measurement

Tables 2 and 3 present the distributions of the students’ height and weight at the initial
measurement, respectively.

Table 2. Distribution of height in the target group–initial testing.

Statural Classification Frequency Percentage Percentage of
Measured Subjects

Cumulative
Percentage

Height (cm)

Hyperstatural 1 1.30 1.30 1.30
Normostatural 74 93.70 93.70 94.90
Hypostatural 4 5.10 5.10 100

Total 79 100 100

Table 3. Distribution of weight in the target group–initial testing.

Body Weight Classification Frequency Percentage Percentage of
Measured Subjects

Cumulative
Percentage

Weight (kg)

Extra Heavy Weight 23 29.10 29.10 29.10
Healthy weight 56 70.90 70.90 100
Very low weight 0 0.00 0.00

Total 79 100 100

Table 3 indicates that most of the subjects had a heathy body weight and only about
one-third had a very high body weight. However, calculating the body mass index showed
that all subjects had excess weight (Table 4).

Table 4. Distribution of initial body mass indices by gender.

BMI (kg/m2) Total
Overweight Obesity

Gender
Girls

Frequency 25 13 38
Percentage (%) 65.80% 34.20% 100%

Boys Frequency 27 14 41
Percentage (%) 65.90% 34.10% 100%

Total
Frequency 52 27 79

Percentage (%) 65.80% 34.20% 100%

The subjects’ distribution by grade is as follows: 15 students (18.99%) were in the
5th grade, 16 students (20.25%) in the 6th grade, 23 students (29.11%) in the 7th grade
and 25 students (31.65%) in the 8th grade. In terms of age, the oldest students were the
8th-grade students, with an average age of 15 years; followed by the 7th-grade students,
with an average age of 14 years; 6th grade, average age 13 years; and 5th grade, average
age, 12 years.

At the end the physical activities programme (April 2019), we collected a significant
amount of data in the following areas: volume of activity performed/subject, expressed
as the number of activities performed; time allocated to physical activities (expressed in
minutes and hours); the intensity of the physical activities; and the subjects’ actual choices
of the activities provided in the PAP. Below, we present the findings according to the four
student subgroups: overweight boys and girls and obese boys and girls.
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3.2. Average Volume/Frequency of Physical Activities Performed According to the Body Mass
Index and Gender of Subjects, Post-Impact PAP

Over the 26 weeks, overall, the subjects in our study (the 79 subjects—38 girls and
41 boys) performed an average of 95.36 physical activities/subject, the fewest being 64 and
the most, 124 (Table 5), for an average for the entire sample of subjects of 3.67 physical
activities/week. This result was obtained by dividing the average physical activity/subject
(95.36) by the duration of the PAP (26 weeks).

Table 5. Total physical activity by body mass index and gender.

BMI Gender N
Frequency
Average

Standard
Deviation

Average
Standard Error

95% Conf. Range
Minimum MaximumMin. Max.

O
Girls 13 96.38 21.02 5.83 83.68 109.09 73 123
Boys 14 85.07 13.30 3.55 77.39 92.75 69 123

Total 27 90.72 18.04 3.47 83.38 97.66 69 123

SP
Girls 25 100.60 13.92 2.78 94.85 106.35 75 124
Boys 27 95.37 18.87 3.63 87.91 102.83 64 124

Total 52 97.98 16.72 2.32 93.23 102.54 64 124

O = obesity; SP = overweight.

It can also be observed that based on the body mass index, over the entire duration of
the programme, obese girls performed more activities on average than obese boys, a fact
found also in the case of overweight girls in relation to overweight boys (Table 5).

Both overweight boys and girls performed more physical activities than the obese
girls and boys by an average difference of 7.36 activities. Over the 6 months of the
programme, the 79 students performed a total of 7534 activities, an overall average of
3.67 activities/week/subject. Figure 1 presents their activities by month. It can be ob-
served that most physical activities were carried out in April, while the fewest were carried
out in November.
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Figure 1. Distribution of the total number of physical activities /month.

3.3. Averages/Subgroups of the Time Allocated to the PAP Sessions

The total amount of time dedicated to the PAP was calculated for the entire period of
the programme (1 November 2018–30 April 2019), according to the body mass index and
gender of the subjects concerned. On an overall level (79 subjects), the time dedicated to
the physical activity programme shows an increasing trend from month to month: from a
total of 916 h 8 min in November 2018 to a total of 1101 h 10 min in April 2019. In obese
subjects, girls spent more time on physical activity (983 h 24 min) than boys (883 h 57 min).
In the case of overweight subjects, girls (1990 h 29 min) and boys (1976 h 23 min), allocated
approximately the same total amount of time to the program. Table 6 presents average

76



Children 2022, 9, 1638

times spent on the physical activities according to weight group (obese or overweight) and
time interval (between 1 h 30 min–2 h 29 min and ≥3 h), as well as their number/activity
time interval/week (Table 6 and Figure 2).

Table 6. Distribution of total weekly time spent on physical activity by weight group and
time interval.

BMI (kg/m2) Quantitative
Indicators

Average Time Volume/Week Dedicated to the Physical
Activity Programme by Subject/Group Total

≥1 h ≥1 h
29 min

1 h 30 min–2 h
29 min

2 h 30 min and
2 h 59 min ≥3 h

Groups
Overweight Frequency (N) 0 0 10 21 21 52

Percentage (%) 0.00% 0.00% 19.20% 40.40% 40.40% 100%

Obese
Frequency (N) 0 0 17 3 7 27
Percentage (%) 0.00% 0.00% 63.00% 11.10% 25.90% 100%

Total
Frequency (N) 0 0 27 24 28 79
Percentage (%) 0.00% 0.00% 34.20% 30.40% 35.40% 100%
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Figure 2. Distribution of total weekly time spent on physical activity.

3.4. Averages/Subgroup Effort Intensity of the Physical Activities

To determine the average of the physical activities/subject according to the intensity
of the physical effort, we cumulated the frequency of the physical activities performed
(percentages) by each subject, and subsequently, divided the obtained result by the total
number of subjects corresponding to each of the 4 subgroups.

The collected data highlight the fact that during the 26 weeks of activity, in the group
of obese girls (13 girls), out of the total of 1253 physical activities performed, 98 were
performed with a low intensity of physical effort, 964 were performed with an average
intensity and 191 were at submaximal intensity. The percentages physical activities/effort
zones for obese girls are shown in Figure 3a.

In overweight girls, out of the total of 25 subjects, we found that out of the total of
2515 physical activities carried out, 158 were performed with a low intensity of physical
effort, 1917 with an average intensity and 440 at submaximal intensity. In Figure 3b, these
data are presented as percentages.
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In the subgroup of obese boys (14 subjects), out of the total of 1191 physical activities,
129 were performed with a low intensity of physical effort, 886 with an average intensity
and 176 with a submaximal intensity. The corresponding percentages are presented in
Figure 4a.
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In overweight boys, out of the total of 27 subjects, out of the total of 2575 physical
activities, 195 were performed with a low intensity of physical effort, 1898 physical activities
with an average intensity and 482 at submaximal intensity. The corresponding percentages
can be found in Figure 4b.

Table 7 presents the 52 overweight and 27 obese (at initial measurement) study subjects’
numbers of physical activities (AF), their percentages (%) and the intensity zones of the
activities (A, B, C).

Table 7. Total number of performed physical activities by gender, weight group, and intensity of the
physical effort.

BMI
(kg/m2)

Gender No. of Subjects Freq. N/AF
Total

A B C

overweight

Girls 25 No. AF 158 1917 440

% 6.28% 76.22% 17.50%

Boys 27 No. AF 195 1898 482

% 7.57% 73.71% 18.72%
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Table 7. Cont.

BMI
(kg/m2)

Gender No. of Subjects Freq. N/AF
Total

A B C

Total 52
No. AF 353 3815 922

% 6.94% 74.95% 18.11%

obesity

Girls 13 No. AF 98 964 191

% 7.82% 76.94% 15.24%

Boys 14 No. AF 129 877 185

% 10.83% 73.64% 15.53%

Total 27
No. AF 227 1841 376

% 9.29% 75.33% 15.38%

Total
79 No. AF 580 5656 1298

% 7.70% 75.07% 17.23%
A = low intensity, B = medium intensity, C = submaximal intensity, AF = physical activity.

3.5. Types of Activities Chosen by the Study Subjects

Figures 5a,b and 6a,b present the percentages of participants in each activity module
for the obese and overweight girls and boys, respectively, for all 79 subjects.
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girls (a), obese boys (b).
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The data reflect the fact that all students, regardless of their subgroup, liked the
physical activity modules in the following order: 1. aerobic endurance; 2. strength and
muscular endurance; 3. flexibility; 4. weekend activities.

3.6. Interpretation of Final Results

At the end of the 6-month programme, we again measured the students’ height and
weight and again calculated body mass index for the subjects in the four subgroups in
order to ascertain if there are, especially in the latter parameter (BMI), significant changes
resulting from the effect of the continued practice of physical exercise.

• In the final testing, the majority of the subjects measured, namely 75 subjects, had a
normal stature index (Table 8).

• In the final measurement of weight, the students showed an average body weight of
66.57 kg, and the results deviate from the average by 12.13 kg. The majority of the
subjects measured (77 subjects) had a normal body weight, and only 2 subjects still
had a high body weight relative to age (Table 9).

Table 8. Distribution of height in the target group–final testing.

Statural Classification Frequency Percentage Percentage of
Measured Subjects

Cumulative
Percentage

Height (cm)

Hyperstatural 1 1.30 1.30 1.30
Normostatural 75 94.90 94.90 96.20
Hypostatural 3 3.80 3.80 100

Total 79 100 100

Table 9. Distribution of weight in the target group–final testing.

Body Weight Classification Frequency Percentage Percentage of
Measured Subjects

Cumulative
Percentage

Weight (kg)

Extra Heavy Weight 2 2.50 2.50 2.50
Normal weight 77 97.50 97.50 100

Very low weight 0 0.00 0.00
Total 79 100 100

There were no significant differences between boys and girls in either height or weight
at both the initial and final testings. The majority of the subjects out of the total of 79
(38 girls and 41 boys) were of normal height and of weight within normal limits.

• The analysis of the body mass index at final testing reveals the BMI at the time of final
testing by gender. Basically, in order to centralize the results, we defined the categories
of subjects according to the new body mass indices obtained after participating in the
PAP. Out of the total of 38 girls identified at the initial testing as having excess weight
(25 overweight girls and 13 obese girls; see Table 4), at the final testing (Table 10)
after completing the PAP, 23 girls acquired a healthy BMI, 9 girls were classified as
overweight and 6 girls were obese. In boys, out of the total of 41, initially 27 overweight
and 14 obese (Table 4) in the final testing (after completing the PAP), 14 boys reached
a healthy BMI, 17 boys were classified as overweight and 10 boys as obese.

Regarding BMI, determined at the initial and final testings, it can be noted that at the
initial test, 52 overweight subjects were recorded, and at the final test only 26 students
remained classified as overweight. At the same time, of the 27 subjects identified with
obesity at initial testing, only 16 subjects still showed obesity on final testing (Figure 7).

With regard to body mass index by gender, as determined in the initial and final
testings (Figure 8), it can be observed that:
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Table 10. Distribution of body mass indices at the final testing.

BMI Classification Frequency Percentage Percentage of Evaluated
Subjects

Cumulative
Percentage

BMI (kg/m2)

healthy 37 46.80 46.80 46.80
overweight 26 32.90 32.90 79.70

obesity 16 20.30 20.30 100
Total 79 100 100
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Figure 7. Body mass index distribution in initial and final testing for the target sample.
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Figure 8. Distribution of initial and final body mass indices for the target sample by gender.

• In the initial testing, 25 girls were identified as overweight, while in the final testing,
only 9 girls were still overweight;

• In the case of overweight boys, in the initial testing, 27 boys were overweight, and in
the final testing, 17 boys with overweight were identified;

• In the case of obese girls, 13 girls were recorded with obesity at the initial testing, and
6 girls were obese at the final testing;
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• For obese boys, 14 were identified in the initial testing, while in the final testing, only
10 boys had obesity;

• Out of the total number of subjects (79), at the final testing, 37 subjects with a healthy
body mass index were reported (23 girls and 14 boys).

• In concluding this study, we wanted to determine whether there was a relationship
between body mass index (acquired at the time of final testing) and the total amount of
time allocated by the subjects with excess weight to the physical activity programme
(PAP). Thus, the materiality threshold (p = 0.04) obtained in the bivariate analysis
between the BMI determined at the final testing on the one hand and the total amount
of time devoted to PAP on the other hand shows that there is a statistically significant
correlation. As we can see, this correlation is reversed (r = −0.23), which allows us to
state that in the entire sample (79 subjects with overweight and obesity), a higher body
mass index was associated with less time dedicated to the physical activity program
(PAP) (Table 11 and Figure 9).
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Table 11. Results of the Pearson correlation analysis between the body mass index determined at
final testing and the total amount of time devoted to the physical activity programme (PAP).

BMI-TF VT. PAP

BMI-TF
Correlation coefficient 1 −0.23

Materiality threshold (p) 0.04
N 79 79

VT. PAP
Correlation coefficient −0.23 1

Materiality threshold (p) 0.04
df 79 79

The correlation is significant at a threshold of 0.05; BMI-TF = body mass index determined at final testing; VT.
PAP = total amount of time dedicated to the physical activity programme.

Furthermore, the statistical analysis using the chi-squared test shows that there is a
significant difference in the sample selected to participate in the PAP based on body mass
index in terms of the total amount of time spent weekly on physical activities (χ2(9) = 19.33,
p = 0.02). Along the same lines, the analysis of the data with the help of Fisher’s exact test
leads us to the conclusion that there is a significant difference (Fischer’s exact probability
p ≤ 0.001) in the total amount of time spent per week on physical activity between obese
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subjects (27 subjects, 13 girls and 14 boys) and overweight subjects (52 subjects, 25 girls
and 27 boys) (Table 12). In other words, our study shows that overweight subjects (girls
and boys) devoted more time to physical activity than obese students.

Table 12. Statistical significance of the total amount of time devoted weekly to the physical activity
programme based on excess weight category and gender.

Value Degrees of Freedom p

Pearson Chi-Square 16.01 2 0.001
Fisher’s Exact Test 15.53 0.001

Valid responses 79

The data presented confirm, from a statistical and mathematical point of view, our
working hypothesis, which we mentioned in the introductory part of the study.

4. Discussion

In Romania, the National Center for Evaluation and Promotion reported on the state
of health (CNEPSS) for the 2016–2017 school year (study published in 2018), centralizing
data regarding the prevalence of chronic diseases found in preschoolers and students, and
highlighted the fact that in the second place is obesity of nonendocrine causes in both urban
and rural areas [59]. For the urban environment, the following values are presented: 66.95%
of children and young people are healthy weight, 21.75% are overweight and 11.3% are
obese. Analysing the preliminary sample from our research, the data show us that of the
total number of subjects measured (n = 494), a percentage of 84.01% are healthy weight
and 15.99% are overweight, of whom 10.54% are overweight and 5.46% obese. As can
be seen, our sample falls into lower values of excess weight compared with the national
averages for Romania. We believe that this difference is due to the geographic area of the
city where the measurements were made. Bras, ov is one of the biggest mountain tourist
towns in Romania, with a multi-ethnic population, where there is a certain culture of
practicing physical activities. This fact can be an argument for the mentioned differences.
On the other hand, also for Romania, the World Obesity Federation estimated in 2016 that
4% of girls and 9.20% of boys aged 10–19 overweight /obese, thus resulting in a sum of
13.2%. Comparing this value with that of our sample (15.99%), which fits into a narrower
age range (12–15 years), we can consider that the two means are quite close. Also, the
same source [60] estimates that in the year 2030, in Romania, approximately 14.30% of the
population aged 10–19 will be obese, and our initial value, related to the excess weight of
the subjects, was 15.99%. At the end of the PAP, this percentage dropped significantly, to
8.50% (42 subjects with excess weight out of n = 494), with a difference of almost half of the
initial percentage, 7.49%. In this context, we can say that the independent variable through
which we intervened and which we monitored was given only by the continuous practice
of physical activities (through PAP), and this fact determined an improvement in the body
mass index at the level of the majority of the targeted subjects.

Regarding the number/frequency of physical activities recommended for children
and adolescents, it is true that the World Health Organization [52] recommends practicing
at least 60 min/day of moderate to high intensity physical activity (vigorous). We did not
succeed in reaching this level of participation with our subjects, our average of physical
activities/week having a frequency of 3.66 (global value). However, the same source
believes that currently there is no clear evidence of an association between physical activities
and managing a healthy weight, and more research is needed to determine the level of
association between them. Our study, based on the collected data, is also oriented towards
this shortcoming, and the statistical correlation that emerged as a result of our calculations
(r = −0.23) shows that the students in our interventions with higher body mass indices
spent less time dedicated to the physical activity program (PAP). In this context, also in the
direction of those indicated previously, we found through the obtained data that there was
a statistically significant difference (p ≤ 0.001) in terms of the total time dedicated weekly
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to the PAP between obese and overweight subjects. In other words, our study shows that
overweight subjects (girls and boys), who in general allocated a higher proportion of time
to PAP activities (80.80% in the intervals of 2 h 30 min and 2 h 59 min or ≥3 h), than the
obese (37%), achieved a more significant improvement in body mass index in relation to
the obese, a fact that can be considered as representing an association between physical
activity and a healthy weight.

Regarding the contents of the four modules within the PAP (aerobic endurance;
strength and muscular endurance; flexibility; weekend activities, mostly aerobic 1), the
final results of our research show that they were correctly chosen, being effective for the
intended purpose, and confirm the correctness of the recommendations offered by some
specialized studies that consider that children and adolescents (6–17 years) can easily adapt
to physical activities practiced in order to develop strength and muscular endurance [53,54],
aerobic endurance [55,56] and flexibility/mobility [57,58].

Regarding the intensity zones of effort that we agreed on for the PAP, they are also
supported by the recommendations of extensive specialist studies [61]. Thus, in these
informative documents, for children and adolescents between 5 and 17 years of age, not
only physical activities of moderate intensity but also physical activities of high intensity
carried out at least 3 times a week including muscle strength exercises are recommended.
We, through the PAP, offered to adolescents the opportunity to perform activities (regardless
of their content) with the possibility of performing them in three intensity zones (low,
moderate and submaximal). Monitoring this aspect during the 26 weeks, we found that
overall, the intensity zone where the most activities were performed was the moderate one
(75.07% of the total PAP activities), followed by the submaximal one (17.23%) and the one
with low intensity (7.70%). Compared with the previously mentioned recommendations,
our study does not fully comply with the provision for high-intensity physical activities,
but taking into account the fact that the 79 subjects were all with excess weight at the
beginning of the intervention and the source reference is given for those of healthy weight,
we still consider that the indication in question was respected to a certain extent, and it
follows that in the future, one should insist on performing physical activities that require a
more sustained effort.

One last aspect we would like to point out is adolescents’ physical activity according
to gender. Summarized data [21] referring to 20 studies from different countries found
that in children and adolescents, boys in all countries were more active than girls. Along
the same lines, [12] it was found that girls practice less physical activity regardless of
the age analysed (from 11 to 16 years). According to the authors, for a long time, the
socialization process has caused sports inhibition among girls because sports have been
labelled a “male activity”.

Compared with the mentioned considerations, through the data of our research, we
did not notice these differences in attitude between the 38 girls and 41 boys (79 subjects)
included in the PAP. Our claims are based on the cumulative data obtained on the number of
physical activities performed within the PAP, throughout the monitoring period (26 weeks).
Thus, from the total of 7534 physical activities completed, the boys performed 3766 activities
and the girls 3768. This equality in the data is given, we believe, by the way we constantly
promoted and motivated the subjects (especially through the five physical education
teachers who centralized the weekly records of the activities) to practice physical activities
in view of our common goal, to improve the excess weight. We believe that the most
important factor to consider when it comes to changing physical activity behavior is
motivation, which is the inner force that determines the completion of a task for which a
commitment has been agreed on.

Our study, admittedly conducted on a more specific sample, namely monitored ado-
lescents with a certain level of excess weight, showed, we believe, that there are no major
differences between the levels of participation of girls and boys in PAP activities and even
in the types of agreed-on/accessed modules according to the centralized self-reports.
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As a general educational aspect, we are also not sure whether it is a good idea, from
a pedagogical perspective, to group students in physical education lessons as a constant
organizational form of directed motor activity according to normal and overweight cate-
gories and compare the manifested attitudes. After all, all children and adolescents are
ours (from a didactic perspective), and we are therefore bound to support them in their
own training. Perhaps even based on this idea, we decided that the activities in our study
should be carried out in the students’ free time and differentiated according to their in-
terests and enjoyment. We believe that when those responsible (we refer primarily to
physical education teachers) adopt a positive pedagogy in their training approach (whether
formal or non-formal), encourage the students, motivate them, show persuasive power
through relevant arguments formulated according to the student’s level of understanding,
constantly highlight each student’s progress, support the student in their most difficult
moments, keep in touch with the students’ families, adopt social learning techniques
through movement, etc., the results and attitudes towards physical activities can be sur-
prising. Thus, first in our minds, then in the minds of teachers, and from there through
the education provided to all young people and their families, the ideas that discriminate
between the two sexes with regard to the practice of physical exercise in any form will
fade over time, and even more, the psychological boundary given by the criteria of body
mass index will be eliminated, everything being redirected towards the real pleasure that
movement can generate for all regardless of age, body weight and any other criteria of
human segregation.

5. Research Limitations

The present study is only one section of a larger research project that also includes
dietary aspects of students with excess weight, as well as measuring the levels of physical
fitness in this target group before and after the impact of the physical activity programme.
Due to lack of space, we have not been able to synthesize all the data we have available.
The study is also focused on a selective sample in terms of inclusion criteria and limited in
terms of number of participants, which is why the data presented need to be confirmed by
other more comprehensive studies from a quantitative point of view and possibly extend
to the rural school population.
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Abstract: In cerebral palsy (CP) the basis for rehabilitation comes from neuroplasticity. One of the
leading therapeutic approaches used in the management of CP is the NDT Bobath therapy and
Vojta therapy consists in trying to program the ideal movement patterns for the age. The aim of
our research was to analyze, from a functional point of view, the evolution of the biomechanical
parameters characterizing the balance, in children with CP. The group of 12 subjects average age of
7 ± 3.28 years. The subject’s evaluation included a functional clinical evaluation by Berg pediatric
scale and a biomechanical evaluation performed using the “Stabilometry footboard PoData 2.00” for
evaluation the body weight distribution on the foot level. The rehabilitation program was developed
based on two methods, NDT Bobath and Vojta. A 90-min physiotherapy session starts with a Vojta
therapy activation, for 20 min. Between the two therapies there is a 10-min break, then the session
continues with NDT Bobath exercises within the 3 physical exercises proposed for 60 min. 5 days per
week, 6 months. The analysis of the data collected before and after the application of the rehabilitation
program, regarding the using the Berg scale indicates a progress of 32.35%, (p = 0.0001 < 0.05) and the
effect size is large. The evolution of the data that indicate the distribution of body weight at the level
of the two lower limbs, at the two moments pre/post, evaluation. For left side a progress of 8.39%,
(p = 0.027 < 0.05) but a small effect size of 0.86. For right side a progress of 10.36% (p = 0.027 < 0.05)
and also a small effect size of 0.86. Analyzing the results, we find that there is a left-right rebalancing
in most patients. The favorable results that were obtained by drawing up a physiotherapy program
composed of the combination of the two Vojta and NDT Bobath methods are proof of the fact that
both methods are based on the creation of a stimulating peripheral pressure, which, if maintained,
generates an extended stereotyped motor response. A pattern of symmetrical muscle contraction is
thus created and thus balance and postural control can be achieved. The left-right rebalancing, proven
by the percentage distribution analysis of the weight at the lower segmental level, demonstrated
that the body alignment approach through the Vojta method on the one hand and the inhibitory
facilitating postures/exercises promoted by the NDT Bobath method, allows obtaining a symmetry.

Keywords: cerebral palsy; balance; therapy activation; rehabilitation

1. Introduction

Neuroplasticity refers to the central nervous system’s ability to change, and this change
is not singular for central nervous system (CNS) injuries or in response to rehabilitation
protocols. Neurons have the ability to change their structure and function depending on
the inputs generated by activity and learning; in fact, neural change is the basis for memory
and behavioral change that results from experience [1]. Plasticity takes place constantly,
regardless of whether we are subjected to intense training or not. In addition, plasticity can
be positive (adaptive) or negative (maladaptive). The central nervous system (CNS) has an
innovative capacity to recover and to adapt to the compensatory mechanisms following an
injury [2]. The basis for rehabilitation comes from neuroplasticity, defined as the ability of
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neural network to make adaptive changes at both structural and functional levels, ranging
from molecular, synaptic and cellular changes to global network changes [3]. Human
balance and gait are the most complex tasks that require the coordination of different
neural network in the brain, brainstem, cerebellum and spinal cord [4] and they can recover
function after injury/insult to any of these structures by applying methods that indirectly
use neuroplasticity. Moreover, the activity of muscles and joints involved in walking
and balance will be controlled via the descending motor tracts [5], while and important
intervention for gaining balance is achieved through the pyramidal tracts (corticospinal
tract) and the extrapyramidal tracts (vestibulospinal tract) [6,7].

Cerebral palsy (CP) is a pathology that may involve an interruption of the descending
tracts. It is caused by a non-progressive disorder of the brain that occurred during the
fetal or developing infant period. This disorder can cause certain permanent limitations
of posture and movement [8]. One of the major challenges for children with infantile
cerebral palsy is spasticity which causes a deficit of balance and gait [9]. In these cases,
neuroplasticity is the key to functional recovery. Physiotherapists therefore need to under-
stand the impact of rehabilitation on neural reorganization during recovery. Many of the
neurosciences researched over the past 3 decades and more recently have been focused on
understanding the physiological mechanisms underlying neuromotor recovery, as well as
its determinants, so that we can maximize the effects of applied treatments [10]. However,
there are fewer studies that have reported the results of objectifying the application of
recovery methods that activate neuroplasticity.

There is no unique way to action for curing infantile cerebral palsy (CP) or for eliminat-
ing brain lesions [11], but there are therapeutic methods such as NDT Bobath therapy [12]
and Vojta therapy [13] that, through reflex mechanisms of neural stimulation, as a result of
reflex postures or specific mobilizations, contribute to improving balance.

Neuroplasticity is stimulated by intense repetitive practice, but it should not exhaust
the nervous system. It is necessary for the treatment not to focus exclusively on repetition,
but to take into account the patient’s mobility and activity levels. Studies of the brain
response of a brain-injured child have provided important information and diverse opinions
concerning the effects that age has on recovery. The Kennard Principle, first advanced
by Margaret Kennard, has demonstrated the fact that the developing brain is capable of
significant reorganization and recovery after trauma [14]. In addition, the younger brain,
in contrast with the older one, is less likely to develop progressive cognitive decline [15].

The greatest potential to obtain a good evolution in children with CP, based on neu-
roplasticity, is found in children whose rehabilitation intervention started early. This is
because the gross motor skills in children with CP stabilize at the age of 4–7 years, while
after this period the motor skills are relatively stable. Up to this age, we are dealing with a
critical period in which the effects of neuroplasticity are exerted in relation to the motor
control centers in the brain [15].

Analyzing the scientific literature, in order to document the main therapeutic interven-
tions in children with CP, shows that one of the leading therapeutic approaches used in the
management of brain neuroplasticity underdevelopment is the NDT Bobath therapy [12]
(Neurodevelopmental Therapy), which is based on the fact that the atypical development
concerning postural control and reflexes is responsible for the observed motor anomalies,
due to the basic dysfunction of the central nervous system. This approach aims to facil-
itate standard motor development and functioning and to prevent the development of
secondary disorders caused by muscle contractures and joint deformities of the limbs. The
basic principle is that any stimulus of supraliminal intensity can “awaken” a clinical sign
of CNS [16]. All therapeutic interventions based on the concept of neurodevelopment were
built with the aim of improving movements and the active participation in maintaining
body alignment and stabilizing each part of the body. The exercise program proposed by
most authors was designed to lengthen the extensor muscles of the lower limbs with a
greater focus on the hip muscles [17].
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Despite the widespread use of NDT Bobath therapy there is no rigorous research
regarding its clinical effectiveness. NDT aims at the normalization of muscle tone, its
primitive and abnormal inhibition and the facilitation of normal movements. The goal of
this approach is to correct postural tone abnormalities and facilitate more regular movement
patterns for performing daily activities. Despite its widespread use in the clinic, limited
studies have demonstrated evidence for its effectiveness in children with CP. Thus, a valid
and reliable assessment tools are needed to measure the effectiveness of therapy in CP
rehabilitation [18].

Following the four main patterns present at the level of the lower limbs of children
with infantile CP, spastic form, a method was developed aiming to overcome spasticity
with the help of spinal reflexes, by using “reflex unlocking” techniques, so that through
peripheral stimulation the higher nerve centers are activated, as their activity is modeled on
the basis of neuroplasticity. The techniques were adopted by Doman, and later by V. Vojta,
whose approach was based on combining the techniques of Kabat and Fay [12]. According
to Vojta, the role of therapy consists in trying to program the ideal movement patterns for
the age of the newborn and of the infant with an affected central nervous system, as much
as it is possible. This means that neurophysiological programming attempts to introduce an
automatic coordination of the body’s position, with well-defined angles of the upper and
lower limbs relative to the trunk and vice versa, and of different body parts to each other,
in a regular and reciprocal manner (alternatively on both sides of the body, left and right),
with a change in the center of gravity’s position, as it is common with each movement [19].

At a neurophysiological level, stimulation via Vojta therapy [13] induces psychomotor
changes [20]. Vojta therapy [13] is a method that suppresses abnormal movement and
induces normal motor development by promoting postural control and suppressing the
patient’s compensatory movements that were wrongfully acquired [21].

Vykuntaraju Kammasandra Nanjundagowda (2014) notes that medical recovery in
the pathology of cerebral palsy aims to promote normal movement patterns and inhibit
abnormal ones to maximize the independence of motor functionality. He mentions that
several physical therapy techniques can be used in the rehabilitation plan: “Bobath Neu-
rodevelopmental technique, the Vojta method, the Kabat, Philps and Denver method, but
there is no clear evidence to support the superiority of one over the other” [22].

In the recovery process of children with infantile CP, there have been several major
therapeutic practices in recent years, including the NDT Bobath concept and Vojta therapy;
these treatment models have been adopted as best practices and accepted as conventional
treatment approaches. However, additional, well-regulated, randomized studies are needed
in order to determine the efficiency and the most appropriate roles for new technologies in
physical rehabilitation interventions [13].

The aim of our research study was to analyze, from a functional point of view, the
evolution of the biomechanical parameters characterizing postural control and balance, in
children suffering from CP, aged between 3 and 11 years old and who were included in
physical therapy programs consisting of exercises based on the principles and means of
the NDT Bobath and Vojta methods. We chose this approach because currently there is no
research to provide actual results regarding the quantification of the combined application
of the two methods in the recovery of children with CP.

2. Materials and Methods
2.1. Subjects

We studied a number of 12 subjects diagnosed with CP, tetrapharesis, aged between
3–11 years. The small number of subjects is due to the fact that the consistent participation of
these children in a rehabilitation program is limited. Therefore, we cannot cover a complete
application of rehabilitation program. The group of subjects included 4 boys and 8 girls,
with an average age of 7 ± 3.28 years, average height of 121.7 ± 22.48 cm, average weight
of 28.68± 15.95 Kg (mean value± SD). Score I GMFCS for 3 children, score II for 6 children,
score III for 3 children. The research has been approved by Etich Committee of Research

91



Children 2022, 9, 1481

Center-Human Body Movement Research Center (approved number 1540/1.10.2021) and
respect the rules of Helsinki Declaration about the research that included human subjects.
In the same time we have the informed consent for all children that have been included in
the research. The informed consent has been signed by their parents.

The values of the anthropometric measurements for the group of subjects are those
recorded in the table below (Table 1):

Table 1. The values of the main anthropometric parameters of the subjects in the experimental group.

Subject Code
(n = 12)

Age
[Years]

Weight G
[kg]

Height I
[cm]

BMI = G/I*I
[Kg/m2]

P1 7 28.20 121.00 19.31
P2 3 12.63 96.00 13.71
P3 10 44.50 131.00 25.93
P4 3 14.07 85.33 19.32
P5 6 17.43 103.75 16.19
P6 3 23.10 105.00 20.95
P7 11 56.23 151.67 24.45
P8 11 60.27 158.33 24.04
P9 10 27.90 136.00 15.08
P10 6 23.93 127.00 14.84
P11 4 20.70 108.33 17.64
P12 10 43.20 137.00 23.02

The selection of the 12 subjects was made based on inclusion and exclusion criteria
as follows:

Inclusion criteria:

• children diagnosed with CP;
• children aged between 3–11 years;
• children capable of understanding and executing commands;
• children without other associated diseases;
• children who did not participate in recovery programs that were based on the two

methods, NDT Bobath and Vojta;
• children with GMFCS level I-IV;
• children who can adopt the orthostatic position necessary to assess balance.

Exclusion criteria:

• children with mental retardation;
• children who cannot participate constantly in physical therapy sessions;
• children with deformities of the locomotor system;
• children with visual or hearing impairments;
• children with spasticity more then 2 on Ashworth scale.

2.2. Evaluation of Subjects with CP

The subject’s evaluation included a functional clinical evaluation and a biomechanical
evaluation. The clinical functional evaluation of the 12 subjects included the balance
assessment using the Berg scale [23]. The biomechanical evaluation was performed using
the “Stabilometry footboard PoData 2.00” bipodalic platform with a built-in podoscope
that can be directly connected to a computer via USB ports. The device is represented
by six load cells that can be positioned to detect the distribution of body weight at the
points corresponding to the 1st metatarsal, the 5th metatarsal and the heel of each foot. It
is also used to measure the average position of the body’s center of gravity and its small
movements around this position. This equipment works based on the principle of gathering
information from the plantar level, and the data provided comes from the stimulation of
the platform’s sensors [24].
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The patients were prepared before the start of the assessment, being minimally dressed,
as the assessment was carried out in basal conditions. At the time of evaluation, we
must take into accounted the fact that the CNS system, through its extero-proprioceptive
receptors, is able to identify the best postural strategies, for each moment, adapting them to
the contingent situation. Regarding the vertical position, its efficiency is determined by the
distribution of body weight on both legs. For this reason, three measurements were made.

The patient must be without shoes, the skin must be bare. Alone he/she steps on the
platform. The platform is divided into two equal parts, the child puts one foot on the right
side and one foot on the left side, and must remain still for 20 s (Figure 1). The result is the
footprint obtained as shown in Figure 2.
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This platform supported the analysis of some parameters such as the left-right weight
distribution, a feature that we believe is relevant for assessing the evolution of balance
depending on the regional loading at the plantar level. The subjects’ evaluation was carried
out at two times—evaluation 1 (EV1) and evaluation 2 (EV2), 6 months apart.
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2.3. Statistical Analysis

For statistical analysis we used descriptive analysis and regarding normal distribution
of the parameters we applied JB test (Jarque–Bera). Student’s t-test was used for analysis the
differences between parameters values and give information about how was the evolution
of the parameters from first moment of evaluation (EV1) and second moment of evaluation
(EV2) Student’s t-test was applied for equal means and shows if is a significant difference.
The effect size was assessed by Cohen D coefficient [25,26]. We used XLSTAT software for
statistical analysis.

2.4. Rehabilitation Program

The rehabilitation program was developed within a general framework that took into
account certain requirements imposed by the application of the two methods, NDT Bobath
and Vojta. The patient’s positioning is the element from which the therapeutic exercise is
initiated. For the NDT Bobath technique/method, exercises, were performed in supine
position (SP), lateral position (LP), prone position (PP), on all fours, on both knees, sitting
on the edge of the bed or sitting on the chair, the half kneeling position, and orthostatism
position. For the Vojta method, exercises that require activation positions in SP, LP, PP, and
the first position (crouching at the edge of the bed) were performed.

The program’s structure includes 10 NDT Bobath exercises and 3 Vojta exercises
(activations). The program started with 5 daily sessions, for a period of 3 weeks, followed by
3 sessions per week performed by a physiotherapist in the office and 2 sessions performed
by the parent at home.

Each session is scheduled for 90 min, the program being carried out for a period of
6 months.

Methodology: A 90-min physiotherapy session started with a Vojta therapy activation,
for 20 min, between the two therapies there is a 10-min break, then the session continued
with NDT Bobath exercises for 60 min each day, 5 days per week, for 6 months. The physical
therapy program was carried out in the following stages: Vojta therapy, on the physical
therapy table, activated from three positions: SP, LP, PP, activation time—5 min in each
position, a total of 20 min of Vojta activation; NDT Bobath therapy, which took place in the
following stages: on the physiotherapy table: SP, LP, PP; on the mattress: on all fours, on
both knees, in orthostatism; on wall bars, on the NDTBobath ball; on the walking treadmill.
The therapy is carried out on an outpatient basis, with the patient coming to the office every
day to benefit from the therapy.

On first session, patient assessment was performed using scale application and PoData
platform. Following the evaluation, we established the functional diagnosis, the degree of
segmental and global mobility, balance and the ability to move.

The first session also aimed to initiate the exercise program, information will be
provided concerning the objectives of the treatment plan and how it will proceed, the
timetable of the upcoming sessions is also set according to the therapist’s and the patient’s
schedule. The physiotherapist will provide information about the purpose, the objectives
of the therapies addressed in the recovery plan, NDT Bobath and Vojta, what the therapies
entail, the importance of performing exercises at home and the required work items. The
parent or caregiver has been instructed on the execution of certain elements of the Vojta
therapy and the kinesiological responses expected. The child and the caregiver received
homework, light exercises, essential for achieving the goals, in order to maintain the gains
made in the physical therapy sessions. Recommendations were given to correctly position
the child during daily activity. The duration of the session is 50–60 min.

2.4.1. Vojta Therapy

Vojta therapy had as its therapeutic objective the improvement of the body’s balance
during movements (“postural coordination”), an objective for which I built and applied
the following two physical exercises:
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Exercise 1. Reflex crawling

The objective of the exercise: It is a movement complex that is made up of the essential
components of movement: posture coordination; lifting against gravity, targeted and
precise movements of the arms and legs. Thus, reflex crawling possesses the basic patterns
of locomotion.

The execution method: the child is positioned in the ventral decubitus, the head is
placed on the work surface and turned to one side, with the occipital part towards the
physiotherapist, being called the occipital part, and the facial part looks forward.

The movement takes place into the so-called cross scheme, in which the right leg and
the left arm move at the same time, as well as vice versa. One leg and arm on the opposite
side supports the body and moves the trunk forward.

In therapy, when the child begins to rotate the head, the therapist applies appropriate
resistance. This increases the activation of the entire body’s musculature, thereby achieving
the prerequisites for the verticalization process.

The execution technique: will activate from this position 3 times on each side, for a
15–50 s activation. We start with the activation on the right facial side, the child is in the
prone position, with the right upper limb (UL) in 180◦ flexion at the shoulder level and a
slight flexion at the elbow level. Lower limb (LL) on the occipital side (left LL) flexed to
45◦ and flexed at the knee. Left upper limb and right lower limb are in extension. From
this position we press on the “calcaneus” area at the LL level on the occipital side and the
“epicondyle” area at the elbow level on the facial UL pressing gently, it remains in position
pressing continuously and slowly for 15–50 s, until the expected kinesiological response is
obtained: at the level of UL on the facial side to obtain an extension of the fingers, LL on the
facial side performs the flexion towards the chest, LL on the occipital side performs flexion
at the level of the fingers, UL on the occipital side initiates the flexion movement. After the
kinesiological response is obtained, the activation side is changed, now the facial side will
be the child’s left side. These activations are repeated 3 times for each part (Figure 3).
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Exercise 2. First position

The objective of the exercise: Lifting against gravity, extension of the spine, targeted and
precise movements of the arms and legs.

The execution method: the child is positioned in a crouching position, on the edge of
the bed, with the seat on the heel, and the legs are positioned outside the physiotherapy
table in order to monitor the kinesiological response and not to be restrained—position
represented in Figure 4. The head is placed on the surface work and turned to one side,
with the occipital part towards the physiotherapist, being called the occipital part, and the
facial part looks forward. The facial upper limb is in 180◦ flexion, and the occipital upper
limb is in extension.
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Figure 4. “First position”.

The movement takes place in a so-called cross scheme, in which the right leg and the
left arm move at the same time, as well as vice versa. One leg and arm on the opposite side
supports the body and moves the trunk forward.

In therapy, when the child begins to rotate the head, the therapist applies appropriate
resistance. This increases the activation of the entire body’s musculature, thereby achieving
the prerequisites for the verticalization process.

The execution technique: will activate from this position 3 times on each side, for a
15–50 s activation. We start with the activation on the right facial side, the child is in the
prone position, with the right upper limb (UL) in 180◦ flexion at the shoulder level and a
slight flexion at the elbow level. From this position we press on the “calcaneus” area at the
LL level on the occipital side and the “epicondyle” area at the elbow level on the facial UL
pressing gently, it remains in position pressing continuously and slowly for 15–50 s, until
the expected kinesiological response is obtained: at the level of UL on the facial side, an
extension of the fingers is obtained, UL on the occipital side initiates the flexion movement,
the leg on the facial side performs an eversion movement with extension and abduction of
the fingers, the leg on the occipital side performs an inversion with flexion of the fingers.
After the kinesiological response is obtained, the activation side is changed, now the facial
side will be the child’s left side. These activations are repeated 3 times for each part.

Dosage: 2 activations per each part;
Sets: 3 sets, no rest between sets.
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2.4.2. NDT Bobath Therapy

NDT Bobath therapy had as its objective the re-education of balance, coordination and
balance obtained within the 3 physical exercises proposed and applied.

Exercise 1. Quadruped imbalances (Figure 5)
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The execution method: With the subject supported on his knees, the therapist imbalances
him from all directions. The force and amplitude of the imbalance is dosed according to
the subject’s ability to rebalance.

Dosage: 5 repetitions;
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Sets: 2, with a 30 s break between repetitions.

Exercise 3—The Cervant Knight (Figure 7)
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Figure 7. “The Servant Knight” position.

The execution method: The subject loads on one knee, the contralateral lower limb
performs a triple flexion (flexion at the hip level, flexion at the knee level, and flexion
at the ankle joint level)—the position of the serving knight (pelvis in retroversion on the
side without load), inhibits spasticity of the adductors and extensors of the hip on the
non-loading side, and the flexors of the hip on the loaded side, facilitating stabilization of
the pelvis.

Dosage: 5 repetitions per each leg;
Sets: 2, with a 1-min break between sets.

3. Results
3.1. Functional Clinical Evaluation

The analysis of the data collected before and after the application of the rehabilitation
program, regarding the assessment of balance using the Berg scale for pediatrics, indicates
an improvement in the Berg scale score, the results being reproduced in Figures 8 and 9 for
the 12 subjects.
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Figure 8. The evolution of the Berg scale score for subjects P1–P6.
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Figure 9. The evolution of the Berg scale score for subjects P7–P12.

The evolution from a clinical functional point of view is in the sense of an improvement
in the balance evaluated by the Berg scale, more accentuated in patient P3, P5 and P10.

The results of the statistical analysis of the clinical functional evaluation by means of
the Berg scale are presented in Tables 2–4.

Table 2. The mean value of the Berg scale.

Test Average SD Minimum Maximum CV

EV1 28.33 6.69 15 37 23.62
EV2 37.5 5.68 25 45 15.15
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Table 3. The table of statistical indicators of the difference of the Berg scale.

Statistical Indicators of the Resulting
Difference (EV2-EV1) Bilateral Dependent Student t-Test

Average Standard
Deviation

95%
Confidence

Interval

Effect Size
(Cohen D’test) t Obs df p *

9.16 3.97 (6.64; 11.69) 1.47 7.99 11 0.0001
* The significance threshold is p = 0.05.

Table 4. Table of average differences of the Berg scale.

Average
Difference
(EV1-EV2)

Progress Difference Size The Progress Is Null Hypotesis
(Averages Are Equal)

9.16 32.35% Very high Statistically
significant It is rejected

The statistical analysis indicates a progress of 32.35%, with an average increase in the Berg
scale value of 9.16. Two-sided t-test reveals a statistically significant difference in averages
p = 0.0001 < 0.05, for tobs = 7.99 and df = 11. It is observed that the effect size is large.

Regarding evolution of GMFCS score we present the results in the next figure
(Figure 10 for P1–P6 and Figure 11 for P7–P12).
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Figure 10. Evolution of GMFCS score patient P1–P6.

3.2. The Results of the Biomechanical Evaluation

In this paper, we present the evolution of the data that indicate the distribution of
body weight at the level of the two lower limbs, at the two moments of the EV1 and
EV2 evaluation.

In order to evaluate the evolution as objectively as possible from the recovery of
balance and implicitly the efficiency of the combined therapy point of view, we consider
that it is necessary to focus our attention on how the patients manage to balance left
and right.

In this sense, Table 5 shows the body weight distributions (expressed in kg and %) at
the level of each leg, at the two moments of the evaluation (EV1 and EV2).
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Table 5. Weight values and their distributions on each leg, at the two evaluations.

Patient
Code

Total Weight (Kg)
Weight Distribution
on Right Leg of Total

Weight [%]

Weight Distribution
on Right Leg of Total

Weight [Kg]

Weight Distribution
on Left Leg of Total

Weight [%]

Weight Distribution
on Left Leg of Total

Weight [Kg]

EV1 EV2 EV1 EV2 EV1 EV2 EV1 EV2 EV1 EV2

P1 28.44 28.36 45 48 12.92 13.61 55 52 15.52 14.75
P2 11.72 12.93 41 47 4.84 6.08 59 53 6.88 6.85
P3 42.78 45.81 44 51 18.67 23.23 56 49 24.12 22.58
P4 12.76 15.33 52 51 6.59 7.82 48 49 6.18 7.51
P5 15.77 17.46 53 52 8.29 9.08 47 48 7.48 8.38
P6 19.37 23.65 42 48 8.05 11.35 58 52 11.31 12.30
P7 51.51 58.83 49 50 25.30 29.26 51 50 26.22 29.57
P8 57.35 64.37 44 47 25.50 30.26 56 53 31.84 34.12
P9 25.07 30.68 32 45 8.13 13.85 68 55 16.94 16.83
P10 22.67 24.07 57 53 12.87 12.75 43 47 9.80 11.31
P11 13.98 21.04 35 54 4.88 11.35 65 46 9.10 9.68
P12 42.74 43.80 43 47 18.41 20.54 57 53 24.32 23.26
Min 11.72 12.93 32.42 45.15 4.84 6.08 43.24 46.03 6.18 6.85
Max 57.35 64.37 56.76 53.97 25.50 30.26 67.58 54.85 31.84 34.12
AV * 28.68 32.19 44.74 49.37 12.87 15.77 55.26 50.63 15.81 16.43
SD ** 15.95 17.11 7.06 2.78 7.46 8.14 7.06 2.78 8.80 9.04
CV *** 55.62 53.13 15.78 5.62 58.00 51.62 12.77 5.48 55.64 55.00
JB **** 0.521 0.504 0.908 0.685 0.532 0.502 0.908 0.685 0.553 0.510

* Average value. ** Standard deviation. *** CV is the coefficient of variation. **** Jarque-Bera test, calculated at the
significance threshold of p = 0.05.

Analyzing Table 5, it is observed that all measured values have a normal distribution
according to the Jarque-Bera test (p ≥ 0.05, so H0 is confirmed).

In order to carry out a deeper analysis, we considered it useful to follow how the
weight is distributed at the level of each leg, expressed as a percentage of the body weight.

3.2.1. Weight Distribution on the Left Leg

The distribution of the weight on the left leg shown in percentage in Figure 12, under
the aspect of evolution between the two moments of the evaluation.
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Figure 12. Percentage distribution of the weight on the left leg, from the total weight at the first and
second evaluation of the subjects of the experimental group (N = 12).

An evolution of the load on the left leg is observed, towards 50% of the body weight.
Tables 6–8 show the statistical indicators that highlight the degree of percentage

distribution at the level of the left leg, percentage of weight.

Table 6. The average value of the percentage distribution of the weight on the left leg.

Test Average SD Minimum Maximum CV

EV1 55.26 7.06 43.24 67.58 12.77
EV2 50.63 2.78 46.03 54.85 5.48

Table 7. The table of statistical indicators of the difference in percentage distribution of weight on the
left leg.

Statistical Indicators of the Resulting
Difference (EV2-EV1) Bilateral Dependent Student t-Test

Average Standard
Deviation

95%
Confidence

Interval

Effect Size
(Cohen
D’test)

t obs df p *

4.64 6.29 (0.63; 8.63) 0.86 2.552 11 0.027
* The significance threshold is p = 0.05.

Table 8. Table of average differences of percentage weight distribution on the left leg.

Average
Difference
(EV1-EV2)

Progress Difference Size The Progress Is
Null Hypotesis
(Averages Are

Equal)

4.64 8.39% Average Statistically
significant It is rejected

The statistical analysis indicates a progress of 8.39%, with an average decrease of 4.64.
The bilateral t-test reveals a statistically significant difference in averages, p = 0.027 < 0.05,
for tobs 2.552 and df = 11. A small effect size of 0.86 is observed.
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3.2.2. Weight Distribution on the Right Leg

The same aspect of the percentage distribution of body weight at the level of the right
leg can be found in Figure 13.
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Figure 13. Percentage distribution of the weight on the right leg, from the total weight at the first and
second evaluation of the subjects of the experimental group (N = 12).

The same evolution is observed in the sense of decreasing or increasing the distribution
so that one can talk about an attempt to rebalance.

Tables 9–11 highlight the statistical indicators.

Table 9. The average value of the percentage distribution of the weight on the right leg.

Test Average SD Minimum Maximum CV

EV1 44.74 7.06 32.42 56.76 15.78
EV2 49.37 2.78 45.15 53.97 5.62

Table 10. The table of statistical indicators of the difference in percentage distribution of weight on
the right leg.

Statistical Indicators of the Resulting
Difference (EV2-EV1) Bilateral Dependent Student t-Test

Average Standard
Deviation

95% Confidence
Interval

Effect Size
(Cohen D’test) t Obs df p *

−4.64 6.29 (8.63; 6.37) 0.86 2.552 11 0.027
* The significance threshold is p = 0.05.

Table 11. Table of average differences of percentage weight distribution on the right leg.

Average
Difference
(EV1-EV2)

Progress Difference Size The Progress Is
Null Hypotesis
(Averages Are

Equal)

−4.64 10.36% Big Statistically
significant It is rejected

The statistical analysis indicates a progress of 10.36%, with an average decrease of 4.64.
The bilateral t-test reveals a statistically significant difference in means, p = 0.027 < 0.05, for
tobs = 2.552 and df = 11. A small effect size of 0.86 is observed.
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Analyzing the previous results, we find that there is a left-right rebalancing in
most patients.

4. Discussion

The favorable results that were obtained by drawing up a physiotherapy program
composed of the combination of the two Vojta and NDTBobath methods are proof of the
fact that both methods are based on the creation of a stimulating peripheral pressure, which,
if maintained, generates an extended stereotyped motor response. A pattern of symmetrical
muscle contraction is thus created, at the level of the neck, trunk and limbs, as a result of
the summation, and thus postural control can be achieved.

We found the clinical and functional expression of this aspect in the assessment of
balance with the help of the Berg scale, which proves to be particularly useful in establishing
the rehabilitation program, being an objective means of monitoring the evolution. This
aspect of the importance of the Berg scale in the preparation of the balance rehabilitation
program was also highlighted by Louie and colab [27] who used this scale in the admission
stage of the stroke patient in the recovery program, considering that it is a predictive
element of the evolution of balance and gait, which registered an important improvement
6–7 weeks after the initiation of the rehabilitation program. Thus, the authors consider that
a patient who has a Berg score of at least 29 has a chance to regain his balance in 6–7 weeks
of therapy. In the case of our study, we note that all subjects registered scores that exceed
the value of 29 of the Berg scale score. Consequently, we can consider that the evolution
of the subjects, objectified by this scale, confirms the fact that the complex therapeutic
approach is effective and can be supported by concrete data.

The left-right rebalancing, proven by the percentage distribution analysis of the weight
at the lower segmental level, demonstrated that the body alignment approach through the
Vojta method on the one hand and the inhibitory facilitating postures/exercises promoted
by the NDT Bobath method, allows obtaining a symmetry of the base and control of the
trunk. It is known that there is a correlation between the asymmetry of the pelvis and the
control of the trunk in children with PCI. The objectification of the effects of Vojta therapy
was found in studies carried out in patients with stroke, in which it was observed that the
Trunk Control Test (TCT) recorded an average value of 25 (Normal 0–43), compared to
the result obtained in a group of patients who followed classical therapy and in which the
average score was 46 [28].

We found in our research that there is a favorable evolution of weight distribution at
the level of the two legs, with the achievement of a rebalancing with the increase of the
load at the level of the right leg and the decrease at the level of the left leg, but what is more
important is a closeness to the value of 50% within the rating from time EV2 as opposed to
time EV1.

The effectiveness of the Vojta therapy was also reported by Hyungwon and Kim who
noted positive results in the changes in each joint angle in the sagittal plane after the Vojta
therapy. The conclusions of the study indicate that Vojta therapy can play an important role in
improving the spatiotemporal parameters of the gait of children with spastic diplegia [22], this
being a study that proves that through this approach an improvement in balance is obtained.

Proximo-distal stabilization in supine, prone, sitting and standing positions favors
proprioceptive and vestibular stimulation.

Regarding the NDTBobath therapy, as I mentioned before, the objectification of the
effectiveness of this therapy is minimal, the results of our study are supported by the study
of Erdogan Kavlak (2018) who investigated the effects of this therapy after 8 weeks of appli-
cation for the re-education of balance for children with CP [29]. The result was a significant
improvement in balance, gross motor function and the level of functional independence.

NDTA study by Moazma Jamil compared effects of convention and NDT Bobath
therapy to improve GMF among 24 children with CP. Children with CP received 3 months
of intervention, 40 min/day, 5 days/week All children were tested with the Modified
Ashworth Scale before starting treatment and 16 weeks after treatment. The result of
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the study showed that NDT Bobath therapy is more effective compared to conventional
treatment [30]. The reduction of spasticity as well as the promotion of inhibitory reflex
postures cause cortical activation, which, based on neuroplasticity, can trigger postural
control and rehabilitation with recovery postural balance. This aspect was proven in our
study by adjusting the left/right weight distribution, objectified by the percentage values
of the loaNDT d.

The recovery process after brain injury is long, but with emerging evidence for neu-
roplasticity, the outlook for recovery is no longer so bleak. The exact mechanism remains
unknown; however, many hypotheses are currently being investigated.

Zanon et.al. [31] in their paper consider that effect of NDT therapy is still uncertain
and need more studies for assess the evolution of children with CP. Much more does not
exist studies that reflects the results of NDT in balance rehabilitation.

Regarding Vojta therapy we found the paper of Mengibar et.al [32] that spoke about
the role of Vojta therapy in accelerate the acquisition of GMFM-88-items and seems to
activate the postural control. Furthermore, in this study this method seems to improve the
balance in CP, but without biomechanical evaluation.

Our results demonstrate that there is a need to have a holistic approach of children
with CP, means that also in clinical field the physiotherapist could apply combination of
method for improve the movement and balance patterns. In the same time use of this
evaluation, periodically could help the physician to monitoring the evolution and together
with the physiotherapist design the rehabilitation goals.

We consider that these findings demonstrate the importance to use combination of the
two techniques, but of course this combination could be applied to children with severed
CP. For this reason, the physical therapist must have good knowledge about NDTBobath
and Vojta methods. They have to be habilitated in field of these two methods and they will
be able to design the interventions.

5. Conclusions

The training strategies promoted by the combination of the two methods are shown
to be useful in the recovery program, which was reflected in the improvement of the Berg
scale scores.

The results of the biomechanical evaluations complement the functional clinical evalua-
tion and highlight as the main aspect the right recovery, which is in agreement with the Bobath
method’s objectives, namely the fact that the efficiency of the method is to make the patient
maintain his balance and distribute his weight bilaterally by reducing right/left asymmetry.

At the level of the foot, this selective control of the movement is very strong, a fact also
demonstrated by the loading mode of the foot in the studied patients. We can talk about an
element of prediction in terms of estimating the effectiveness of the therapeutic program.

The effect of the combined therapy, at the level of the foot that presents a behavior that
seems to prepare the dynamic balance.

Left-right weight transfer must be carried out while maintaining postural control.

6. Limitations

The study has limitations due to the small number of research subjects. In addition,
during the moment of measurements some of children have not full cooperation. The same
could be say regarding the participation to the physical therapy program and how the
children answer to the physical therapy tasks.
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Abstract: Early childhood is an important development period for establishing healthy physical
activity (PA) habits. The objective of this study was to evaluate PA levels in a representative sample of
U.S. preschool-aged children. The study sample included 301 participants (149 girls, 3–5 years of age)
in the 2012 U.S. National Health and Examination Survey National Youth Fitness Survey. Participants
were asked to wear an ActiGraph accelerometer on their wrist for 7 days. A machine learning random
forest classification algorithm was applied to accelerometer data to estimate daily time spent in
moderate- and vigorous-intensity PA (MVPA; the sum of minutes spent in running, walking, and
other moderate- and vigorous-intensity PA) and total PA (the sum of MVPA and light-intensity PA).
We estimated that U.S. preschool-aged children engaged in 28 min/day of MVPA and 361 min/day
of total PA, on average. MVPA and total PA levels were not significantly different between males and
females. This study revealed that U.S. preschool-aged children engage in lower levels of MVPA and
higher levels of total PA than the minimum recommended by the World Health Organization.

Keywords: ActiGraph accelerometer; machine learning; walking; early childhood

1. Introduction

Early childhood is an important developmental period for establishing healthy physi-
cal activity (PA) habits [1]. In early childhood, PA is particularly important to develop gross
motor (GM) skills and acquire movement proficiency [2]. Studies showed that moderate-
and vigorous-intensity PA (MVPA) was associated with GM competency among preschool-
aged children aged 3–5 years [3,4]. However, according to previous studies [5–9], a large
proportion of U.S. preschool-aged children do not engage in recommended levels of PA.
Further, a review of publications from 1980 to 2007 [8] and some later studies [5–7], but
not all [10], have reported that preschool-aged females in particular are less active than
preschool-aged males. The World Health Organization (WHO) recently established new
PA guidelines for children under 5 years of age [11]. For children 3–4 years of age, the PA
guidelines recommend at least 180 min/day of PA at any intensity, of which at least 60 min
should be MVPA. To evaluate whether PA health behaviors of U.S. preschool-aged children
meet these guidelines, it is critical to collect PA data among preschool-aged children at a
national level.

The 2011 U.S. National Health and Examination Survey National Youth Fitness Sur-
vey (NNYFS) provides an opportunity to evaluate PA and GM development among U.S.
preschool-aged children. The NNYFS conducted accelerometer assessments and the Test
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of GM Development-2 (TGMD-2) in a representative sample of U.S. children including
preschool-aged children. Processed accelerometer data from the NNYFS became publicly
available in Monitor-Independent Movement Summary (MIMS) units in 2020. From a pre-
vious analysis of the MIMS data from the 2011 NNYFS, we found that daily accumulated
MIMS were not different between males and females in U.S. preschool-aged children [12].
However, no PA classification algorithms were available for analyzing MIMS data. Thus,
we were unable to evaluate how much time preschool-aged children spent in MVPA and to-
tal PA (the sum of light-intensity PA [LPA] and MVPA), which limited our ability to use the
MIMS data from the NNYFS to inform public health messages and actions. More recently,
NNYFS raw accelerometer data have become publicly available, allowing researchers to
apply validated PA classification algorithms.

Using the NNYFS data, we also reported that one in three preschool-aged children
(33.9%) scored below average on the overall GM level [13]. Of the two GM subsets (lo-
comotion and object control), locomotor competency was shown to be associated with
self-reported participation in specific types of PA (i.e., bike riding, scooter riding, trampo-
line, soccer, and swimming) [13,14]. However, our prior study [12] that used an overall PA
measure (MIMS) that encompassed LPA and MVPA failed to show its positive association
with locomotor competency.

This present paper aims to expand on the findings from our prior studies [12,13], by
utilizing a machine learning PA classification algorithm to analyze NNYFS raw accelerome-
ter data. Machine learning is a type of artificial intelligence (AI) that provides the ability
to automatically learn/find patterns of complex data from a large amount of data. The
machine learning algorithm was shown to have higher accuracy than traditional cut-point
methods [15]. The primary aim of this study was to report MVPA and total PA levels in a
representative sample of U.S. preschool-aged children, using NNYFS raw accelerometer
data. The secondary aim was to examine the associations of MVPA and LPA with GM skills
among preschool-aged child participants.

2. Materials and Methods
2.1. Study Sample

The study sample included U.S. children 3–5 years of age who participated in the
2012 NNYFS. The 2012 NNYFS was a cross-sectional survey that collected data on PA and
fitness levels to provide an evaluation of the health and fitness of children 3–15 years of
age living in the U.S. The NNYFS used complex staged and stratified sampling methods
to select a representative sample of U.S. children 3–5 years of age (n = 368). Accelerom-
eter data for NNYFS participants were collected using wrist-worn accelerometers; thus,
16 participants with missing arms bilaterally were excluded from accelerometer assessment.
Ethical approval and consent were obtained from participants’ parents and guardians. Of
352 eligible participants, 301 (149 females) had accelerometer data for at least 1 day and
were included in this analysis. Our prior study [12] reported no difference in participant
characteristics between those included and excluded, except that the excluded participants
tended to be younger.

2.2. Accelerometer Assessment

ActiGraph GT3X+ accelerometers (Pensacola, FL, USA) were used to assess PA at
80 Hz. During a mobile examination center visit, participants were asked to wear an
accelerometer wristband (dorsal orientation) on the non-dominant hand for 9 consecutive
days (including 7 full days). Participants returned the accelerometer wristband via mail
using pre-paid padded envelopes.

Publicly available raw accelerometer data files were downloaded, from which data for
participants 3–5 years of age were extracted. The data cleaning process was identical to
that described in our prior study [12]. Briefly, we excluded data collected on day 1 (when
the accelerometer was placed on the participant) and day 9 (when the accelerometer was
removed from the participant, which occurred in the morning). We further excluded data
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collected between 10 PM and 6 PM (nighttime sleep period), which resulted in a maximum
of 16 h of accelerometer data per full day of wear [16]. To be considered as a valid wear day,
each day should have ≥600 wear minutes. Detailed information about the wear/non-wear
detection algorithm can be found in the NNYFS Analytic Notes [17]. We included any
participants who had ≥1 valid wear day for data analysis [12].

To process and analyze the wrist accelerometer data, we applied a validated random
forest PA classification algorithm developed for preschool-aged children by Trost and the
colleagues [15,18]. The algorithm development and validation have been described in prior
publications [15,18]. Briefly, recognizing the low performance of laboratory-trained PA
classifiers for free-living data [19], random forest PA classifiers were trained using free-
living accelerometer data among preschool-aged children. Tri-axial accelerometer signals
were transformed into a single-dimension vector magnitude, and time and frequency
domain (base) features as well as temporal features were used to train random forest
classifiers with various window sizes: 1, 5, 10, and 15 s [18]. Among the wrist random
forest classifiers trained, a 15-s window classifier with both base and temporal (base
+ temporal) features was reported to have the highest performance for predicting five
activity classes: “run”, “walk”, “other MVPA”, ‘LPA”, and “sedentary” (weight average
F-score = 81%) [18]. Therefore, we selected the 15-s base + temporal feature classifier to
analyze NNYFS wrist accelerometer data.

The NNYFS wrist accelerometer data were segmented into 15-s non-overlapping
windows. Feature extraction was performed using the R script obtained from the model
developer [18]. Using the R script for the 15-s base + temporal feature classifier (https:
//github.com/QUTcparg/PS_PAClassification; accessed on 20 September 2022), each of
the 15-s windows was predicted as “run”, “walk”, “other MVPA”, ‘LPA”, or “sedentary”.
We calculated the number of windows for each activity class a day. The number of windows
for each activity class was divided by 4 to express the time spent in each activity in minutes
a day. For example, 40 15-s windows predicted as “walk” a day were converted to 10 min
of “walk” a day. Multiple days of estimated time spent in each activity were averaged
per participant. MVPA (minutes/day) was calculated by summing minutes spent in
“run”, “walk”, and “other MVPA”. Total PA (minutes/day) was calculated by summing
time spent in MVPA and LPA. Participants who engaged in MVPA ≥ 60 min/day were
considered to have met the WHO MVPA recommendation. Similarly, participants with
total PA ≥ 180 min/day were considered to have met the WHO total PA recommendation.

2.3. Gross Motor Assessment

GM skills were evaluated using the TGMD-2 [20]. The TGMD-2 is a widely accepted
tool to evaluate GM among young children that includes two GM subtests: locomotor
and object control. The detailed TGMD-2 assessment protocol is described in a prior
publication [13] as well as on the NYFS website [21]. In accordance with the TGMD-2
manual [20], a locomotor standard score (range: 1 to 20) and an object control standard
score (range: 1 to 20) were calculated.

2.4. Statistical Analyses

We used SAS 9.4 (Cary, NC, USA) for data analyses. We incorporated the complex
sampling design of the NNYFS in analyses. To achieve the primary aim, we calculated
the means and 95% confidence intervals (CIs) of the PA metrics. We repeated this analysis,
separately, for participant characteristics, such as biological sex, age (3, 4, or 5 years), race
and ethnicity (Hispanic, non-Hispanic White, non-Hispanic Black, or Other), language
spoken at home (English only or at least some non-English), family income levels (ratio
of family income to poverty, reported as <1.0 [below the poverty level], 1.0 to <3.0, or
≥3.0) [12]. A correlation coefficient (r) between MVPA and LPA was calculated. Frequency
analyses were conducted to identify the proportion of children meeting the WHO MVPA
and total PA recommendations.
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To achieve the secondary aim, we conducted multivariable linear regression analyses.
Independent variables of interest included MVPA and LPA. Dependent variables included
locomotor and object control standard scores. Covariates were selected based on our prior
analysis [13]: sex, age, family income, and living with a child(ren) ≤5 years of age for the
locomotor outcome; and sex, age, and living with a child(ren) 6–17 years of age for the
object control outcome.

3. Results

Among 301 participants, accelerometer wear time was on average 915 min (standard
error: 7 min). Wear time did not differ by sex, age, or racial/ethnic group. As shown in
Table 1, U.S. preschool-aged children were estimated to run for 4 min/day (95% CI = 3, 5)
and walk for 14 min/day (95% CI = 13, 15) on average. MVPA was estimated at 28 min/day
(95% CI = 25, 30) and LPA was estimated at 361 min/day (95% CI = 343, 378). MVPA and
total PA tended to be higher in older preschool-aged children. MVPA and total PA levels
did not differ by sex, racial and ethnic group (Table 1), language spoken at home, or family
income (Supplementary Table S1). The correlation coefficient r between MVPA and LPA
was 0.53 (p < 0.01). Only 2% of participants met the WHO MVPA recommendation, while
95% met the WHO total PA recommendation.

Table 1. Estimated daily minutes spent in physical activity in U.S. preschool-aged children. The 2012
NNYFS.

Run Walk Other MVPA LPA MVPA a Total
PA b

Weighted mean (95% CI), minutes/day

All (n = 301) 4 (3, 5) 14 (13, 15) 10 (8, 11) 361 (343, 378) 28 (25, 30) 388 (368, 408)

Sex

Male (n = 152) 5 (4, 6) 14 (12, 16) 10 (9, 12) 361 (334, 387) 29 (25, 33) 389 (359, 419)

Female (n = 149) 3 (2, 4) 15 (13, 16) 9 (7, 10) 360 (342, 379) 27 (24, 29) 387 (367, 407)

Age

3 years (n = 96) 3 (2, 4) 13 (10, 16) 8 (6, 10) 333 (300, 366) 24 (19, 29) 357 (320, 393)

4 years (n = 101) 4 (3, 5) 14 (12, 16) 10 (6, 12) 370 (346, 394) 28 (25, 31) 398 (372, 424)

5 years (n = 104) 4 (3, 5) 16 (14, 18) 11 (9, 12) 376 (361, 392) 31 (27, 34) 407 (389, 425)

Race/ethnicity

Non-Hispanic
White (n = 121) 4 (2, 5) 13 (12, 14) 9 (8, 11) 362 (336, 388) 26 (23, 29) 388 (359, 416)

Hispanic (n = 102) 4 (3, 5) 16 (13, 20) 10 (8, 12) 364 (340, 387) 31 (26, 35) 394 (368, 421)

Non-Hispanic
Black (n = 61) 4 (3, 5) 15 (13, 17) 11 (9, 12) 368 (342, 395) 29 (26, 33) 398 (368, 427)

Other (n = 17) 4 (2, 5) 13 (7, 19) 8 (5, 12) 320 (275, 364) 25 (15, 35) 345 (292, 398)

Physical activity types were classified based on the random forest activity classification algorithm by Ahmed and
Trost [15]. a Sum of run, walk, other MVPA. b Sum of MVPA and LPA. CI, confidence interval; LPA, light-intensity
physical activity; MVPA, moderate- and vigorous-intensity physical activity; PA, physical activity.

Table 2 presents the multivariable linear regression analysis results. An additional
10 min spent in MVPA was significantly associated with a 0.7-point higher locomotor
standard score (95% CI = 0.4, 1.0). However, LPA was not statistically significantly
associated with a locomotor standard score. Similarly, an additional 10 min spent in
MVPA was significantly associated with a 0.4-point higher object control standard score
(95% CI = 0.04, 0.7). However, LPA was not statistically significantly associated with an
object control standard score.
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Table 2. Multivariable linear regression models for locomotor and object control standard scores in
U.S. preschool-aged children. The 2012 NNYFS.

Predictors
Locomotor Standard Score Object Control Standard Score

Estimate (95% CI) Estimate (95% CI)

Intercept 7.6 (6.1, 9.1) 8.2 (6.6, 9.9)

Sex: female vs. male 1.3 (0.7, 2.0) 0.1 (−0.6, 0.8)

Age: 4 vs. 3 years 0.8 (0.1, 1.5) −0.3 (−1.1, 0.4)

Age: 5 vs. 3 years 0.4 (−0.4, 1.2) −0.01 (−0.9, 0.9)

Ratio of family income to poverty: 1.0 to
<3.0 vs. ≥3.0 0.7 (−0.3, 1.7) NA a

Ratio of family income to poverty: <1.0
vs. ≥3.0 0.3 (−0.6, 1.1) NA a

Living with child(ren) ≤5 years of age:
yes vs. no 0.3 (−1.1, 1.6) NA a

Living with child(ren) 6–17 years of age:
yes vs. no NA a 0.5 (−0.3, 1.2)

Additional 1 h/day of LPA −0.2 (−0.5, 0.1) −0.1 (−0.5, 0.2)

Additional 10 min/day of MVPA 0.7 (0.4, 1.0) 0.4 (0.04, 0.7)
a Not applicable. CI, confidence interval; LPA, light-intensity physical activity; MVPA, moderate- and vigorous-
intensity physical activity; NA, not applicable; OR, odds ratio.

4. Discussion

This study utilized a recently validated machine learning algorithm to estimate free-
living PA levels among preschool-aged children. Applying the algorithm, this study
identified an estimated national MVPA level among preschool-aged children of 28 min/day,
which is much lower than the WHO recommendation of 60 min/day, and an estimated
total PA level of 361 min/day, which is much higher than the WHO recommendation of
180 min/day. This study also confirmed that MVPA and LPA levels were not different
between preschool-aged males and females. MVPA, but not LPA, was associated with
better scores on locomotor and object control skills.

This study was innovative in the application of an accelerometer-based machine learn-
ing PA classification algorithm that is more accurate (weighted kappa = 0.72) than available
cut-point algorithms (weighted kappa = 0.31–0.44) [15]. Accelerometer activity monitors
have vastly facilitated the evolution of child PA research over the past three decades,
allowing researchers to objectively assess free-living PA levels. Using limited raw data,
researchers have established accelerometer count cut-points to define PA intensities/classes
(i.e., sedentary, light, moderate, and vigorous). However, significant limitations of the
cut-point approach, including low accuracy and the inability to detect activity type, have
also been recognized. To address these limitations, a new analytic approach, machine
learning, has been adopted in PA measurement research. Machine learning can process
abundant raw tri-axial acceleration signal data for pattern recognition. To date, the machine
learning PA classifier by Trost and the colleagues [15,18] is the most rigorously validated
accelerometer-based algorithm for preschool-aged children, which was utilized in this
study to estimate PA levels among preschool-aged children.

This is one of the first studies to report key PA indicators among U.S. preschool-aged
children at the national level. Our national estimation of 28 min/day MVPA indicates
that many U.S. preschool-aged children do not sufficiently engage in MVPA. However,
in interpreting the study results, caution should be taken to consider the direction (i.e.,
over- or under-estimation) and the size of potential misclassification errors. In a study by
Ahmadi and Trost [15], the confusion matrix of the PA classifier indicated that the machine
learning algorithm correctly classified 87.5% of LPA and misclassified only 4.7% of LPA as
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sedentary behavior and only 7.8% of LPA as MVPA. However, a large proportion of MVPA
(31.4%) was misclassified as LPA [15]. Altogether, the algorithm slightly over-estimated
LPA (140 min by prediction vs. 132 min by the ground truth) and slightly under-estimated
MVPA (42 min by prediction vs. 47 min by the ground truth). Therefore, we assume that
our MVPA estimate may be underestimated, and LPA estimate may be overestimated.

It is an important finding that MVPA, but not LPA, was positively associated with GM
skills. For GM development and other health benefits, MVPA should be encouraged among
preschool-aged children. However, it is concerning that many preschool-aged children
do not engage in sufficient levels of MVPA. Our evaluation revealed that preschool-aged
children on average walked or ran for 18 min a day and engaged in MVPA for 28 min a
day. We suggest that US preschool-aged children should be offered greater opportunities to
engage in specific PA types that help GM development, such as bike riding, scooter riding,
trampoline, soccer, and swimming [13,14]. In addition, although there are no PA guidelines
specific to walking and running activities, we suggest that US preschool-aged children
should be encouraged to engage in more walking and running activities throughout the
day. Spending more time outdoors [12] and increasing opportunities for walking/running,
as opposed to being restrained in a stroller or a car [11], would likely increase levels of
MVPA to align with WHO recommendations.

The limitation of this study includes that the cross-sectional examination for a rela-
tionship between MVPA and GM skills cannot establish a temporal relationship; thus,
we are unable to determine whether limited engagement in MVPA hinders GM devel-
opment or limited GM competency restricts participation in MVPA. Second, PA levels
among preschool-aged children may have changed over the past decade since 2012. In
particular, child PA may have decreased during the COVID-19 pandemic [22]. Therefore,
our PA estimation based in 2012 data may not accurately reflect the current status of PA
among U.S. preschool-aged children. Nonetheless, this study used the most recent available
accelerometer data to evaluate key PA indicators among U.S. preschool-aged children at a
national level.

5. Conclusions

Our evaluation of PA among preschool-aged children using the most accurate PA
classification approach available showed that on average, U.S. preschool-aged children
engaged in 28 min/day of MVPA and 361 min/day of total PA. We also found that time
spent in MVPA, but not in LPA, was positively associated with GM skills.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/children9101433/s1, Table S1: Estimated time spent in various
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Abstract: Physical activity (PA) is defined as any bodily movement produced by skeletal muscles that
requires energy expenditure. Due to civilization’s development, we can observe a global decline in
physical activity which negatively affects the state of physical and mental health. The physical activity
of children and adolescents is a counterpart to their physical fitness. There is also more frequent
spending of free time in a passive way rather than actively. The aim of the study was to determine
whether there are differences in the physical fitness of young people who rest passively in relation
to those who rest actively. In addition, it was checked whether factors, such as age, weight, body
height and BMI differentiate the level of fitness in adolescents. Study group: 25 boys and 25 girls
declaring active leisure activities. Control group: 25 boys and 25 girls declaring passive leisure
activities. Age of the respondents ranged from 11 to 15 years (Me = 13; SD = 1.23). The research
used: the author’s questionnaire and the Index of Physical Fitness of K. Zuchora. The results were
statistically developed. The youth who spend their free time actively were characterised by a higher
level of physical fitness than their peers who choose passive recreation. The students with a higher
BMI obtained worse results than the children with a lower body mass index. In both groups, slightly
better results were obtained by girls. A significant relationship between age and results has been
observed in the control group—the results increased with increasing age. The level of physical fitness
is higher in active forms of recreation than in passive rest. Physical fitness tends to increase with
age but decreases with increasing BMI. Girls are characterised by a higher level of physical fitness
than boys.

Keywords: active free time; adolescents; factors affecting physical fitness; passive free time; physical
fitness; Zuchora test

1. Introduction

Physical fitness (PF) is defined as the current ability to perform motor activities that
require the involvement of strength, speed, endurance, motor coordination (agility) and
suppleness. It is not only a function of our locomotor system but also the basis for the
proper biological functioning of the whole body. PF consists of motor features, such as
muscle strength, speed of movement, endurance and flexibility of the body, which is
sometimes also called suppleness or agility. These features have an impact and depend on
our health. In order to assess the level of PF (not taking movement tests into account), the
psychophysical properties and the features of the body structure are usually assessed [1,2].
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The level of PF is also determined by sex and age, along with which human motor
skills change. A baby starts to sit up in the fourth month of life, at the end of the first
year—to walk. From that moment on, motor coordination develops intensively, reaching a
relatively high level at the age of 4–5 (the so-called golden age of motor skills) [3]. Generally,
boys at this age are more mobile than girls, but all children prefer active play rather than
spending time, for example, watching TV [4]. This situation changes with age. Adolescents
are capable of acquiring complex motor systems, and at the age of 12–14, they begin the
stage of sexual maturation. This period often causes changes in PF, as well as regression of
some motor skills. It is related to the action of hormones, modification of body proportions
(mainly in the case of girls in whom hormonal fluctuations also contribute to a decrease in
self-esteem, lack of acceptance of their own body, and thus—aversion to physical activity
(PA)) and changes in BMI [3]. The research of the last decade shows that adolescents with a
high degree of body fat and with a high BMI show a lower level of fitness, as well as worse
results in endurance tests [5,6].

Special PF means the ability to perform movements that are mainly related to equip-
ment specific to a given type of sport (apparatus, accessories). All types of fitness have
an impact on the overall physical development of a person. Therefore, the largest pool of
exercises is focused on general PF [7,8]. The level of PF is determined by simple tests that
have been developed for specific populations, e.g., pupils, students, manual or white-collar
workers, considering age categories and sex [9–11]. For people who practice competitive
sports, separate tests with slightly higher criteria have been developed [12].

PF is closely related to PA. which is any body movement generated by skeletal muscles
that requires energy consumption. Physical activity includes exercise and other activities
that are performed in the form of play, housework, work and recreational activities. This
activity has a large impact on shaping, maintaining and increasing fitness. In general,
the more physically active we are, the more often and regularly we exercise, and the
more physically fit we become. However, the effectiveness of the exercises performed is
subject to the individual circumstances of each person’s body and is associated with genetic
predisposition. The PA of children and adolescents is a counterpart of their physical fitness.
It also has a significant impact on other spheres of life. From a biological point of view,
appropriate physical activity shapes a healthy and physically fit individual, who reacts
to environmental threats [13–15]. Exercise as a subcategory of PA is planned, structured,
purposeful and repetitive [16].

There is scientific evidence that PA provides essential health benefits for children
and adolescents [17–19]. This conclusion is based on observations in which greater PA
was associated with an increase in beneficial health parameters. The documented benefits
include increased physical fitness (both cardio-respiratory and muscle strength), increased
bone density, reduced body fat and a reduced risk of metabolic and cardiovascular diseases.
There is also a reduction in the occurrence of symptoms of depression. Maintaining regular
PA that begins in childhood and continues into adulthood reduces the risk of death from
cardiovascular and metabolic diseases in later years [20–22].

According to WHO recommendations, the PA of children and adolescents aged 5–17
should include play, games, sports, transport, recreation, physical education or planned
exercises in the context of family, school and community activities [23] to improve car-
diorespiratory and muscular fitness, bone health, cardiovascular and metabolic biomarkers,
and to reduce symptoms of anxiety and depression:

1. Children and adolescents 5–17 years of age should spend at least 60 min a day in
Moderate to Vigorous Physical Activity (MVPA).

2. Physical activity for more than 60 min a day will provide additional health benefits.
3. Most of the daily physical activity should be aerobic. Vigorous Physical Activity (VPA)

activities, including those that strengthen muscles and bones should be practiced at
least three times a week.

According to WHO, in 2010 81% of adolescents between 11 and 17 years of age
worldwide were not sufficiently physically active. Adolescent girls were less active than

118



Children 2022, 9, 1341

their peers: 84% of girls did not meet WHO recommendations, and among boys—78% of
adolescents [15].

Comparing the data obtained in two stages of the Polish research, a team from HBSC
found statistically significant differences from 2014 to 2018 in the level of adolescents’ PA.
Recommendations for MVPA are met by only 17.2% of adolescents, which is less than
one-fifth of the studied population. There was also a clear negative trend in this period,
i.e., a decrease in the percentage of adolescents meeting the WHO recommendations for
moderate PA, from 24.2% in 2014 to 17.2% in 2018 [24].

Researchers emphasise that parents play an important role in creating appropriate
habits of movement. However, only 44 percent of children engage in PA after school (e.g.,
cycling, walking) with their parents. On the other hand, 48 percent of children are driven
to school by their parents by car [25].

Importantly, the levels of fitness appropriate to sex and age in children and adolescents
tend to remain in adulthood, and their determination and strengthening are the basis for
a physically active lifestyle throughout childhood, adolescence and adulthood [26,27].
Studies have shown that physically fit children were willing to engage in physical activity
and maintain their behaviours during adolescence, while children who are less physically
capable tended to be physically inactive during adolescence [28–30]. Children who are more
physically fit have the fundamental skills required to participate successfully at different
levels of PA. Therefore, they are more likely to keep PA within their field of interest [31].

The aim of the study was to determine whether there are differences in the physical
fitness of young people who rest passively in relation to those who rest actively. In addition,
it was checked whether factors, such as age, weight, body height and BMI differentiate the
level of fitness in adolescents.

2. Materials and Methods
2.1. Participants

The study covered 100 pupils of the Municipal School Complex No. 3 in Krosno
(Poland). After obtaining the written consent of the parents and children, the project began.
The study group consisted of 25 girls and 25 boys. The control group also consisted of
25 girls and 25 boys. All children were examined in the spring period at the turn of April
and May. All the subjects lived in the town.

The subjects were divided according to the way they spend their free time into two
groups: people declaring active leisure (study group) and people declaring passive leisure
(control group). By completing the questionnaire, the child answered the question about
how they like to spend their free time: passively or actively. It was a subjective self-
assessment of each child. Examples of passive activity (e.g., sitting in front of a TV set,
in front of a computer) and active activity (e.g., cycling, walking, playing football) are
given so that the child can easily notice the difference between the concept of passive and
active leisure.

The criteria for inclusion in the study group are pupils aged 11–15 years, declared
active way of spending free time, consent of the legal guardian to the child’s participation
in the study, and informed consent of the pupil to participate in the study.

The criteria for exclusion from the research are disability or injuries in the lower limbs
that make it impossible to take up PA, health contraindications for participation in the
fitness test, the pupil feeling unwell during the test, withdrawal of the consent of the child
or his/her guardian to participate in the study, even during the tests.

2.2. Research Tools

The study used the assessment of physical fitness with the use of K. Zuchora’s Physical
Fitness Index, which consists of a six-step assessment of the pupil’s fitness [32]. This
assessment checks:

1. Speed (sprint run on the spot with simultaneous clapping of hands under the knees—
the result is determined by the number of claps within 10 s),
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2. Jumping (long jump from the spot—distance measured in the pupil’s feet),
3. Shoulder strength (hanging on gymnastic wall bars: with both hands, one hand, both

hands with a pull-up, for boys, additionally hanging with a pull-up and lowering,
once with the right hand, once with the left hand, with holding for every 10 s—time
measured in seconds),

4. Suppleness (bending the torso forward—the result is determined by the ability to
reach as low as possible with the hands and touch the head to the knees),

5. General endurance (endurance run on the spot—time measured in minutes),
6. Strength of the abdominal muscles (performing transverse “scissors” while lying on

the back—time measured in seconds/minutes).

Depending on their sex and the results of the individual attempts, pupils were assigned
points (from 0 to 6) which were then added up and compared with the age-appropriate
norms. In this way, the level of the children’s physical fitness was determined (Tables 1
and 2).

Table 1. The level of the test execution and the score in points.

Sex Minimum
1

Sufficient
2

Good
3

Very good
4

High
5

Excellent
6

Test 1.

F
M

12 claps
15 claps

16 claps
20 claps

20 claps
25 claps

25 claps
30 claps

30 claps
35 claps

35 claps
40 claps

Test 2.

F
M

5 feet
5 feet

6 feet
6 feet

7 feet
7 feet

8 feet
8 feet

9 feet
9 feet

10 feet
10 feet

Test 3.

F
M

Overhang AA 3 s
overhang AA 10 s

Overhang AA 10 s
Overhang A 10 s

Overhang A 3 s
overhang and

pull up 3 s

Overhang A 10 s
overhang and
pull up 10 s

overhang and
pull up 3 s

pull up A 10 s

overhang and
pull up 10 s

LA/RA

Test 4.

F
M Ankle grip fingers-toes fingers-ground fingers

wide-ground/ hands-ground head-knees

Test 5.

F
M

1 min
2 min

3 min
5 min

6 min
10 min

10 min
15 min

15 min
20 min

20 min
30 min

Test 6.

F
M

10 s
20 s

30 s
1 min

1 min
1.5 min

1.5 min
2 min

2 min
3 min

3 min
4 min

A—one arm; AA—double arms; F—female; M—male; LA—left arm; min—minutes; RA—right arm; s—seconds.

Table 2. Standards for individual age categories.

Marks 11–12 Years 13–15 Years

Minimum 6 6
Sufficient 11 12

Good 16 17
Very good 20 22

High 25 27
Excellent 29 31

2.3. Statistical Analysis

The Statistica 10.0 program (TIBCO Software Inc., Palo Alto, CA, USA) was used
for statistical analysis. In the case of variables expressed on qualitative scales, the results
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were presented in the form of frequency distributions with percentage values, while for
variables on quantitative scales, the basic measures of descriptive statistics were calculated:
arithmetic mean, median and standard deviation. Compliance with normal distribution
was tested using the Shapiro–Wilk test. Due to the fact that the variables did not meet
the assumptions regarding the use of parametric methods (the distributions significantly
deviated from the normal distribution), non-parametric methods were used to verify
the hypotheses.

The Mann–Whitney U test was used for comparisons between the two groups, while
Spearman’s rank correlation coefficient was used to analyse the relationships between
the variables. Comparative analyses for the qualitative variables were performed using
the Chi-square test. The significance level was assumed to be α = 0.05. The results were
considered statistically significant when the calculated test probability p satisfied p < 0.05.

3. Results

The age of all subjects in the study ranged from 11 to 15 years of age. The average BMI
of the subjects was 20.68. The shortest pupil was 1.40 m and the tallest was 1.80 m. The
children’s body weight ranged from 33 to 90 kg (Table 3).

Table 3. Characteristics of the studied children.

Variables N x Me Min. Max. SD

Age
[years] 100 13.02 13.00 11.00 15.00 1.23

Body
height [m] 100 1.61 1.60 1.40 1.80 0.08

Body
weight
[kg]

100 53.79 50.00 33.00 90.00 12.52

BMI
[kg/m2] 100 20.68 20.01 14.82 31.16 3.73

N—numbers of participants, Max.—maximum value, Me—median, Min—minimum value, SD—standard devia-
tion, x —average value.

The analysis carried out using the Mann–Whitney U test showed statistically signifi-
cant differences between the study group and the control group with regard to the final
result of Zuchora’s test (p < 0.001). The comparison of arithmetic means and medians
clearly shows that adolescents who actively spend their free time are characterised by a
higher level of physical fitness than their peers choosing passive forms of recreation.

The analysis showed no statistically significant differences between girls and boys
in the study group with regard to the obtained results, but the test probability p result is
at a level tending towards significance. On the other hand, in the control group, there is
a statistically significant difference (p = 0.003) between girls and boys in relation to the
obtained results. On the basis of the arithmetic means and medians, it can be seen that in
both groups girls obtained slightly better results (Table 4).

The comparison of the distribution of scores using the Chi-square test confirms the
earlier observations that the study group is characterised by higher fitness (p < 0.001). In
the group actively spending free time, the majority (58%) are adolescents with a good
level of fitness, 28% are pupils with very good fitness, 10%—high, and only 4% obtained
a satisfactory score (with no minimum scores). In the group preferring passive forms, as
many as two out of three pupils (66%) are only sufficiently fit, 32% obtained the minimum
score, and only 2% are good (with no very good or high scores) (Table 5).
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Table 4. Comparative analysis of the results obtained in the Zuchora test in both groups.

Zuchora Test Results

Group Sex N x Me SD Z p

Study All 50 20.38 20 3.25
8.47 <0.001Control All 50 12.34 13 2.57

Study Female 25 21.16 21 3.22
1.79 0.073Male 25 19.60 19 3.15

Control
Female 25 13.44 14 2.12

2.94 0.003Male 25 11.24 11 2.54

N—numbers of participants, Max.—maximum value, Me—median, Min—minimum value, SD—standard devia-
tion, x —average value, p—test probability, Z—U Mann–Whitney test value.

Table 5. Distribution of grades awarded on the basis of the Zuchora test result and the applicable
standards.

Zuchora Test Results

Mark
Study Control All

N % N % N %

Minimum 0 0.0% 16 32.0% 16 16.0%
Sufficient 2 4.0% 33 66.0% 35 35.0%

Good 29 58.0% 1 2.0% 30 30.0%
Very good 14 28.0% 0 0.0% 14 14.0%

High 5 10.0% 0 0.0% 5 5.0%
All 50 100.0% 50 100.0% 100 100.0%

Chi-sq. test χ2 = 88.6; df = 4; p < 0.001

N—numbers of participants, %—percent of participants, χ2—chi-squared test.

The statistical analysis showed a very clear and statistically significant difference
(p < 0.001) between the groups in the scope of the performed attempts. Pupils in the test
group achieved significantly higher results in each of the individual attempts of Zuchora’s
test than their peers in the control group (Table 6).

Table 6. Comparisons of the results obtained in individual attempts of the Zuchora test between the
study and control groups.

Zuchora Test Results

Test
Study Control p

x Me SD x Me SD

Test 1 3.66 4 0.85 2.58 3 0.84 <0.001
Test 2 3.90 4 0.89 2.84 3 1.00 <0.001
Test 3 3.20 3 1.28 1.62 1.5 0.78 <0.001
Test 4 3.78 3.5 1.39 2.22 2 1.37 <0.001
Test 5 4.10 4 1.34 2.18 2 0.90 <0.001
Test 6 1.74 2 0.94 0.90 1 0.65 <0.001

Me—median, SD—standard deviation, x —average value, p—test probability.

The analysis showed the existence of statistically significant differences (p < 0.001)
between the study and control group in terms of body weight and BMI value. However, the
differences between the groups with regard to age and body height were not statistically
significant (p > 0.05). The analysis carried out with the use of the Mann–Whitney U test
proved the existence of statistically significant differences (p = 0.042) between girls and boys
in the study group in relation to the BMI value. However, the differences between sexes in
relation to age, body height and body weight turned out to be statistically insignificant in
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this group (p > 0.05). In the control group, however, there were no statistically significant
differences (p > 0.05) between girls and boys in terms of age, height and body weight. In
the case of BMI, the value of the test probability p tends towards significance (p = 0.051)
(Table 7).

Table 7. Comparisons of age, weight, height and BMI between girls and boys in the study and control
group.

Variables Sex N x Me SD Z p

All

Age Study 50 12.98 13.00 1.29 −0.36 0.717Control 50 13.06 13.00 1.19

Body height Study 50 1.60 1.60 0.08 −1.12 0.263Control 50 1.62 1.61 0.08

Body weight Study 50 48.04 47.00 7.67 −4.45 <0.001Control 50 59.54 59.50 13.79

BMI
Study 50 18.79 18.36 2.05 −4.89 <0.001Control 50 22.56 21.93 4.09

Study group

Age Female 25 13.00 13.00 1.22
0.12 0.907Male 25 12.96 13.00 1.37

Body height Female 25 1.60 1.60 0.08
0.42 0.677Male 25 1.60 1.58 0.09

Body weight Female 25 46.32 46.00 5.16 −1.48 0.138Male 25 49.76 48.00 9.34

BMI
Female 25 18.19 18.07 1.46 −2.04 0.042Male 25 19.40 19.48 2.38

Control
group

Age Female 25 13.12 13.00 1.17
0.23 0.816Male 25 13.00 13.00 1.22

Body height Female 25 1.63 1.61 0.07
0.76 0.449Male 25 1.61 1.59 0.10

Body weight Female 25 56.96 54.00 12.75 −1.58 0.114Male 25 62.12 63.00 14.56

BMI
Female 25 21.37 20.72 3.61 −1.95 0.051Male 25 23.74 23.88 4.26

N—numbers of participants, Max.—maximum value, Me—median, Min—minimum value, SD—standard devia-
tion, x —average value, p—test probability, Z—U Manna-Whitney test value.

The calculations made for all the subjects revealed statistically significant correlations
between the final result of Zuchora’s test and body weight (R = −0.46; p < 0.001) and BMI
(R = −0.49; p < 0.001). Children with a higher body weight or a higher BMI had lower
results in Zuchora’s test.

Subgroup analysis allows for the discovery of differences in the relationships between
the variables. In the group of active pupils, the final test result is correlated with the BMI
value (R = −0.38; p = 0.006) as well as its components, body height (R = −0.30; p = 0.035)
and body weight (R = −0 49; p < 0.001). As with the calculations for the entire sample, we
are dealing with negative correlations of average strength. In the control group, only the
relationship between age and results is significant (R = 0.34; p = 0.017), and its direction is
positive, which means that older children had higher results in Zuchora’s test (Table 8).
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Table 8. Correlations of the results in the Zuchora test with the parameters of children.

Group A Pair of Variables N R Spearman T (N − 2) p

All
Zuchora & Age 100 0.01 0.12 0.901

Zuchora & Body height 100 −0.13 −1.31 0.192
Zuchora & Body weight 100 −0.46 −5.17 <0.001

Zuchora & BMI 100 −0.49 −5.58 <0.001
Study

Zuchora & Age 50 −0.15 −1.06 0.293
Zuchora & Body height 50 −0.30 −2.17 0.035
Zuchora & Body weight 50 −0.49 −3.86 <0.001

Zuchora & BMI 50 −0.38 −2.86 0.006
Control

Zuchora & Age 50 0.34 2.47 0.017
Zuchora & Body height 50 0.15 1.03 0.310
Zuchora & Body weight 50 0.06 0.39 0.699

Zuchora & BMI 50 0.02 0.11 0.916

4. Discussion

The aim of the study is to check to what extent the physical fitness of pupils spending
leisure time actively differs from that of pupils spending their free time passively.

According to ECOG, it is necessary to explain the differences and similarities between
physical activity and physical fitness. Of course, they are highly dependent and interrelated;
however, they are two separate concepts that also need to be considered separately. Fitness
depends on the level of physical ability (e.g., being able to participate in open-access
physical education classes would require walking or running skills) [33].

Several studies have investigated physical activity and its effects on obesity and health,
showing that regular physical activity combined with improved physical fitness reduces the
risk of obesity and several metabolic problems (e.g., diabetes mellitus, metabolic syndrome,
heart disease) and also improves overall health [34].

Vincent et al., Used the daily step counting method to assess physical fitness. The
study covered three countries: Sweden, Australia and the United States. The authors found
that students from Sweden had the highest level of physical fitness, bearing in mind the
impact of different conditions in which students live. It also found that in Sweden, about
70 percent of students participated in extracurricular sports activities, and in the United
States, only 20 percent of students were physically active in extracurricular activities [35].

The research shows that pupils who spend their free time actively are characterised
by a higher level of physical fitness than their peers who spend their free time passively.
There are statistically significant differences between the study group (active adolescents)
and the control group (passive adolescents) in relation to the final result of K. Zuchora’s
Physical Fitness Index. Most of the study group (58%) completed the test with a good result,
28% with a very good result, 10% with a high result, and only 4% of the group obtained
a satisfactory result (with no minimum scores). In the control group (preferring passive
forms of recreation) as many as two out of three pupils (66%) showed only sufficient fitness,
minimum—as many as 32%, and only 2% were able to perform at a good level. In this
group, no one received a very good or high score. Moreover, pupils in the test group
obtained significantly better results in each individual attempt at Zuchora’s test than their
peers in the control group.

These results are consistent with those of other authors. Children actively spending
their free time dancing obtained much higher results in individual attempts of the test
(the final results were very good and high, only two boys received a good score) than the
group of boys who did not engage in any PA (the final scores were sufficient, with a smaller
percentage minimum and good). The level of PF was assessed in both groups using K.
Zuchora’s Physical Fitness Index [36].

124



Children 2022, 9, 1341

Frömel et al., found that the most common forms of physical activity chosen by boys
were team games, swimming and skateboarding, while in girls the most common forms of
activity were swimming, dancing and skateboarding [37].

The authors’ own research also checked whether the test results depended on age,
height, body weight and BMI. The calculations carried out for all the subjects showed
statistically significant correlations between the final results of the physical fitness test and
body weight and BMI. This means that body weight and BMI have an influence on fitness
level. The analysis carried out separately in the study and control groups allowed for the
observation of differences in the relationships between the variables. In the study group, the
final result of the test was influenced by the BMI value, as well as its components, i.e., body
height and body weight. Here too, the increasing values of the parameters determining
body structure were accompanied by a decrease in the final values of Zuchora’s test. In the
control group, there is only a significant relationship between age and results, and in this
case, the test results increase with age. These results are consistent with the results of other
researchers who found a statistically significant decrease in the level of children’s fitness in
the study group with their height and BMI. Higher efficiency positively correlated with
declarations of active forms of recreation. The authors assessed physical fitness with the
use of Zuchora’s test [3].

Moreover, in another study 1/5 of pupils with excess body weight assessed themselves
as not very active or physically inactive, 40% hardly or never attended physical education
classes, and 1/3 did not systematically engage in any physical activity except PE classes.
Comparing this group with peers with a normal BMI, obese junior high school pupils
turned out to be significantly less physically active, and much less often participated in
PE and sports outside school. However, no statistically significant differences were found
between the groups in terms of the amount of time spent passively [38].

Based on the analysis of the results of Zuchora’s test, it turned out that there are no
statistically significant differences between the girls and boys in the study group, but the
test probability score is at a level tending towards significance. This means that the level of
fitness of both sexes is at a similar level (although we can observe a slightly higher level
in the girls surveyed). In the control group, however, there is a statistically significant
difference between the sexes in relation to the results of Zuchora’s test—girls obtained
better results than boys. Hoos et al., used other studies, claiming that there are no significant
differences between the level of physical fitness of girls and boys; the level of energy spent
on physical activity was the only difference between the sexes [39].

These results are consistent with the results of other researchers who, on the basis of
PF tests carried out with children aged 11–15 years, found that the physical fitness of the
pupils was at a satisfactory level. There were no clear differences in the obtained results
between girls and boys, which indicated a similar development of the skills of all the pupils.
The assessment of the pupils’ free time activity showed that they preferred spending free
time actively [32].

As shown by Riddoch et al., European studies of children’s physical fitness show a
higher level of fitness in boys than in girls [40].

Another test to assess your physical fitness is the Fitnessgram Battery Test. Studies
carried out with its use show that men presented significantly higher results in the test of
upper strength (p < 0.001) and aerobic capacity (p < 0.001), while women showed higher
results in the sit and reach test (p < 0.001) in the torso lifting test (p < 0.005) and in the value
of fat mass (p < 0.001) [41].

Standardised studies carried out using the EUROFIT test showed that Boys performed
significantly (standardised differences > 0.2) better than girls in the tests of muscle strength,
muscle power, muscle endurance, speed and CRF, but worse in the flexibility test. Physical
function generally improved faster in boys than in girls, especially in adolescence [42].

In another study which used Zuchora’s PF Index more than half of the examined
pupils undertook physical activity two to three times a week; 12% of the subjects declared
low physical activity. Only 9% of the adolescents undertook physical activity five times

125



Children 2022, 9, 1341

a week or more. Pupils in this group showed better fitness in the test than those who
practiced sports less frequently. Moreover, decreased physical fitness was found in the
group of pupils with an excessive BMI index, and the examined girls showed higher fitness
than boys. The analysis of the results proved that age does not significantly affect the level
of physical fitness of the pupils [43].

Analysing our own research, it was found that in the study group there were statisti-
cally significant differences between girls and boys (p < 0.05) in relation to the BMI value.
However, in relation to age, height and weight, the differences between the sexes in this
group turned out to be statistically insignificant (p > 0.05).

In the control group, there were no statistically significant differences (p > 0.05) with
respect to age, height, weight and BMI. However, in relation to BMI, the value of the test
probability p tended towards significance (p = 0.051)—boys were characterised by a slightly
higher body mass index. The better results obtained by girls may be a consequence of lower
body mass indexes of girls as compared to boys.

In a large Greek cohort of 424,328 girls and boys aged 6–18 years, boys typically
outperformed girls for cardiovascular endurance, muscular strength, muscular endurance,
and speed/agility, but lower flexibility (all p < 0.001). Older boys and girls achieved better
results than younger ones (p < 0.001). Physical fitness test scores peaked around age 15 for
both sexes [44].

The boys’ fitness was better than that of the girls, with the exception of the sit down
and press the back test, in which the girls performed better. Except for the sit down and
back press test and the 10 × 5 m pendulum run test, physical fitness was significantly
related to age. These results were obtained from a sample of 11,186 children and adolescents
(5546 boys and 5640 girls) aged 10 to 15 years old and were assessed in the French national
BOUGE study. Participants were tested for cardiorespiratory fitness, muscular endurance,
speed, flexibility and agility with the following tests: the 20 m Pendulum Test, Rollback
Test, 50 m Sprint Test, Sit and Bench Test, and the 10× Test 5-m shuttle test. Percentile
values were estimated for French youth as a function of age stratified by sex using the
Generalised Additive Location, Scale and Shape (GAMLSS) model [45].

As for results from our own research, the correlations between BMI and the results
of the fitness test turned out to be very significant; the score decreased with an increase
in BMI. Moreover, girls were shown to be better than boys in Zuchora’s test. This may be
related to the average lower BMI of female pupils than male pupils. Free time physical
activity significantly influenced the level of physical fitness in the children. Pupils who
declared active recreation obtained significantly higher results in individual attempts of
Zuchora’s test, compared to their peers whose way of spending their free time was almost
completely passive.

Many authors also compare the level of physical fitness of students living in different
regions. Loucaides et al., studied the physical fitness of students from rural and urban
areas living in Cyprus, taking into account the summer and winter periods. The authors
found that the children showed much greater physical activity in the summer, taking into
account the place of residence of the children. Students from urban regions were slightly
more active in winter than in rural areas, where they were more active in summer [46].

Children’s physical fitness is an extremely important aspect of their future health. The
conducted research proved that physical fitness depends on whether we spend our free
time passively or actively. That is why it is so important for parents to encourage their
children to spend their free time actively while setting an example themselves.

It is worth emphasising that the literature does not contain many items of litera-
ture comparing the assessment of physical fitness using the Zuchora index. Many re-
searchers describe PA under the concept of PF, which is a mistake because they are two
different concepts.
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Limitations

The data are cross-sectional and do not allow for an analysis of cause-and-effect
relationships. Consequently, we do not know the direction of the relationships found.

Another limitation is the small study group and the lack of a normal distribution of
results, which prevents more advanced analyses.

The results may be limited to some extent because they were conducted in one school
and the research sample was not an ideal representation of the child population.

5. Conclusions

The level of physical fitness is higher in the case of those undertaking active forms
of recreation than in the case of those engaged in passive leisure. Physical fitness tends to
increase with age but decreases with increasing BMI. Girls are characterised by a higher
level of physical fitness than boys.

Future research should focus on more people and should be repeated annually. It
would also be worth comparing the above results at different times of the year, or with a
sports intervention for a certain period of time.
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młodych piłkarzy ręcznych w rocznym cyklu szkolenia. Rozpr. Nauk. AWF We Wrocławiu 2011, 35, 131–136.
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prawidłową masą ciała. Endokrynol. Otył. Zab. Przem. Mat. 2012, 8, 16–23.

15. World Health Organization. Physical Actvity. Available online: http://www.who.int/news-room/fact-sheets/detail/physical-
activity (accessed on 15 May 2022).

16. Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Aktywność fizyczna, ćwiczenia i definicje fizyczne: I rozróżnienie w badaniach
ze zdrowiem. Rap. Zdrowiu 1985, 100, 126.

17. Warburton, D.E.; Nicol, C.W.; Bredin, S.S. Health benefits of physical activity: The evidence. CMAJ 2006, 174, 801–809. [CrossRef]
18. Ruegsegger, G.N.; Booth, F.W. Health Benefits of Exercise. Cold Spring Harb. Perspect. Med. 2018, 8, a029694. [CrossRef]
19. Reiner, M.; Niermann, C.; Jekauc, D.; Woll, A. Long-term health benefits of physical activity–a systematic review of longitudinal

studies. BMC Public Health 2013, 13, 813. [CrossRef]
20. Janssen, I. Physical activity guidelines for children and youth. Appl. Physiol. Nutr. Metab. 2007, 32, 109–121. [CrossRef]
21. Janssen, I.; LeBlanc, A. Systematic Review of the Health Benefits of Physical Activity in School-Aged Children and Youth. Appl.

Physiol. Nutr. Metab. 2010, 7, 40–55. [CrossRef]
22. US Department of Health and Human Services. Physical Activity Guidelines Advisory Committee Report; US Department of Health

and Human Services: Washington, DC, USA, 2008; pp. 22–23.
23. World Health Organization. Recommended Population Levels of Physical Activity for Health; World Health Organization: Geneva,

Switzerland, 2010; pp. 17–21.
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wiejskich na przykładzie uczniów Zespołu Szkół w Ołdakach. Pediatr. Med. Rodz. 2017, 13, 527–539. [CrossRef]

33. O’Malley, G.; Ring-Dimitriou, S.; Nowicka, P.; Vania, A.; Frelut, M.L.; Farpour-Lambert, N.; Weghuber, D.; Thivel, D. Physical
Activity and Physical Fitness in Pediatric Obesity: What are the First Steps for Clinicians? Expert Conclusion from the 2016 ECOG
Workshop. Int. J. Exerc. Sci. 2017, 10, 487–496.

34. Kyröläinen, H.; Santtila, M.; Nindl, B.C.; Vasankari, T. Physical fitness profiles of young men: Associations between physical
fitness, obesity and health. Sports Med. 2010, 40, 907–920. [CrossRef]

35. Vincent, S.; Pangrazi, R.; Raustorp, A.; Tomson, M.; Cuddihy, T. Activity levels and body mass index of children in the United
States, Sweden, and Australia. Med. Sci. Sports Exerc. 2003, 35, 1367–1373. [CrossRef]
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Abstract: The aim of this study was to conduct a systematic review of the school-based exercise
programs for promoting cardiorespiratory fitness in overweight and obese children aged 6 to 10.
Electronic databases (Web of Science and PubMed) were used as searching tools for collecting
adequate studies published in the past 20 years. A total of 13 studies met the criteria for inclusion in
this review, with a total of 2810 participants, both male and female. According to the results of this
systematic review, overweight and obese children aged 6 to 10 who underwent certain interventions
had their CRF improved. Furthermore, evidence suggested that interventions carried out during
a longer period of time suggested led to greater improvement of cardiorespiratory fitness than
a shorter one, but the level of cardiorespiratory fitness gradually decreases after the intervention.

Keywords: physical activity; physical fitness; motor competence; children; health; monitoring and
promoting; sport; sedentary behavior; obesity; well-being

1. Introduction

Cardiorespiratory fitness (CRF) is one of the most important health components of
physical fitness [1], which is mainly expressed in maximal oxygen intake (VO2max) or in
metabolic equivalents (MET) [2]. Cardiorespiratory fitness in children has a well-established
link to overall health in youth and can lower the risk of cardiovascular disease (CVD) in
later life [3–5]. Furthermore, it has been shown that there is a link between low CRF in
childhood and early mortality in adulthood [6]. Therefore, in order to minimize the effects
of CVD later in life and to prevent early mortality, it is strongly advised to concentrate
on improving CRF from a young age [7,8]. It is well documented that overweight and
obese children have lower CRF, and they are not able to train as hard and intensively as
children with normal weight [9]. Furthermore, being overweight or obese as a child raises
the risk of CVD in adulthood [10,11]. The negative effects of CRF and obesity from early
age may be affected by being physically inactive [12,13]. On the other hand, it is proven
that being physically active greatly influences the improvement of CRF in overweight and
obese children aged 6 to 10 [14–17].

There is an increase in school interventions aiming to improve and promote CRF
in early childhood [18–22]. Castro-Piñero et al. [23] state in their study that a CRF is
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a reliable indicator of CVD risk and should be tracked to identify children who may be
at CVD risk. This study also suggests that, between baseline and follow-up, VO2max
considerably decreased in both boys and girls (p < 0.001). They also concluded that the
CRF should be a monitored system in order to prevent the potential occurrence of CVD.
Regarding the program frequency, in order for overweight and obese children to have
positive results, the CRF exercise program should be conducted three to four times a week
for at least 6 weeks [24]. Recently, high-intensity circuit training (HIIT) has shown to be
an effective exercise intervention that led to significant improvements and, therefore, could
be included in regular classes [25]. Studies suggest that the HIIT method leads to a large
improvement in CRF in children and affects the parameters related to neuromuscular and
aerobic performance [26]. Furthermore, Stanly and Dharuman [27] state, in their study, that
tai-chi, pilates, and yoga have proven to be methods that greatly influence the improvement
of CRF.

It is essential to increase people’s understanding of how low CRF may have a range
of negative effects throughout life [28], and its development should start in childhood.
Therefore, improving CRF should be an integral part of physical education programs in
all lower grades of primary schools. The aim of this work was to conduct a systematic
review of the school-based exercise programs for promoting CRF in overweight and obese
children aged 6 to 10.

2. Materials and Methods
2.1. Literature Identification

According to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) standards, studies were searched and analyzed [29]. The following
databases were searched to collect relevant literature for this study: PubMed and Web
of Science. The following terms were used during the search: ((school-based OR school-
program OR intervention OR preschool OR primary school OR elementary school) AND
(cardio-respiratory fitness OR CRF OR cardio fitness OR VO2max OR maximal oxygen
consumption OR heart rate)) AND (overweight OR obese) NOT disease. Child: 6–12 years
filter was turned on (Table 1). Studies are selected on the basis of titles, keywords, and
abstracts, but primarily on the basis of the content of the study published in its entirety.

Table 1. Search strategy to identify articles.

Search 1 Search 2 Search 3 Filters

school-based
school program

Intervention
preschool

primary school
elementary school

cardio-respiratory fitness
CRF

cardio fitness
VO2max

maximal oxygen consumption
heart rate

overweight
obese child: 6–12 years

The data were analyzed using the descriptive approach, and the titles and abstracts
evaluating CRF in overweight and obese children were used to determine whether or not
a particular study was included. Studies were carefully identified, and they were only
deemed pertinent if they fit the inclusion criteria. Two authors (D.S. and S.M.) carried out
the research search, value evaluation, and data extraction. Each author then carried out
cross-identification of studies, after which the study was either accepted or rejected for
further analysis.

2.2. Inclusion Criteria

To be taken into account for the final analysis, the study had to meet the following
criteria: The first requirement was that the study examines the relationship between school
exercise programs and CRF among overweight and obese children aged 6 to 10. This
selection criterion was used to rule out studies that included children who were not of this
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age and studies whose goal was not to determine how the school exercise program affected
cardiorespiratory fitness. The second requirement was that the study’s participants had to
be overweight or obese. The research had to have been published within the last 20 years,
which was the third requirement. The fourth criterion was that the studies were published
in English. The fifth criterion was that studies were original research (Figure 1).
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2.3. Risk of Bias Assessment

The study’s quality and viability for inclusion, in the final analysis, were evaluated
by two separate authors (S.M. and D.S.). The “Rayyan” web tool was used to do blind
reviewing. A third reviewer (M.T.), who made the ultimate determination in cases of
dispute on the findings on the assessment of the risk of bias, evaluated the collected data.

3. Results
3.1. Quality of the Studies

Pedro scale results were shown in Table 2. The total number of studies included in the
quantitative synthesis and the points each study obtained on the PEDro scale were used to
generate the study assessment scores [30]. The first criterion, which determines eligibility,
is concerned with external validity but is not factored into the final result.
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Table 2. PEDro scale results.

Criterion
Study 1 2 3 4 5 6 7 8 9 10 11 ∑

Thivel et al. (2011) [31] Y Y Y Y N N N Y Y Y Y 7
Resaland et al. (2011) [32] Y N N Y N N N N Y Y Y 4

Yin et al. (2012) [33] Y Y Y Y N N N N Y Y Y 6
Krustrup et al. (2014) [34] Y Y Y Y N N Y Y Y Y Y 8

Khan et al. (2014) [35] Y Y Y Y Y N N Y Y Y Y 8
Tan et al. (2015) [36] Y Y Y Y N N N Y Y Y Y 7

Martinez et al. (2016) [19] Y Y Y Y N N N Y Y Y Y 7
Leeuwen et al. (2018) [17] Y N N N N N N Y Y N Y 3

Ye et al. (2019) [22] Y Y Y N N N N Y N Y Y 5
Davis et al. (2019) [16] Y Y Y Y Y N N Y Y Y Y 8

Espinoza-Silva et al. (2019) [37] Y N N Y N N N Y Y Y Y 5
Leandro et al. (2021) [14] Y Y Y Y N N N Y Y Y Y 7

Martinez-Viscaiano et al. (2022) [15] Y Y Y Y Y Y Y Y N Y Y 9

Legend: 1—eligibility criteria; 2—random allocation; 3—concealed allocation; 4—baseline comparability; 5—blind
subject; 6—blind clinician; 7—blind assessor; 8—adequate follow-up; 9—intention-to-treat analysis; 10—between-
group analysis; 11—point estimates and variability; Y—criterion is satisfied; N—criterion is not satisfied; ∑—total
awarded points.

3.2. Selection and Characteristics of Studies

The electronic databases were searched, and 1451 studies were located. Following
the elimination of duplicate research, systematic reviews, and meta-analyses, 1324 studies
were left. After 1277 research were disqualified owing to inclusion requirements, 42 studies
were evaluated for eligibility. A total of 13 papers were included in the final analysis after
the remaining studies were reviewed and thoroughly read (Table 3).

Table 3. Participants, variables, interventions and results of included studies.

First Author and
Year of

Publication
Sample of Participants PF Type of

Intervention
Duration of
Intervention Results

Number Age Weeks

Thivel et al. (2011)
[31] N—457 6–10 SRT, CPP, RHR,

HRR
AL, 2/week

(60 min) 26
HRR↑
RHR↑
(E&C)

Resaland et al.
(2011) [32]

N—256
M—125
F—131

9–10
TRE, VO2peak,

HRpeak

Daily, MVPA
(60 min) 104

VO2peak↑
(E)

Yin et al. (2012) [33] N—574 8.7 ± 0.5 ST, HR Daily, Kids4Fit
(120 min) 156 HR↑

(E&C)

Krustrup et al.
(2014) [34]

N—51
M—21
F—30

9–10
CTE, IVRTglobal,
LVSEF, LVPWD,
RHR, RBP, HR,

HRmax

SSF, 3x/week
(40 min) 10 LVSEF↑

IVRTglobal↑(E)

Khan et al. (2014)
[35]

N—220
M—117
F—103

8–9 TRE, HR, VO2max
Daily MVPA

(70 min) 39 VO2max↑
(E)

Tan et al. (2015)
[36] M—46 8–10 SRT, VO2max, HR,

FATmax

Daily PA
(40 min) 10 VO2max↑

(E)

Martinez et al.
(2016) [19]

N—94
M—52

F-42
7–9 SRT, TRE, VO2max,

EPOC, HRmax
HIIT, 2x/week

(90 min) 13
VO2max↑
EPOC↑

(E)

Leeuwen et al.
(2018) [17]

N—154
M—66
F—88

8.5 ± 1.8 SRT, VO2max, BP
Kids4Fit, 2xweek;

1xweek
(20 min)

13
VO2max↑

BP↑
(E)

Ye et al. (2019) [22]
N—81
M—42
F—39

9.23 ± 0.62 HMR, VO2max
EXG, 1/week

(50 min) 35 /
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Table 3. Cont.

First Author and
Year of

Publication
Sample of Participants PF Type of

Intervention
Duration of
Intervention Results

Number Age Weeks

Davis et al. (2019)
[16]

N—75
M—29
F—46

9.5–9.8 TRE, PWV, BP,
VO2peak

Daily, ASAE
(40 min) 35

VO2peak↑
(E)

Espinoza-Silva et al.
(2019) [37]

N—274
M—120
F—154

7–9 6MWT, BP, VO2max
HIIT, 2x/week

(40–50 min) 30 VO2max↑
(E)

Leandro et al.
(2021) [14] M—41 7–9 ABPM, RHR, BP PLT 3x/week

(20 min) 13
BP↑

RHR↑
(E)

Martinez-Viscaiano
et al. (2022) [15]

N—487
M—233
F—254

9.89 ± 0.71 SRT, BP, VO2max
HIIT, 4x/week

(60 min) 39
BP↑

VO2max↑
(E/onlyF)

Legend: ↑ significant improvement; N—number of respondents; M—male participants; F—female participanrts;
E—experimental group; C—control group; PF—physical fitness test; PA—physical activity; SSF—small-sided
football; AL—additional lessons; PLT—plyometric training; HIIT—high intensity interval training; VO2max—
maximal oxygen consumption; VO2peak—peak oxygen uptake; HR—heart rate; RHR—rest heart rate; HRR—heart
rate reserve; HRpeak—peak heart rate; HRmax—maximum heart rate; LVSEF—left ventricular systolic ejection
fraction; IVRTglobal—global isovolumetric relaxation time; LVPWD—left ventricular posterior wall diameter;
PWV—Carotid-femoral pulse wave velocity; BP—blood pressure; RBP—rest blood pressure; EPOC—excess
post-exercise oxygen consumption; ST—step test; 6MWT—6 min walk test; HMR—half-mile run; Kids4Fit—
multidisciplinary weight reduction program; CTE—comprehensive transthoracic echocardiography; ABPM—
automatic arterial blood pressure monitor; TRE—treadmill protocol; CPP—cycle peak power; SRT—shuttle run
test; MVPA—moderate-to-vigorous intensity physical activity; EXG—exergaming; ASAE—after school aerobic
exercise; FATmax—the intensity of maximal fat oxidation rate.

Thirteen studies met the inclusion criteria for inclusion in this review. The oldest study
was published in 2011 [31], and the most recent one is from 2022 [15]. The total number
of participants was 2810. The highest number of participants was 574 [33] (Yin), and the
lowest number of participants was 41 [14]. In almost all studies, the participants were
both sexes. However, in two studies, the participants were only male [14,36], while no
study was performed with females only. The longest intervention (36 months) was by [33],
and the shortest interventions (two and a half months) were by Krustrup et al. [34] and
Tan et al. [36]. All studies aimed to improve CRF, and post-intervention CRF improvement
was found in all studies except in one [22]. The interventions most used in the studies were
high-intensity interval training [15,19,37] and daily physical activity [16,32,33,35,36].

There were eight studies that increased VO2max/VO2peak with physical activity ses-
sions that lasted between 20 to 90 min; session frequency varied between daily, four times
a week, two times a week, and once a week [15–17,19,32,35–37]. Heart rate and RHR were
improved in three studies [14,31,33] by physical activity sessions that lasted either 20, 60,
or 120 min; session frequencies varied between daily, two times a week, and three times
a week. Blood pressure was improved in three studies [14,15,17] by physical activity ses-
sions that lasted 20 or 60 min, and session frequencies varied between two, three, and four
times a week.

4. Discussion

The current study aimed to conduct a systematic review of the school-based exercise
programs for promoting cardiorespiratory fitness (CRF) in overweight and obese children
aged 6 to 10. CRF has an important role in children’s health status. According to the results
of the reviewed studies, twelve school-based programs have shown to affect the improve-
ment of CRF in overweight and obese children aged 6 to 10 to some extent. Consequently,
interventions such as high-intensity interval training, plyometric training, multidisciplinary
weight reduction program (Kids4Fit), football, and active video gaming have a positive
influence on CRF in children and reduce the risk of CVD. Therefore, the school’s physical
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education program should include exercises for promoting CRF in order to increase their
aerobic capacity.

A key goal of lowering cardiovascular complications is to increase exercise capacity and
CRF [38]. The main parameters that indicate CRF improvements tend to be VO2max, VO2peak,
excess post-exercise oxygen consumption (EPOC), and resting HR [14,15,19,33,35–37]. Ex-
cept for one study [22], all studies that have been reviewed achieved improvements in CRF
with specific intervention. However, the question is whether these are safe and appropriate
interventions for children aged 6 to 10 in terms of individualization and specificity [39].
Yin et al. [33], in their study, showed a positive trend in improving CRF, which is shown by
heart rate (bpm) (p < 0.001), in favor of the intervention group. Additionally, plyometric
training has proved to be another beneficial tool for lowering heart rate in a resting posi-
tion [14]. Tan et al. [36] tend to improve CRF through various 40 min physical activities
(walking, running, and ball games). A positive method in this study was that assessors
had constant control over the subjects’ HRs which they wore during every training ses-
sion. In another study, Thivel et al. [31] showed similar results according to CRF in the
control and intervention groups. Actually, both control and intervention groups had signif-
icant increases in CRF, which was defined by the number of fully completed stages in the
shuttle run.

There is strong evidence that high-intensity interval training (HIIT) can be a feasible
and powerful tool for improving CRF [40–43]. The literature review reveals that HIIT
training is popular among older populations [44–47]; however, there are papers that inte-
grate school-based programs for younger groups aged 6 to 10. Martinez-Visciano et al. [15]
concluded that HIIT training improved the girls’ CRF throughout one school year. On the
other hand, Martinez et al. [19] proved that VO2max in overweight children was enhanced
in only three months while conducting two HIIT training sessions per week and using high-
intensity intermittent exercises and sports activities such as: half-squats, sprints, jumps,
and horizontal shot puts. In addition, strategies with exercise machines such as bicycles
and treadmills, as well as basic motor skills (running, jumping, throwing), were applied in
high-intensity programs [37]. Evidence suggests that school-based HIIT training program
leads to improvement of aerobic capacity of overweight and obese children.

School-based exercise programs for increasing CRF in overweight and obese children
aged 6 to 10 included after-school aerobic workouts, moderate to vigorous physical activity
(MVPA), the multidisciplinary weight reduction program (Kids4Fit), and the intensity of
maximal fat oxidation rate (FATmax) [16,32,33,35,36]. It can be said that CRF and aerobic
capacity of children aged 6 to 10 have significantly improved as a result of everyday
participation in these physical activities. Additionally, Leeuwen et al. [17] used Kids4Fit as
an intervention to enhance CRF, with the intervention taking place twice a week during
the initial six weeks while being carried out the intervention once a week during the final
six weeks. While conducting this study, a significant positive effect on CRF was also noticed
in overweight and obese children, but after the intervention, CRF gradually declined. These
findings would suggest that Kids4Fit was a good school-based intervention program for
promoting CRF in children aged 6 to 10, but it is necessary to do the intervention daily
and for a longer period of time for the CRF to continue improving. The regular classes
of physical education are not enough in order to promote the children’s CRF. However,
if two additional workouts, which include exercises to improve coordination, strength,
endurance, speed, and flexibility, are added to regular classes, the improvement of the CRF
in overweight and obese children can be greatly influenced [31]. Furthermore, exergaming
and small-sided football are two interesting and fun ways to include additional classes of
vigorous intensity. In addition to children’s enjoyment, they also regulate their CRF by
using these interventions [22,45]. It is necessary for the realization of children’s regular
classes to be fun and playable in order to improve their CRF.

The main limitation of this review was the small number of articles engaging CRF
in children aged 6 to 10. In addition, the majority of studies included children with
average body weight. Secondly, the study covered only overweight and obese children
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who are more likely to increase their CRF due to them being less active than children
of average weight. The third limitation of the study is the variety of ethnicities among
participants since the mentalities of different cultures regarding physical activity and
motivation differences.

5. Conclusions

The results of this systematic review showed that there were interventions that led
to improvement in CRF in overweight and obese children aged 6 to 10. Long-lasting
interventions led to greater improvement of CRF than a shorter intervention. Our findings
provide evidence that school-based exercise programs greatly influence the CRF parameters
such as maximal oxygen intake, peak oxygen uptake, heart rate, and resting heart rate, but
it gradually declines after the intervention.
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Abstract: This study aimed to determine the optimal functional movement screen (FMS) cut
score for assessing the risk of sport injury, and to investigate the correlations between functional
movement quality and sprint and jump performance. Twenty-four (N = 24) athletes performed all
tests in one day at 10–30 min intervals, and the FMS test was performed first, without a warm-up
session. After a standard warm-up, athletes then completed the Y-balance Test (YBT), sprint,
counter-movement jump (CMJ), and standing long jump (SLJ), in turn. For each test, the best
of three attempts was recorded for further analysis. A receiver operating characteristic (ROC)
curve and area-under-the-curve (AUC) were used to determine the optimal FMS cut score for
assessing the risk of sport injuries, and Spearman’s rank correlation analysis was used to quantify
associations between functional movement scores and athletic performance. The average FMS
score was 16.2 and the optimal FMS cut score for assessing the risk of sport injuries was 14.5.
There were moderate relationships between total FMS score and 10–20 m sprint time (r = −0.46,
p < 0.05), between In-line Lunge and 0–20 m sprint time (r = −0.47, p < 0.05), between Shoulder
Mobility and 0–10 m sprint time (r = −0.48, p < 0.05), and between Trunk-stability Push-up and
10–20 m sprint time (r = −0.47, p < 0.05). Moreover, Hurdle Step score was largely correlated with
0–10 m time (r = −0.51, p < 0.05). For Y-balance, moderate correlations were observed between
CMJ height and anterior asymmetry score (r = −0.47, p < 0.05) and posteromedial asymmetry score
(r = −0.44, p < 0.05). However, there were no significant associations between YBT performance
(asymmetric in three directions and composite score) and sprint performance (p > 0.05). Taken
together, the results indicate that a FMS score of 14 is not a gold standard for assessing the risk
of injury in all populations; we recommend that the FMS cut score of 14.5 should be the optimal
score for assessing risk of injury in young female elite soccer players. Moreover, the FMS and YBT
were introduced to assess the quality of functional movements, and they cannot be used to assess
sprint and jump performance. Practitioners can use components of the FMS that have similar
characteristics to specific sports to assess athletic performance.

Keywords: youth; sprint; jump; YBT; FMS

1. Introduction

The game of professional soccer demands a high level of physical performance from
players, all of whom need to have excellent strength, speed, endurance, etc. For soccer
athletes, several tests have been conducted to assess performance. The most common
measurement tools include 1-repetition maximum (1RM) [1], rate of force development [2],
505 change of direction [3], and the yo-yo test [4]. Notably, these tests only provide
information on musculoskeletal and cardiopulmonary fitness, and lack functional insight.
Insufficient functional ability can reduce athletic performance and increase the risk of
injury; it is thus essential to identify functional deficits using functional screening tools [5].
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Presently available functional screening tools include functional movement screening
(e.g., functional movement screen, FMS) and functional asymmetric screening (e.g., Y-
balance Test, YBT). FMS was introduced to evaluate functional limitations, and was essential
in determining mobility and stability when performing fundamental movement skills [6]. It
can also assess maximal strength, postural control, and range of motion [7]. The capability
of functional movement refers to the ability to perform essential motor skills (locomotor,
stabilization, and manipulation) under controlled conditions [6]. The FMS test comprises
seven distinct tests, which are scored from 0 to 3, and a composite score ranges from 0 to 21.
Furthermore, FMS is a reliable assessment tool for interrater (ICC: 0.81; 95% CI: 0.74–0.8)
and interrater reliability (ICC: 0.81, 95% CI: 0.70–0.92) [8]. YBT was derived from the Star
Excursion Balance Test (SEBT) [9] and can be used to assess dynamic balance, functional
asymmetric, proprioception, and strength [10]. Numerous studies have proved that YBT is
a reliable assessment of dynamic balance (ICCS: 0.85–1.00) [9,11].

Due to their role in identifying functional deficits, these functional screening tools
can be a useful predictor of injury risk. Massive studies have examined the validity of
the FMS as a tool for predicting injury risk. A study conducted by Kiesel et al. [12] found
that football athletes with FMS score of ≤14 showed greater risk of sports injury than
those with higher scores. Elsewhere, this finding was also proved by other studies [13,14].
However, FMS cut score is influenced by a variety of factors, including training state, sport
participating, gender, age, etc. It is therefore necessary to determine the optimal FMS cut
score for different populations, a number which can then provide useful information for
athletes and practitioners. However, to the author’s knowledge, no studies have been
conducted on the optimal FMS cut score in populations of young female football athletes.

These functional screening tools were introduced to assess movement quality, which
also can be indicative of sports performance [15]. Okada et al. [16] found that the FMS score
is relatively strongly associated with lower-limb strength performance (r = −0.38~−0.46)
in recreational mixed-gender athletes. Similarly, significant correlations between FMS and
vertical jump and agility have been observed in youth soccer athletes [17]. Furthermore,
Liang et al. [18] explored whether FMS score was associated with athletic performance in
collegiate baseball players. The authors reported that greater FMS scores indicated better
speed and agility performance. However, conflicting results have been reported in other
studies. Parchmann and McBride [19] reported no significant correlations between FMS
scores and sprint time, jumping, or agility performance in college golfers. Similarly, the
FMS score was not associated with selected physical performance in active subjects [20]. It
is worth noting that the authors of these studies creatively combined athletes of different
genders or studied male players only.

Therefore, this study aims to: (1) determine the optimal FMS cut score for assessing
risk of sports injury in female youth football players; and (2) investigate the correlations
between functional movement quality (FMS and YBT) and sprint and jump performance.
It is hypothesized that the optimal FMS cut score is higher than 14, and that functional
movement quality is strongly correlated with sprint time and jump performance.

2. Materials and Methods

A cross-sectional design was used to determine the optimal FMS cut score and whether
the functional movement quality (FMS and YBT) was related to sprint and jump perfor-
mance in young female soccer athletes. Subjects performed all tests in one day at 10–30 min
intervals. The FMS test was conducted without warm-up. After the FMS test, all athletes
underwent 20 min standard warm-up sessions, including 5 min cycling and 15 min static
and dynamic stretch [21]. Afterward, the athletes completed Y-balance, sprint, and jump
tests in turn. For all tests, all athletes took three attempts at 2–3 min intervals, and the best
performance was recorded for further analysis [22].
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2.1. Participants

Twenty-four female youth soccer athletes (age: 14.79± 0.40 years, height: 166.63 ± 5.29 cm,
mass: 53.33 ± 6.19, BMI: 19.17 ± 1.71 kg/m2) from Team China participated in this study.
Before this study, all athletes were provided information about the procedures and study
objectives. Participants were excluded if they were in their menstrual cycle. This study was
approved by the Ethics Committee of Beijing Sport University (14 January 2022), and all
subjects voluntarily participated in this study and signed informed consent forms.

2.2. 20 m Sprint

The 20 m sprint was measured by the light timing system (Swift EZE Jump, Version
2.5.28, Brisbane, Australia). Three pairs of light gates were placed at 0, 10 and 20 m with a
height of 60 cm. To avoid triggering the beam of the timing gates before the start of the test,
subjects started 30 cm behind the starting line in a 2-point stance.

2.3. Vertical and Horizontal Jump

The countermovement jump (CMJ) was measured using a force plate form (Kistler,
Version 2822A1-1, Winterthur, Switzerland). Subjects were instructed to rapidly squat
down to a predetermined degree (approximately 60◦ knee flexion angle) and then jump
as high as possible. The distance of the standing long jump (SLJ) was measured using a
standard tape.

2.4. Functional Movement Screen

All athletes completed a functional movement assessment through the FMS test, which
was performed according to the standard guidelines [23]. Athletes were not allowed to
have any warm-up prior to the test. Each component of the FMS was scored from 0 to
3. The score of 0 indicated that participants felt pain during the test, and the score of
3 indicated perfect performance. Each of the seven movements was repeated no more than
three times, and only the best of the three repeats was recorded.

2.5. Y-Balance Test

In YBT, the dynamic balance was examined in three directions: anterior, posteromedial,
and posterolateral. The athlete stood on one leg in the stationary center of the Y-balance kit
with hands on the hips, and was instructed to stretch the contralateral lower limb as far
forward as possible. After three formal trials on one limb, the athlete stood on the opposite
lower limb and stretched in the same direction. Each direction was repeated two times with
1 min interval, and the best repetition was recorded. In addition, the lower-limb length was
measured from the athlete’s anterior superior spine to Epicondylar medial ankle [24,25].
YBT composite score was calculated using the following formula: (anterior + posteromedial
+ posterolateral performances in cm)/3 × lower-limb length in cm) × 100 [24].

2.6. Statistical Analysis

Data are presented as mean ± standard deviation (SD). The FMS cut score was deter-
mined using the receiver operating characteristic (ROC) curve and area-under-the-curve
(AUC). Spearman’s rank correlation analysis was used to quantify associations between
selected variables. The strength of correlation was determined as small (<0.29), moderate
(0.3~0.49), large (0.5–0.69), or very large (>0.7) [26]. The statistical analysis was performed
using SPSS (Version 22 for Windows, Armonk, NY, USA. IBM Corp). Statistical significance
was set at p < 0.05.

3. Results
3.1. Descriptive Characteristics

Table 1 demonstrates the descriptive statistics for characteristics of participants, func-
tional screen, and physical performance. All athletes completed all five tests. The players’
positions were striker (n = 7), midfielder (n = 6), fullback (n = 8) and goalkeeper (n = 3). The
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FMS score ranged from 13.90 to 18.50, with a mean of 16.20 ± 2.30. Moreover, the mean
YBT composite score was 96.65 ± 4.14, ranging from 92.51 to 100.79.

Table 1. Descriptive statistics for characteristics of participants, functional screening, and physical performance.

Variables
(Mean ± SD) Total (n = 24) Striker (n = 7) Midfielder (n = 6) Fullback (n = 8) Goalkeeper (n = 3)

Age (years) 14.79 ± 0.40 14.42 ± 0.49 15.00 ± 0.00 15.00 ± 0.00 14.67 ± 0.47
Height (cm) 166.63 ± 5.29 162.57 ± 3.89 165.50 ± 3.54 167.50 ± 3.35 176.00 ± 1.63
Mass (kg) 53.33 ± 6.19 50.00 ± 5.63 55.33 ± 8.13 54.00 ± 4.30 55.33 ± 3.39

BMI (kg/m2) 19.17 ± 1.71 16.86 ± 1.43 20.11 ± 2.11 19.22 ± 1.13 17.87 ± 1.21
FMS score 16.20 ± 2.30 16.14 ± 1.25 16.50 ± 2.36 15.87 ± 2.80 16.70 ± 2.49
YBT score 96.91 ± 4.00 98.15 ± 3.58 96.66 ± 4.18 95.99 ± 4.23 95.55 ± 4.7
0–10 m (s) 2.06 ± 0.05 2.08 ± 0.05 2.07 ± 0.04 2.05 ± 0.06 2.04 ± 0.02
10–20 m (s) 1.45 ± 0.05 1.47 ± 0.07 1.44 ± 0.03 1.44 ± 0.03 1.47 ± 0.04
0–20 m (s) 3.52 ± 0.89 3.55 ± 0.12 3.53 ± 0.7 3.49 ± 0.07 3.51 ± 0.06
CMJ (cm) 29.62 ± 3.62 30.07 ± 2.80 28.32 ± 4.38 30.79 ± 3.88 28.00 ± 1.24
SLJ (cm) 208.17 ± 10.60 208.14 ± 7.47 199.67 ± 8.05 210.63 ± 10.96 218.67 ± 6.94

BMI, Body Mass Index; FMS, Functional Movements Screen; YBT, Y-Balance Test; CMJ, Countermovement Jump;
SLJ, Standing Long Jump; n, number; years, years; cm, centimeter; m, meter; s, second; kg, kilogram.

3.2. Receiver Operating Characteristic Curve and Area under the Curve Analyses

For all athletes, the FMS cut score was 14.5. A relatively high AUC of 0.90 was observed
(p = 0.004), and the sensitivity and specificity were 0.889 and 0.833, respectively. Moreover,
17 of the 24 athletes (70.8%) scored higher than 14.5.

3.3. Associations between FMS, Y-Balance and Sprint and Jumping Performance

Moderate correlations were observed between FMS score and 10–20 m sprint time
(r = −0.46, p < 0.05), between In-line Lunge score and 0–20 m sprint time (r = −0.47,
p < 0.05), between Shoulder Mobility score and 0–10 m sprint time (r = −0.48, p < 0.05), and
between Trunk-stability Push-up score and 10–20 m sprint time (r =−0.47, p < 0.05). Hurdle
Step score was largely correlated with 0–10 m time (r = −0.51, p < 0.05). Moreover, SLJ and
CMJ performance did not correlate with FMS score and its seven movements (p > 0.05).
Moderate correlations were observed between CMJ height and Anterior Asymmetry score
(r =−0.47, p < 0.05) and Posteromedial Asymmetry score (r =−0.44, p < 0.05). Nevertheless,
there were no significant correlations (p > 0.05) between YBT performance (asymmetric
in three directions and composite score) and sprint performance (0–10 m, 10–20 m and
0–20 m sprint time) (Table 2).

Table 2. Associations between FMS and athletic performance (r, 95% CI).

Tests 0–10 m 10–20 m 0–20 m SLJ CMJ

FMS Score
−0.29 −0.46 * −0.35 0.20 −0.13

(−0.65, 0.13) (−0.76, −0.04) (−0.66, 0.06) (−0.29, 0.64) (−0.56, 0.36)

Deep Squat 0.10 −0.24 0.06 0.17 −0.29
(−0.36, 0.57) (−0.68, 0.22) (−0.39, 0.49) (−0.29, 0.58) (−0.70, 0.25)

Hurdle Step −0.51 * −0.01 −0.40 0.32 0.19
(−0.75, −0.17) (−0.44, −0.38) (−0.68, −0.02) (−0.18, 0.70) (−0.26, 0.63)

In-line Lunge −0.38 −0.37 −0.47 * 0.27 0.03
(−0.75, 0.07) (−0.71, 0.03) (−0.80, −0.06) (−0.23, 0.71) (−0.45, 0.51)

Shoulder Mobility −0.48 * −0.13 −0.37 0.10 0.14
(−0.80, −0.08) (−0.53, 0.27) (−0.70, 0.02) (−0.34, 0.56) (−0.29, 0.54)

ASLR
0.14 0.21 0.14 −0.14 −0.15

(0.01, 0.35) (0.11, 0.44) (0.00, 0.33) (−0.35, 0.00) (−0.39, −0.02)
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Table 2. Cont.

Tests 0–10 m 10–20 m 0–20 m SLJ CMJ

TSPU
−0.27 −0.47 * −0.33 0.35 −0.07

(−0.66, 0.17) (−0.79, −0.08) (−0.71, 0.12) (−0.06, 0.67) (−0.50, 0.35)

t

Rotary Stability
−0.02 −0.12 −0.06 −0.20 0.23

(−0.21, 0.17) (−0.33, 0.02) (−0.26, 0.09) (−0.45, −0.08) (0.11, 0.46)

Anterior (%)
0.35 −0.10 0.10 −0.29 −0.47 *

(−0.11, 0.69) (−0.49, 0.30) (−0.36, 0.49) (−0.67, 0.15) (−0.72, −0.10)

Posteromedial (%)
0.13 −0.05 0.15 −0.02 −0.44 *

(−0.32, 0.56) (−0.44, 0.30) (−0.26, 0.51) (−0.47, 0.41) (−0.72, −0.06)

Posterolateral (%)
0.40 0.02 0.28 −0.16 −0.13

(−0.06, 0.69) (−0.41, 0.44) (−0.17, 0.62) (−0.60, 0.38) (−0.57, 0.33)

YBT Score
−0.22 −0.19 −0.29 0.11 −0.30

(−0.58, 0.27) (−0.60, 0.28) (−0.64, 0.18) (−0.38, 0.57) (−0.68, 0.18)

*, p ≤ 0.05; ASLR, Active Straight Leg Raise; TSPU, Trunk Stability Push-up; CMJ, Countermovement Jump; SLJ,
Standing Long Jump; YBT, Y-balance test; FMS, Fundamental Movement Screen; CI, confidence interval.

4. Discussion

To the best of our knowledge, this is the first study to determine the optimal FMS cut score
for female youth football players, and the first to investigate the correlations between the quality
of functional movement (FMS and YBT) and sprint and jump performance. This study found
that the optimal FMS cut score was 14.5, with a sensitivity of 0.889 and Youden index of 0.722,
which indicates a higher sensitivity and a lower false-positive rate of FMS in elite young female
football players. Moreover, FMS score was moderately correlated with 10–20 m sprint time, but
not with SLJ and CMJ performance. Moreover, significant relationships were also observed
between In-line Lunge score and 0–20 m sprint time, between Shoulder Mobility score and
0–10 m sprint time, and between Trunk-stability Push-up score and 10–20 m sprint time, and
between Hurdle Step score and 0–10 m time. There were no significant associations between
YBT composite score and jump and sprint performance.

Massive studies have proved that FMS score has been significantly correlated with the
risk of sport injuries in elite athletes [27]. A study conducted by Kiesel et al. [12] found that
for elite American football athletes, the risk of non-contact injury was increased when the
FMS score was below 14. However, elite youth soccer players with an FMS total score of
>14 had less groin and hip dysfunction [28]. Notably, for different populations, an FMS
score of 14 is not necessarily a gold standard. In the present study, using a score of 14.5 as
the FMS cut score, the sensitivity is high, and the misclassification rate is low (16.7%). If
the FMS cut score is 15.0, although the misclassification rate is 0, the Youden index is 0.611,
which is less than 0.722, while the sensitivity of 0.611 is less than 0.889. Players with an FMS
score of 14.5 have a more significant risk of injury than elite youth female football with an
FMS > 15.0. Similarly, Zhao and Zhou [29] examined the FMS cut score in Chinese national
team swimmers, and the authors reported an optimal FMS cut score of 16.5. Moreover,
for elite fencers and shooters, the optimal FMS cut score was 15 [30]. These differences
in optimal FMS cut score can be explained by several factors, including different training
characteristics, competition requirements, sports of athletes participating, the presence of
contact injuries, the sensitivity of the observation, the specificity, the chi-square values, the
pre- and post-test values, etc. Therefore, the characteristics of the specific sport must be
considered when using FMS score to assess the risk of sport injuries.

Much attention has been focused on whether the quality of functional movements
can be a valid and effective method of assessing the athletic performance in elite players.
Bennett et al. [31] examined the relationship between movement quality and physical per-
formance and explored whether improved movement ability positively transferred to sport
performance. The authors reported that FMS score was significantly and slightly associated
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with 5 m sprint time and agility performance. Moreover, significant increases in FMS score
and speed performance were observed after one year, but there were no significant relation-
ships between these improved variables. Similarly, no significant correlation was observed
between FMS score and athletic performance in another previous study [32]. These findings
were in line with the results of the present study, which found only a significant association
observed between FMS score and 10–20 m sprint time. These results can be explained by
several reasons. First, for each specific sport, the movement quality plays a small role com-
pared to other factors that contribute to improved athletic performance. For example, speed
and power output are the most critical factors for success in the 100 m sprint race [33,34].
Second, the FMS only reflects the level of selected isolated fundamental movement patterns,
which compromises its predictive effects on capabilities such as execution speed, agility,
etc. Third, the specific technical movement skill of force application is a determinant factor
of sprint performance, rather than is fundamental movement [35]. The quality of specific
technical skills affects the efficiency of force generation during sprinting. However, there
are significant differences between fundamental movements skills and specific technical
skills. Though the ability to perform the fundamental movement can influence the develop-
ment of specific techniques skills to some extent, for elite athletes, specific technical skills
are also influenced by cognitive, habitual, and other aspects. Therefore, FMS score cannot
be used to predict performance in youth soccer players.

Specifically, in the present study, significant relationships were observed between
sprint performance and In-line Lunge score, Trunk-stability Push-up score, Shoulder Mo-
bility score, and Hurdle Step score. There are several similar factors in the development
of these tasks (sprint and movements of FMS mentioned above) that could explain these
findings. Both In-line Lunge and Hurdle Step tasks reflect the capability of total-body
coordination and integration in horizontal orientation [16], these abilities are also required
in sprint performance. Moreover, the Hurdle Step task assesses the abilities of knee and hip
flexion, as well as single-leg postural control. These abilities also play a crucial role in sprint
performance. Trunk-stability can also be referred to as core stability. Core stability helps
to efficiently transfer the force through the kinetic chain and avoids “energy leak” during
the sprint [36]. Shoulder Mobility impacts the arm movement during the sprint. The role
of arm-leg coupling is to reduce the rotation of the body, and arm action may be essential
to optimize the body position for ground force application during the sprint. When arm
movement is restricted by other factors, for example, limited shoulder mobility, sprint
performance will be compromised [37]. Therefore, this study suggests that it is considered
reasonable to use components of FMS that have characteristics similar to a specific sport to
assess specific performance, rather than looking to the FMS composite score.

In the present study, we found that there were no significant correlations between
Y-balance composite score and sprint and jump performance. This finding was consistent
with the result of a previous study [38], which found no significant relationships between
YBT performance and vertical and horizontal jump. Similarly, the Y-balance test was intro-
duced to assess the stability of the lower or upper limbs, and it plays a relatively small role
in athletic performance. It is thus not appropriate for predicting athletic performance. In
contrast, Bennett et al. [39] found significant correlations between YBT performance and
physical performance variables, but the strength of correlation was small (r: 0.21~0.36).
Moreover, many studies have reported that YBT performance was related to knee exten-
sor strength [40], hip abduction strength [41], hip extension [41], and external rotation
strength [41]. However, there is no direct evidence to suggest that improving hip and
knee strength by increasing YBT score can transfer to athletic performance. Therefore, YBT
composite score is also not suitable for assessing physical performance.

The strengths of this study included: (1) the subjects of this study were lite athletes who
were familiar with valid running and jumping movement skills, which can avoid compromis-
ing the results of this study due to invalid movement skills; (2) excessive fatigue induced by
high-intensity competition that would negatively affect the results of this study. But this study
was conducted during pre-season, athletes without excessive fatigue can perform better, which
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can improve the accuracy of the results of this study. However, there are some limitations in
this study. First, this study did not record the participants’ sports injuries, so we could not
determine whether the FMS score can be used to predict the risk of sport injuries. Second, this
study only included 24 players, the sample size is small, which may compromise the accuracy
of the results. Therefore, future studies should include more participants. Third, this study
only included female youth soccer players, and did not study male youth athletes. Therefore,
the results of this study may be limited to male youth athletes.

5. Conclusions

In conclusion, a FMS score of 14 is not the gold standard for assessing risks of injury
in all populations; this study has suggested that the optimal FMS cut score for assessing
the risk of sport injury is 14.5 in female youth elite football players. Moreover, the FMS
and YBT were introduced to screen for assessing injury risk, and neither test’s composite
score is appropriate for assessing physical performance. We suggest that practitioners can
instead use components of the FMS that have characteristics similar to specific sports to
assess athletic performance.
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Abstract: The purpose of this research was to analyze how we can improve the space–temporal
orientation ability with the help of physical exercises in physical education and sports lessons. In
total,148 children between the ages of 8 and 11 participated in this study (M = 9.70; SD = 0.79). They
were subjected to three tests, which measured general intelligence (Raven Progressive Matrices) and
space–temporal orientation skills (Piaget-Head test and Bender–Santucci test). The tests were carried
out both in the pre-test and in the post-test period. In the case of participants in the experimental
group, a specific program was applied for a period of 12 weeks. The results showed that general
intelligence level was identified as a predictor of spatial–temporal orientation (beta = 0.17, t = 2.08,
p = 0.03) but only for the Piaget-Head test. Similarly, no differences between children’s age groups
were identified in any of the spatial–temporal orientation test scores. However, children in the “+9”
age category had higher scores on the intelligence test compared to younger children (77.31 vs. 35.70).
In conclusion, the intervention program had a positive effect on spatial orientation skills.

Keywords: space–temporal orientation; general intelligence; psychomotricity; specific intervention

1. Introduction
Conceptual Foundation

Psychomotricity is the ability of the human being to coordinate thought (analysis) and
reaction (movement) in an optimal time, before a certain stimulus [1]. Until the beginning
of the 20th century, psychomotricity was included in the field of psychology. As time
passed, a new conception was born regarding the integral formation of the human being [2].
Thus, Suasnabas and his collaborators [3] refer to psychomotricity through its two factors:
the psychic and the motor parts, both making possible the physical interaction with the
mental one, forming a whole that develops emotions and knowledge [4]. This function
plays a primary role in the stimulation and development of bodily capacities [5], positively
influencing self-esteem and independence in a developmental process [6,7]. Therefore,
adequate psychomotor development allows children to improve their balance, coordina-
tion [6], and space–time orientation, which is of great value for increasing intelligence and
reasoning when performing motor actions [8].

Space–temporal structuring is the ability to perceive, to relate, to move, and to orien-
tate, with everything that exists, with its education being the basis for obtaining adequate
motor and affective development [9]. The development of space–temporal orientation is a
process that takes place starting from an early age. It contributes at the same time to the
cognitive, physical, and psychomotor growth of the child. It has an important contribution
to the educational system as well [10–12]. A total or partial lack of space–temporal orienta-
tion can have repercussions not only in the teaching–learning process [13,14] but also in
the social context, influencing cognitive development and the quality of life [15].

The development of spatiality is considered by some authors to be an evolutionary
process which is progressively acquired until realization, throughout psychomotor devel-
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opment [8,9]. The importance of space–time perception is essential in human development
in the sense that one can observe the shapes, structure, or compositions of objects as well as
their location in relation to one’s own person or to those around him or her [16,17]. Thus,
certain authors believe that [18] certain aspects must be considered for the development
of spatial perception and structuring: orientation in space, appreciation of distances, ap-
preciation of trajectories, and the space–time relationship. The authors of the previously
mentioned study also believe that time is, in principle, closely related to space, being the
duration that separates two successive spatial perceptions [18], constituting fundamental
concepts in learning and cognitive development [19].

All children use spatial concepts in various areas of their lives as they are useful for
reading, writing, running, playing, etc. However, this capacity is often not developed
adequately [20]. There are cases when the child perceives space in relation to his/her body,
it is clear to him/her that he/she is surrounded by peers and objects, but it is difficult
for him/her to differentiate between them, to classify them in order or to identify a given
distance [21]. Psychology states that this confusion occurs due to the inability to distinguish
and perceive what they see, so they mainly use what they think [22]. Thus, there is a
need for small children to establish a spatial order centered on their own person and, only
then, on the connections they develop with the environment [23,24]. Simultaneously they
develop the understanding of temporal notions, which helps them identify the past time
and the future as well as moments of the day [25]. As a central aspect of development and
evolution, an improvement in these skills helps children identify the spatial relationships
between real objects and imaginary objects [26], recognizing space as much as they come to
perceive and master it [27].

The general objective of the experimental study was to improve the spatial-temporal
orientation ability of primary school students through specific exercise intervention. Given
the general objective, the novel element is the testing of a possible predictor of spatial-
temporal ability, namely the level of general intelligence. Currently, there are few studies
that focus on these variables. Thus, obtaining results oriented in this direction could give
value to this research.

2. Materials and Methods
2.1. Study Participants

The studied sample was composed of 148 children, students in the 3rd and 4th grades,
of which 70 were boys and 78 were girls. The students were placed in groups using
convenience sampling. The age range varied between 8.1 years and 11.9 years (M = 9.70;
SD = 0.79). The children included in the study underwent an assessment for the level of
intelligence. As a result, none of the students were excluded. Therefore, the number of
participants in each group was equal. The experimental group included students from
the 3rd grade and 4th grade (N = 74), aged between 8 years and 1 month, respectively
11 years and 9 months (M = 9.62, SD = 0.81). The control group included students from the
3rd grade and 4th grade (N = 74), aged between 8 years and 2 months and 11 years and
9 months, respectively (M = 9.78, SD = 0.77).

2.2. Objectives and Hypotheses of the Research

An experimental study was carried out, with the general objective of improving
the ability of space–temporal orientation, with the help of intervention through specific
exercises for primary school students.

Hypotheses H1. It was assumed that the level of general intelligence influenced the ability of
space–temporal orientation.

Hypotheses H2. There was a statistically significant difference between the age categories of the
children in terms of the results on the assigned tests.
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2.3. Research Tools

The students were subjected to 3 psychological tests that determined general intelli-
gence on the one hand and space–temporal orientation skills on the other.

2.3.1. Raven Progressive Matrices

Raven’s Progressive Matrices Test is a test used in the field of psychology and psy-
chopedagogy, which measures the general intelligence level of the subject. The main feature
of this test is to encourage analytical reasoning, perception, and the ability to abstract. The
students were given the first 4 series (from A to D), out of a total of 5, with 12 questions for
each series (from A1 to D12), with these being organized according to progressive difficulty.
The intellectual performance thus “measured” allowed the inclusion of the subject in one
of the 5 different degrees (levels) of intelligence. For an explicit understanding of how to
interpret results and convert test scores to percentiles, see Măłkiński and Măńdziuk [28]. It
was decided to use this sample for 2 reasons:

1. One of the purposes of the study was to demonstrate that the sample consists of
children of age-appropriate intelligence and the results will not be affected in any way by a
possible low IQ of the students.

2. Children’s general intelligence was one of the dependent variables used to deter-
mine the degree of its association or influence on space–temporal orientation skills.

2.3.2. Piaget-Head Space–Temporal Orientation Test

This test assesses the right–left spatial orientation of children between the ages of six
and eleven [29]. The number of items the child must get right is 3 out of 3 at the age of 8, 6
out of 8 at the ages of 9 and 10, and 5 out of 6 at the age of 11. Successful trials are marked
with +, unsuccessful ones with −, and spontaneously corrected trials with – +. The rating
is done by adding up the successfully completed items.

2.3.3. The Perceptual–Motor Test of Bender–Santucci Spatial Configuration

This test targeted the perceptual–motor function of spatial configuration by testing
the ability of children between the ages of 5 and 15 to perceive spatial configurations and
to make comparisons between the respective configurations, thus making a rendering of
space and shape on paper [30]. The testing took place individually, with the necessary
materials being represented by 8 cards. The rating was made considering certain criteria:
the construction of the angles, the orientation of the figures or the component elements,
and the position of the figures or the elements that make up the model.

2.4. Research Method

In the first stage, an agreement was made between Secondary School No. 24 from
Timis, oara, the Faculty of Physical Education and Sport from Timis, oara, and the Timis,
School Inspectorate, which allowed the study to continue. Then, a collaboration contract
was drawn up between the author of the study and a specialized psychologist under whose
guidance the psychological tests were applied and interpreted.

In the second stage, the consent of the parents or legal guardians was requested and
obtained, and then the children participating in the study were tested with the “Raven
Progressive Matrices” test, to determine that the included sample consisted of children
with age-appropriate intelligence.

In the third stage, students were randomly assigned to one of the experimental or
control groups. The investigated variable “space–temporal orientation” was measured in
the pre-test phase, so that in the case of the participants in the experimental group, the
intervention would be applied to this independent variable. The control group did not
benefit from any kind of intervention or manipulation of the mentioned variable.

In the post-test phase, the variable “space–temporal orientation” was measured again,
to determine if the intervention generated changes in the test results.
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The Intervention Plan

The actual research took place between January and June 2022. With a frequency of
2 physical education and sports lessons per week, the students from the experimental
group were given the intervention plan, which had as general themes and objectives the
elements detailed in Table 1.

Table 1. General themes and objectives.

Lesson General Theme and Objective

Space Orientation T: Body References (left side, right side): Knowing and identifying the right side and
left side of the body

Space–Temporal Orientation
T: Recognition and operation with spatial and space–temporal notions
G.O: Formation, recognition, and operation with space and space–temporal notions of
one’s own body (left side, right side). Interval duration perception

Space Orientation

T: Recognition and operation with space notions of one’s own body, in relation to
surrounding objects
G.O: Formation, recognition, and operation with space notions of one’s own body, in
relation to surrounding objects (left side, right side)

Space–Temporal Orientation
T: Recognition and estimation of distances
G.O: Recognition and estimation of distances, in due time. Left side/right
side reminder

Space Orientation
T: Establishing the direction/position of objects
G.O: Establishing the direction/position of objects in relation to one’s own person but
also to each other, as well as imitating certain actions

Space–Temporal Orientation
T: Knowledge of direction and axes
G.O: Establishing the direction/position of objects in relation to one’s own person, as
well as orientation in space and time

Space Orientation
T: Working with space notions
G.O: Recognizing and operating with space notions located in space near and far from
one’s own body. Linear orientation

Space–Temporal Orientation T: Knowledge of two-dimensional space
G.O: Recognition and estimation of distances (quantities) in two-dimensional space

Space Orientation T: Knowledge of spatial concepts
G.O: Identifying the notions of: “outside, inside/full, empty”

Space–Temporal Orientation T: Strengthening the estimation of distances
G.O: Recognition and estimation of distances. Interval duration perception

Space Orientation T: Knowledge of spatial concepts
G.O: Identifying the notions of “above and below”

Space–Temporal Orientation
T: Strengthening the estimation of distances
G.O: Recognition and estimation of distances (quantities) in two-dimensional space
and time

Space Orientation T: Knowledge of spatial concepts
G.O: Recognition and estimation of distances (length-width, near-far)

Space–Temporal Orientation
T: Relating to the environment
G.O: Identifying the position of objects in relation to one’s own person and orientation
in space and time

Space Orientation

T: Knowing dimensions
G.O: Knowledge of the notion of size and sensory-motor practice: organizing objects
of the same nature according to size criteria: big-small, long-short, tall-short, etc.,
presented or not in the perceptual field

Space–Temporal Orientation T: Strengthening the estimation of distances, in relation to time
G.O: Recognition and estimation of distances, correlated with time
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Table 1. Cont.

Lesson General Theme and Objective

Space Orientation

T: Consolidation of spatial concepts
G.O: Formation, recognition and use of spatial notions located in near and far space in
relation to one’s own body and in relation to others. Practicing
mathematical calculations

Space–Temporal Orientation
T: Knowledge of direction and axes
G.O: Establishing the direction/position of objects in relation to one’s own person, but
also to each other

Space Orientation
T: Consolidation of spatial concepts
G.O: Recognizing and estimating some distances (quantities) in two-dimensional
space, as well as operating with the notions of “up-down, forward and backward”

Space–Temporal Orientation T: Relating to the environment
G.O: Identifying one’s own body and other objects in space and time

Space Orientation T: Strengthening the estimation of distances and direction of movement
G.O: Recognizing and estimating distances, as well as determining direction

Space–Temporal Orientation
T: Consolidation of spatial concepts
G.O: Formation, recognition and use of spatial notions of one’s own body and of other
people (left-right, above-below, forward-backward, up-down, etc.).

2.5. Statistical Analysis

The collected data were entered, processed, and analyzed using the IBM SPSS Statistics
20 program (IBM Corp, Armonk, NY, USA). Each hypothesis was tested using appropriate
statistical techniques. To identify the predictor factor on the space–temporal orientation,
linear regression was analyzed. Correlations between variables were checked using the
Pearson test.

3. Results
3.1. Intelligence Test Results, with the Purpose of Including Children in the Sample

The score with the highest frequency was 75 (17), followed by 85 (frequency 11). This
aspect showed us that the average of the students included in the sample had an above
average intelligence level, taking into account the age, measured in years and months. With
the help of this result, they intended to keep the level of intelligence under control, and the
scores obtained were suitable for the inclusion of the children in the study.

3.2. Hypothesis Testing

Hypothesis 1. It was assumed that the level of general intelligence influenced the ability of
space–temporal orientation.

To test Hypothesis 1, a linear regression was used; however, before applying it, the
correlation between the variables was verified by the Pearson test at a level of statistical
significance of p less than 0.05. Thus, in Table 2 it can be seen that there is a statistically
significant direct but weak relationship between IQ and spatial orientation for the Piaget-
Head test (r = 0.17, p = 0.03).

After the application of the Pearson correlation we can expect IQ to be a predictive
factor for spatial orientation measured by the Piaget-Head test.

a. Linear regression with the dependent variable spatial orientation, measured with the
Piaget-Head test

According to the results in Tables 3 and 4, we could conclude that the model was
successful (F(1,146) = 4.36, p = 0.03) and that the variance explained by IQ was 2.9% for
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spatial orientation measured by the Piaget-Head test. Furthermore, IQ could be considered a
predictive factor for spatial orientation by the Piaget-Head test (beta = 0.17, t = 2.08, p = 0.03).

Table 2. Correlations between variables.

Correlations

Piaget-Head Test after
the Intervention

Bender–Santucci Test
after the Intervention

Raven Spm Classical
Progressive Matrices

Piaget-Head test after
the intervention

Pearson Correlation 1 0.051 0.170 *
Sig. (2-tailed) 0.540 0.039

N 148 148 148

Bender–Santucci test
after the intervention

Pearson Correlation 0.051 1 0.095
Sig. (2-tailed) 0.540 0.250

N 148 148 148

Raven Spm Classical
Progressive Matrices

Pearson Correlation 0.170 * 0.095 1
Sig. (2-tailed) 0.039 0.250

N 148 148 148

* Correlation is significant at the 0.05 level (2-tailed).

Table 3. Variance explained in Piaget-Head spatial orientation by IQ.

Model R R Square Adjusted R Square Std. Error of the Estimate

1 0.170 a 0.029 0.022 5.53416
a Predictors: (constant), Raven Spm Classical Progressive Matrices.

Table 4. Significant coefficients of the model with the dependent variable, spatial orientation, for the
Piaget-Head test.

Model
Unstandardized Coefficients Standardized Coefficients 95.0% Confidence Interval for B

B Std. Error Beta T Sig. Lower Bound Upper Bound

1
(Constant) 16.921 1.444 11.716 0.000 14.067 19.776

Raven Spm Classical
Progressive Matrices 0.044 0.021 0.170 2.088 0.039 0.002 0.086

Linear regression with the dependent variable, spatial orientation, measured with the Bender–Santucci test.

According to Table 5, we could see that the model was not successful (F(1.146) = 1.33,
p = 0.25), and the rest of the interpretations did not make sense.

Table 5. Explained variance of Bender–Santucci spatial orientation by IQ.

Model R R Square Adjusted R Square

1 0.095 a 0.009 0.002
a Predictors: (constant), Bender-Santucci test.

Hypothesis 2. There was a statistically significant difference between the age categories of the
children in terms of the results on the assigned tests. Given that the variable “age” was continuous
and the average age was 9.70, we transformed it into a categorical variable with the value 9. The
new variable “age”can be seen in Table 6 and has the following composition:
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Table 6. Age range.

Age per Range

Frequency Percent

Valid
Age < 9 years 10 6.8
Age > 9 years 138 93.2

Total 148 100.0

Regarding the difference between the two age categories, the results of the spatial
orientation tests did not reveal any statistically significant index according to the month
and year of birth, but a statistically significant difference was recorded at the IQ level
(M −W = 302.00, p = 0.003). Thus, children older than 9 years had a higher IQ (77.31 vs.
35.70), which can be seen in Figure 1.
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In conclusion, Table 7 illustrates the situation of the hypotheses.

Table 7. Situation of the hypotheses.

Hypothesis No. Status

I1. Partially Accepted
I2. Partially Accepted

4. Discussion

The present study had as its general objective the improvement of the ability of spa-
tial orientation in children between the ages of 8 and 11. Being an experimental study
in which the proposed sample was divided into two groups (experiment and control)
by convenience, one of the objectives was to keep under control the intelligence of the
children included, before any other approach. Thus, the results of the Raven Progressive
Matrices testing showed us that most of the included students had an above average level
of intelligence, taking into account the age, measured in years and months (between 8 and
11 years). At the same time, general intelligence was identified as a predictive factor for
spatial orientation, but only for the Piaget-Head test. In the same context, spatial ability,
which refers to “the location of objects, their shapes, the relationship between them and
the paths they take as they move” [31], has long been recognized as an ability partially
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independent of general intelligence [32,33]. In addition to being distinct from other cogni-
tive abilities, spatial thinking itself has often been conceptualized in a multidimensional
manner, consisting of several separate but related abilities. Thus, a result that supports the
partial confirmation of our first hypothesis is a relatively recent study which discovered
a relationship between certain spatial components involved in a puzzle game and the
results of a preschool and primary intelligence test (WPPSI) [34]. Even though a direct
relationship between general intelligence and space–temporal orientation has not been
found in the studies conducted in recent years, certain studies did identify a relationship be-
tween executive function and spatial abilities [35,36]. However, we cannot affirm following
these researches that the two components can be predictive factors. Thus, the relationship
between the two is more assumed, studies being directed to the spatial components related
to performance in mathematics and geometry [37–39]. Similarly, we do not know whether
these assumed relationships are variable with age or remain stable across the lifespan.
Although most children of this age are developing many of the cognitive skills necessary
for successful spatial orientation [40,41], there is increased neural activity in areas of the
brain associated with visual–spatial processing compared to young adults [42]. Thus, the
ability to orient and navigate is a cognitive process that undergoes a maturation with the
progression of skills and strategies during a large period of the childhood. These findings
support that as children mature, they increase and refine their proficiency in visual and
spatial skills, increasing network connectivity and enabling the successful use of spatial
orientation strategies.

Verification of Hypothesis 2 confirmed the fact that students in the age category >9 years
(10/11) recorded higher scores in terms of IQ, compared to the category ≤9 (8/9 years).

This result was consistent with two other studies in the field of psychology, in which
the younger age groups showed a lack of maturation of the functionality of the prefrontal
regions, which is involved in these types of tasks [43,44]. However, studies of brain devel-
opment have shown that around 8 to 9 years of age, significant structural and functional
changes [45] affect the whole brain and gray matter volume [46], synaptic pruning pro-
cesses [47], and functional connectivity [48–50]. Furthermore, studies have shown that
around the age of 10, there is a significant increase in cortical thickness in the parietal and
frontal areas as well as in higher-order cortical areas such as the dorsolateral prefrontal
cortex and the cingulate cortex [51,52]. Therefore, it is possible that such changes in brain
development support a greater development of cognitive potential in the 8- to 10-year-old
groups than in the younger ones, which is not consistent with the result of our study.

This study might have some limitations. First, the study sample consisted of children
between the ages of 8 and 11, so the results may not be suitable for the entire general popu-
lation. Additionally, the findings of the present study apply to subjects attending academic
institutions in the urban region, which may be inappropriate for children in rural regions
or who have dropped out of school. Second, although the variable “general intelligence”
was kept under control, the results may have been influenced by other factors, such as the
extracurricular activities that many of the subjects attended during the intervention period.
At the same time, the large number of participating students could add value to the study.

5. Conclusions

The intervention program through specific exercises had the expected effect. Moreover,
it was determined that the level of intelligence, as measured by percentiles, was a predictive
factor only for the first spatial orientation test but not for the second. This reason might
have been due to the content of the Santucci test, which relied to a greater or lesser extent
on graphic qualities and imitability, aspects for which we do not know whether they are
associated with children’s IQ. This finding can lead to a new direction of research in which a
possible connection between graphic qualities and the ability of space–temporal orientation
and the level of general intelligence can be highlighted.

That is precisely why, in order to further explore the influence of some intervention
programs on space–temporal orientation, it is essential to investigate its impact on several
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components, keeping under control factors related to age, gender, social environment, and
level of general intelligence.
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Abstract: The aim of this study was to determine the relationship between different physical fitness
indices (PFIs) and psychological symptoms and each dimension (emotional symptoms, behavioral
symptoms, social adaptation difficulties) of Chinese children and adolescents. Methods: A total of
7199 children and adolescents aged 13–18 in Jiangxi Province, China, were tested for grip strength,
standing long jump, sit-ups, sit and reach, repeated straddling, 50 m run, 20 m shuttle run test (20 m
SRT) items. The physical fitness indicators were standardized, converted to Z score and added up
to obtain the PFI, and the self-assessment of the psychological section of the multidimensional sub-
health questionnaire of adolescents (MSQA) to test the psychological symptoms, using the chi-square
test to determine the psychological symptoms of different types of children and adolescents and
binary logistic regression analysis to determine the association between psychological symptoms
and different PFI grades. Results: The higher the PFI of Chinese children and adolescents, the
lower the detection rate of psychological symptoms, emotional symptoms and social adaptation
difficulties, from 25.0% to 18.4%, 31.3% to 25.7% and 20.1% to 14.4%, respectively. These results were
statistically significant (χ2 = 14.073, 9.332, 12.183, p < 0.05). Taking the high-grade PFI as a reference,
binary logistic regression analysis was performed. Generally, compared with the high-grade PFI,
children and adolescents with a low-grade PFI (OR = 1.476, 95% CI: 1.200–1.814) or medium-grade PFI
(OR = 1.195, 95% CI: 1.010–1.413) had a higher risk of psychological symptoms (p < 0.05). Conclusions:
The lower the PFI of Chinese children and adolescents, the higher the detection rate of psychological
symptoms, showing a negative correlation. In the future, measures should be taken to improve the
physical fitness level of children and adolescents in order to reduce the incidence of psychological
symptoms and promote the healthy development of children and adolescents.

Keywords: mental health; PFI; children and adolescents; association analysis; cross-sectional survey

1. Introduction

As the economy continues to grow, and the level of medical care and technology are
improved, people’s quality of life is greatly improved. However, this also leads to many
adverse effects on human health, such as the increase in obesity [1], screen time [2] and the
detection rate of psychological symptoms as well as decreased physical activity [3], resulting
in a continuous increase in the proportion of people with psychological symptoms. Adoles-
cence is a transitional stage from childhood to adulthood in which physiological development
gradually matures, but psychological development relatively lags behind, causing a serious
imbalance [4,5]. In addition, this stage is affected by complex changes such as interpersonal
relationships and academic pressure, which can easily lead to various psychological symp-
toms [6–8]. Research shows that the proportion of psychological symptoms in children and
adolescents is increasing year by year and is much higher than that of other age groups [9].
Epidemiological survey data show that 10%~20% of adolescents worldwide are affected by
different psychological symptoms, accounting for a large part of the global disease burden [10],
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and 50% of psychological symptoms in adulthood are caused by childhood, indicating a trajec-
tory effect [11]. Studies have confirmed [12] that the appearance of psychological symptoms in
children and adolescents leads to the decline of learning and self-care ability and has a serious
negative impact on the healthy growth of children, adolescents and their families. Other
studies have shown that [13] psychological symptoms are the initial stage of mental disorders,
which will develop without timely intervention.

Past research has shown that the world is facing a serious issue in the prevention and
control of psychological symptoms. About 6 million people in the United States suffer from
psychological symptoms every year, along with 35% of the population in Japan and 37% of
the population in Australia [14]. Seventy percent of the population in China suffers from
various psychological symptoms, with children and adolescents making up the largest
proportion [15]. There are also studies showing that the proportion of Chinese children and
adolescents who suffer from various psychological symptoms affecting their daily life and
study is increasing [16,17]. In addition, the self-injury and suicide behaviors of children
and adolescents due to various psychological symptoms are also increasing, which poses
a serious threat to the healthy development of Chinese children and adolescents [18,19].
Another survey shows that about 30 million children and adolescents in China are experi-
encing psychological symptoms, and the detection rate is increasing year by year, with a
higher incidence among younger children [19,20]. It can be seen from these findings that
children and adolescents in China are facing a severe situation of continuous increase in
psychological symptoms.

It is an indisputable fact that modern lifestyle changes have led to decreased physical
fitness and physical activity and increased screen time among children and adolescents [21].
Studies have shown that among various factors leading to death, death due to reduced phys-
ical fitness and reduced exercise time has become the fourth most prevalent [22]. Research
also shows that people with higher muscle strength have improved psychological symp-
toms, and the two are positively correlated [23,24]. A survey conducted by Tao et al. [25]
of 5453 middle school students in China showed that low- to moderate-intensity physical
activity was a protective factor for depression in children and adolescents. Research showed
that there was a negative correlation between physical fitness levels and psychological
symptom indicators of boys and girls [25,26]. An increase in the weekly physical exercise
time of 1 h would reduce the proportion of the number of people suffering from depression
by 8% [27]. A 4-year follow-up study on children and adolescents aged 14~24 showed that
adequately ensuring physical exercise time and promoting physical fitness can reduce the
occurrence of depression, anxiety and other adverse psychological problems [27]. There
are also studies showing that the improvement of cardiorespiratory fitness level plays
a positive role in reducing the occurrence of anxiety and depression, as active physical
exercise can improve body shape, enhance self-confidence and thus reduce the occurrence
of psychological symptoms [28]. Active physical exercise can also increase the secretion of
endorphins and dopamine in the brain, which can promote physical and mental pleasure
and improve psychological symptoms [27,29]. Regular physical exercise can effectively
reduce the risk of various diseases, such as hypertension, type 2 diabetes, depression,
anxiety and various types of cancer and coronary heart disease. The reduction in physical
fitness is an important reason for the continued decline in psychological symptoms [29].

Combining the above studies on physical fitness, physical exercise and psychological
symptoms by scholars from various countries, it can be seen that there is an association
between them [30–32]. However, most of the previous studies on the psychological symp-
toms of children and adolescents have used the clinical diagnostic scale of “mental disease”
to conduct research and evaluation, mainly with the dimensions of anxiety, emotional
disorders, depression and hostility [33]. These scales are suitable for use in the clinical,
psychiatric and psychological counseling fields but cannot effectively screen children and
adolescents with psychological symptoms, so early intervention and prevention of psy-
chological symptoms cannot be carried out. Furthermore, previous studies have mainly
focused on the relationship between physical fitness programs and psychological symp-
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toms, while the relationship between PFI and psychological symptoms of children and
adolescents has been less studied [33,34]. In view of this, this study investigated the psy-
chological symptoms of 7199 Chinese children and adolescents aged 13–18 using the MSQA
scale and tested seven physical fitness indicators to determine the relationship between
different PFIs and psychological symptoms.

2. Methods
2.1. Data Source and Participants

The data collection for this study was carried out with the help of the National Student
Physical Health Standard (NSPHS) test. The NSPHS test is organized and implemented
by the Chinese Ministry of Education to investigate the physical fitness of school students
across the country [35].

This study investigated 6 age groups from 13 to 18 years old. Surveys were conducted
in 6 cities in Jiangxi, and it was concluded that the sample size should be 6660 people. After
the investigation, after removing 288 (3.85%) responses with missing basic demographic
information, 7199 (96.15%) valid surveys were retained in this study. The specific sampling
process of the participants is shown in Figure 1.
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This study was approved by the Ethics Committee of Shangrao Normal University
(2020R-0125). Written informed consent was obtained from the school, the students and
their parents before the investigation. The questionnaire was coded to strictly protect the
privacy of students.
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2.2. Psychological Symptoms

Psychological symptoms were evaluated using the multidimensional sub-health ques-
tionnaire of adolescents (MSQA) [36–40]. The MSQA consists of 39 items, which are divided
into 3 dimensions: emotional symptoms, behavioral symptoms and social adaptation difficul-
ties. Emotional symptoms were tested with 17 items, behavioral symptoms were tested with
9 items and social adaptation difficulties were tested with 13 items. Each item is scored on
a 6-level scale, and the subjects choose the corresponding duration according to their own
conditions: none or less than 1 week = 1, more than 1 week = 2, more than 2 weeks = 3,
more than 1 month = 4, more than 2 months = 5, more than 3 months = 6. The results were
reclassified during the statistical analysis of the questionnaire, as the responses of more than
1 month, more than 2 months and more than 3 months were recorded as 1, and the others
were recorded as 0, and psychological symptoms were calculated as the sum of the scores of
all 39 items. The three dimension scores, namely emotional symptoms, behavioral symptoms
and social adaptation difficulties, were calculated separately according to the items.

According to the provisions of the “National Norm Development of the Multidimen-
sional Assessment Questionnaire for Adolescents’ Sub-health” [37–40], the 90th percentile
was used as the demarcation value of the psychological symptoms of adolescent students
of all ages and as the criterion for judging the psychological symptoms of children and
adolescents. That is, the values for emotional symptoms, behavioral symptoms, social
adaptation difficulties and psychological symptoms were ≥3, ≥1, ≥4 and ≥8, respectively.

The test–retest correlation coefficient of the scale was 0.868, the Cronbach α coefficient
was 0.957 and the split-half reliability was 0.942. The self-rating symptom scale (SCL-90)
and the Cornell Medical Index (CMI) questionnaire were used as the criteria, and the
criterion-related validity was 0.636 and 0.649, respectively [39].

2.3. Physical Fitness Index

The physical fitness index (PFI) can comprehensively reflect the development level of
physical fitness of children and adolescents to a certain extent and has been applied and
recognized in many studies [41,42]. The scores of the 7 physical fitness test indicators were
standardized into groups according to gender and age, and the Z score was calculated: Z
score = (measured value of each physical fitness indicator − average value of each physical
fitness indicator in each group)/standard deviation of each physical fitness index in each
group. The PFI is obtained by adding up the Z scores of each physical fitness index and
taking the opposite number for the Z score of the 50 m run because the higher the Z score,
the lower the subject’s performance.

PFI = Z grip strength + Z standing long jump + Z sit-ups + Zsit and reach + Z repeated straddling + Z 20 m SRT − Z 50 m run.

According to the PFI percentiles of different gender and age groups, PFI was strati-
fied [43] and divided into three grades: low, medium and high: low PFI < P15, medium
P15 ≤ PFI < P85 and high PFI ≤ P85.

The physical fitness test includes 7 items, namely grip strength, standing long jump,
sit-ups, sit and reach, repeated straddling, 50 m run and 20 m SRT.

Grip strength: The subjects were required to use their left or right hand to perform the
electronic grip dynamometer test. During the test, the subjects were required to relax their
hands naturally and perform two grip strength tests with maximum effort. The highest
result, accurate to 0.1 kg, was recorded.

Standing long jump: The subjects stood naturally with their feet apart behind the
jumping line. Participants jumped with both feet, with no step-by-step jumping. The dis-
tance from the subject to the closest touchdown point was measured. Each subject jumped
twice, and the best score was recorded. The test results are accurate to 0.1 cm.

Sit-ups: Before the test, the staff prepared the mat and stopwatch. The subjects lay in
the supine position on the mat, with relaxed bodies, hands are crossed on chest, knees bent
at 60–90 degrees, and feet flat on the ground. The assistant pressed the subjects’ ankles with
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both hands to immobilize their lower limbs. When the subjects heard the “start” command,
they began to do sit-ups, with their elbows touching or exceeding their knees, and then
quickly returned to the initial lying supine position with their back touching the mat. The
above actions were repeated as much as possible. The number of sit-ups (where the elbows
touched the knees or the thighs) was recorded.

Sit and reach: Before the test, the inspector prepared the instrument and cushion,
selected a flat ground and checked the working state of the sit and reach instrument. The
subject sat upright on the mat, with the head, back and buttocks close to the wall, and
the feet were placed under the instrument, but the angle of the feet was not fixed. The
subject extended their arms shoulder-width apart, placed their palms on the test instrument
board, expanded their chest and kept their hands close to the instrument board with their
elbows stretched forward and back straight. Initially in a sitting position, the subject flexed
and stretched forward and slowly pushed the instrument in the forward direction. When
the body flexed and stretched forward to the maximum, the data were recorded, and the
subject left the test board using both hands to end the test. The movement distance of the
instrument from the initial position to the maximum flexion and extension was recorded.
Measurements were in centimeters (cm) with one decimal place. Each subject was tested
twice, with the best result recorded.

Repeated straddling: Two parallel lines were drawn at a distance of 100 cm from the
central line, for a total of 3 lines. The subjects stood with their feet open on the central line.
When they heard the “start” command, they crossed the horizontal line in the order of right
→ middle→ left middle. Participants were instructed not to jump with both feet. The
number of completed actions within 20s was recorded [44].

50 m run: Before the test, several straight runways were drawn with a length of 50 m
and a width of 1.22 m on the flat ground with clear runway lines. The timekeeper stood on
the side of the finish line, started timing when the starting flag was waving and stopped
when the subject’s chest reached the vertical plane of the finish line. The time score was
accurate to 0.1s.

20 m SRT: This test involves the subject running back and forth between 2 lines at a
distance of 20 m. Each 20 m completed was recorded as 1 lap (time). The running speed was
indicated by music, and the initial speed was 8.0 km/h, the speed in the second minute was
9.0 km/h and the speed was increased by one speed level every minute, that is, 0.5 km/h
each lap. The subject endeavored to complete the running speed level. The test ended
when they could not follow the rhythm to reach the 20 m end line for two consecutive
times, and the number of laps completed was recorded [45,46].

2.4. Statistical Analysis

In the basic condition part, each physical fitness index of 7199 children and adolescents
was expressed as mean ± standard deviation (M ± SD), and the detection rate of psycho-
logical symptoms and each dimension was expressed as a percentage of classification.

The chi-square test was used to compare the detection rates of different categories,
namely psychological symptoms and dimensions (emotional symptoms, behavioral symp-
toms, and social adaptation difficulties) of children and adolescents with different PFIs.
The relationship between different levels of PFI and various dimensions of psychological
symptoms in children and adolescents was analyzed with binary logistic regression analy-
sis and interaction effect analysis, and the OR value, 95% confidence interval and p value
were obtained; p < 0.05 was regarded as a statistically significant difference. Our research
hypothesis is that children and adolescents with higher PFI have a lower detection rate of
psychological symptoms.

Data analysis was performed with SPSS 25.0 software, graphs were produced with
GraphPad Prism and the statistical significance level was set at 0.05.
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3. Results

The results showed that the average age of the 7199 participating Chinese children
and adolescents was (15.50 ± 1.71) years old. All physical fitness indicators for boys were
higher than those of girls except for the sit and reach test. Low, middle and high PFIs
were segmented by percentiles, so the proportion of males and females was the same at
each level. The detection rate of psychological symptoms and each dimension (emotional
symptoms, behavioral symptoms, social adaptation difficulties) in males was higher than
that in females (Table 1).

Table 1. Physical fitness indicators and psychological symptoms of Chinese children and adolescents.

Classification Total Boys Girls

N 7199 3600 3599
Physical fitness indicators (M ± SD)

Grip strength (kg) 31.45 ± 9.99 37.05 ± 9.83 25.85 ± 6.36
Standing long jump (cm) 188.24 ± 33.64 209.43 ± 30.15 167.06 ± 21.37

Sit-ups 23.01 ± 6.90 24.80 ± 6.98 21.21 ± 6.33
20 m SRT 36.76 ± 17.17 43.12 ± 18.61 30.40 ± 12.75

Sit and reach (cm) 38.77 ± 11.72 38.12 ± 11.74 39.42 ± 11.66
Repeated straddling 31.54 ± 9.19 33.42 ± 9.72 29.66 ± 8.21

50 m run (s) 8.53 ± 1.26 7.86 ± 1.01 9.21 ± 1.12
PFI, n (%)

Low 1080 (15.0) 540 (15.0) 540 (15.0)
Middle 5040 (70.0) 2520 (70.0) 2520 (70.0)
High 1080 (15.0) 540 (15.0) 539 (15.0)

Psychological symptoms, n (%)
Emotional symptoms 1995 (27.7) 1001 (27.8) 993 (27.6)
Behavioral symptoms 1981 (27.5) 1021 (28.4) 960 (26.7)

Social adaptation difficulties 1236 (17.2) 656 (18.2) 580 (16.1)
Psychological symptoms 1540 (21.4) 797 (22.1) 743 (20.6)

Note: N, sample size; M± SD, mean± standard deviation; PFI, physical fitness index; 20 m SRT, 20 m shuttle run test.

The results of our study showed that the higher the PFI of Chinese children and ado-
lescent boys, the lower the detection rate of psychological symptoms and social adaptation
difficulties, and there was statistical significance (χ2 = 8.106, 7.065, p < 0.05). The higher the
PFI of girls, the lower the detection rate of psychological symptoms and social adaptation
difficulties, and there was statistical significance (χ2 = 10.922, 6.172, p < 0.05). In general,
the higher the PFI of Chinese children and adolescents, the lower the detection rate of
psychological symptoms, emotional symptoms and social adaptation difficulties, from
25.0% to 18.4%, 31.3% to 25.7% and 20.1% to 14.4%, respectively, and there was statistical
significance (χ2 = 14.073, 9.332, 12.183, p < 0.05) (Table 2).

Using the psychological symptoms of children and adolescents in the high-grade PFI
group as reference, binary logistic regression analysis was performed. Boys with a low-
grade (OR = 1.485, 95% CI: 1.104–1.998) or middle-grade (OR = 1.375, 95% CI: 1.082–1.749)
PFI had a higher risk of psychological symptoms, with statistical significance (p < 0.05).
Psychological symptoms were risk factors for low grades of PFI in girls (OR = 1.467, 95% CI:
1.100–1.957) compared with high grades of PFI (p < 0.05). Overall, compared with the high-
grade PFI, children and adolescents with a low-grade (OR = 1.476, 95% CI: 1.200–1.814)
or medium-grade PFI (OR = 1.195, 95% CI: 1.010–1.413) were more likely to develop
psychological symptoms (p < 0.05) (Table 3).

Figure 2 shows that compared with the high-grade PFI group, the middle-grade PFI
and especially the low-grade PFI group are more inclined to the right; that is, the risk of
psychological symptoms is higher.

168



Children 2022, 9, 1286

Table 2. Comparison of detection rates of psychological symptoms in different categories of Chinese
children and adolescents (%).

Category N Emotional
Symptoms

χ2-
Value

p-
Value

Behavioral
Symptoms

χ2-
Value

p-
Value

Social
Adaptation
Difficulties

χ2-
Value

p-
Value

Psychological
Symptoms

χ2-
Value

p-
Value

Boys
PFI (Low) 540 167 (30.9)

5.662 0.059
164 (30.4)

3.505 0.173
112 (20.7)

7.065 0.029
130 (24.1)

8.106 0.017PFI
(Middle) 2520 702 (27.9) 720 (28.6) 465 (18.5) 572 (22.7)

PFI (High) 540 132 (24.4) 137 (25.4) 79 (14.6) 95 (17.6)

Girls
PFI (Low) 540 171 (31.7)

5.234 0.073
156 (28.9)

1.921 0.383
105 (19.4)

6.172 0.046
140 (25.9)

10.922 0.004PFI
(Middle) 2520 677 (26.9) 661 (26.2) 395 (15.7) 499 (19.8)

PFI (High) 539 146 (27.0) 138 (25.6) 77 (14.3) 104 (19.3)

Total
PFI (Low) 1080 338 (31.3)

9.332 0.009
320 (29.6)

4.724 0.094
217 (20.1)

12.183 0.002
270 (25.0)

14.073 0.001PFI
(Middle) 5040 1379 (27.4) 1381 (27.4) 860 (17.1) 1071 (21.3)

PFI (High) 1079 278 (25.7) 275 (25.5) 156 (14.4) 199 (18.4)

Note: N, sample size; PFI, physical fitness index.

Table 3. Binary logistic regression analysis of psychological symptoms of Chinese children and
adolescents in different categories.

Category
Emotional Symptoms Behavioral Symptoms Social adaptation Difficulties Psychological Symptoms

OR (95% CI) p-
Value OR (95% CI) p-

Value OR (95% CI) p-
Value OR (95% CI) p-

Value

Boys
PFI (Low) 1.384 1.059–1.809 0.017 1.283 0.983–1.675 0.067 1.527 1.113–2.096 0.009 1.485 1.104–1.998 0.009

PFI (Middle) 1.194 0.963–1.479 0.106 1.177 0.952–1.455 0.133 1.320 1.019–1.711 0.035 1.375 1.082–1.749 0.009
PFI (High) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Girls
PFI (Low) 1.251 0.962–1.626 0.095 1.183 0.905–1.548 0.219 1.451 1.052–2.003 0.023 1.467 1.100–1.957 0.009

PFI (Middle) 0.991 0.804–1.222 0.935 1.036 0.837–1.281 0.746 1.118 0.858–1.455 0.409 1.035 0.818–1.310 0.774
PFI (High) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Total
PFI (Low) 1.314 1.089–1.585 0.004 1.233 1.020–1.489 0.030 1.489 1.188–1.866 0.001 1.476 1.200–1.814 0.000

PFI (Middle) 1.087 0.935–1.262 0.277 1.105 0.951–1.284 0.193 1.219 1.013–1.466 0.036 1.195 1.010–1.413 0.038
PFI (High) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Note: PFI, physical fitness index; OR (95% CI), odds ratio (95% confidence interval).
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In this study, the PFI was obtained by standardizing the Z score of nine physical 
fitness items and divided into high-, medium- and low-level groups according to the 
percentile. The higher the PFI, the lower the detection rate of each dimension of 

Figure 2. Binary logistic regression analysis OR value (95% CI) of psychological symptoms of Chinese
children and adolescents. Note: The high grade of PFI is 1.0; OR (95% CI), odds ratio (95% confidence interval).
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4. Discussion

The results of our study showed that the detection rate of psychological symptoms
in Chinese children and adolescents was 21.4%, which was lower than the results of
the psychological symptoms survey involving middle school students in nine cities in
China (36.73%) [47]. A survey of middle school students showed that the detection rate
of psychological symptoms was 64.1% for middle school students and 68.9% for high
school students [48], lower than the results of this study. The reason for this difference
is related to the differences in the selected regions, age groups and ethnic groups of the
surveyed subjects and the differing research length. For example, in recent years, China
has increased investment in the education of children and adolescents’ mental health
and strengthened teachers, which is also an important reason for the low proportion of
psychological symptoms [49]. In addition, there are differences in the evaluation criteria
or questionnaires of psychological symptoms used in different studies, which is also an
important reason for the large differences in the results of different studies [47,48]. Although
the detection rate of psychological symptoms in children and adolescents continues to
decrease, it is still at a high level. Therefore, social attention is needed to continuously
reduce the detection rate of psychological symptoms in children and adolescents. Although
the results are different, it is still vital to conduct research on the influencing factors and
interventions of psychological symptoms in children and adolescents, and the results
also provide theoretical support for the intervention aimed at children and adolescents
with psychological symptoms. Our research also shows that the detection rate of different
dimensions of psychological symptoms also differs between genders. The detection rate
of boys is higher than that of girls in emotional symptoms, behavioral symptoms, social
adaptation difficulties and psychological symptoms. The reason may be related to the
congenital personality differences between boys and girls. Society and the family endow
boys with greater responsibilities and expectations, resulting in a higher detection rate of
psychological symptoms.

In this study, the PFI was obtained by standardizing the Z score of nine physical fitness
items and divided into high-, medium- and low-level groups according to the percentile.
The higher the PFI, the lower the detection rate of each dimension of psychological symp-
toms in children and adolescents, and these findings were statistically significant (p < 0.01).
Relevant studies have shown that physical activity plays a positive role in improving
psychological symptoms [50–52]. Other studies have shown that active participation in
physical exercise and a good level of physical fitness play a positive role in promoting the
mental health of children and adolescents, and mentally healthy children and adolescents
are also more willing to improve their athletic ability through physical exercise [53,54]. The
Matute-Llorente [55] study showed that the longer the daily exercise time in children and
adolescents, the higher the level of cardiorespiratory fitness. The Aires [56] study also con-
firmed that the longer children and adolescents participate in exercise every day, the higher
their cardiorespiratory fitness level. Similarly, studies have confirmed that the higher the
level of cardiorespiratory fitness, the lower the detection rate of psychological symptoms in
children and adolescents, which further confirms the close relationship between physical
fitness level and psychological symptoms [57–59]. They also confirmed the conclusion
that children and adolescents with higher PFI had lower detection rate of psychological
symptoms in this study. Our study also showed that the influence of PFI on psychological
symptoms in boys was significantly higher than that in girls, especially when the PFI was at
a middle level. The reason may be that boys prefer physical exercise, their physical fitness
is better and the impact on psychological symptoms is more obvious. Conversely, girls’
participation in exercise is lower, so the effect on psychological symptoms is not significant.

Our research also has certain advantages. The sample size of the study is large, lead-
ing to representative results. The use of PFI, which comprehensively reflects physical
fitness, can also more accurately analyze the relationship between physical fitness and
psychological symptoms. Our research also has some shortcomings. First, this study is a
cross-sectional study, which can determine the association between physical fitness and
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psychological symptoms but not the causal relationship between the two. Prospective
cohort studies should be conducted in the future on this topic. Second, the sample popula-
tion of this study was located in Jiangxi, China, and the survey area was thus limited. The
scope of the survey should be expanded in the future to support these findings. Third, the
covariates in the investigation and analysis of this study were limited. The investigation of
covariates, such as sleep quality, physical activity time and screen time, should be added in
future studies to verify our results.

Based on the above studies, it can be seen that PFI is closely related to the detection rate
of psychological symptoms in Chinese children and adolescents. Reasonable arrangements
for active participation in physical exercise and improving physical fitness play a positive
role in preventing the occurrence of psychological symptoms in children and adolescents.
Of course, the reduction in psychological symptoms in children and adolescents cannot
be achieved solely by the improvement of physical fitness level. Although a large number
of theories and practices have confirmed that physical fitness improvement can cultivate
good mentality and values in children and adolescents, thereby promoting a good life and
habits and the healthy development of the body and mind, the development of children
and adolescents’ mental health is affected by multiple factors. We should also start from
the aspects of children and adolescents’ health education, family guidance and social
environment and jointly promote the physical and mental health of children and adolescents.

5. Conclusions

By testing seven physical fitness items of 7199 children and adolescents aged 13–18 in
China, the physical fitness indicators were standardized and converted into Z scores, and
the PFI was obtained after adding them up. The higher the PFI, the lower the detection
rate of psychological symptoms, emotional symptoms, behavioral symptoms and social
adaptation difficulties, showing a negative correlation between PFI and psychological
symptoms. In addition, compared with girls, boys’ PFI had a more significant effect on
psychological symptoms. In the future, the physical fitness level of Chinese children and
adolescents should be improved, and the detection rate of psychological symptoms in
children and adolescents should be reduced so as to jointly promote the physical and
mental development of Chinese children and adolescents.
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Abstract: Background: The application of various martial arts programs can greatly contribute to
improving the of physical fitness of preschool and school children. The purpose of this review
paper was to determine the effects and influence that martial arts program intervention has on
children’s physical fitness, which includes motor skills and the aerobic and anaerobic abilities of
children. Method: We searched the following electronic scientific databases for articles published
in English from January 2006 to April 2021 to gather data for this review paper: Google Scholar,
Pub Med, and Web of Science. Results: After the search was completed, 162 studies were identified,
of which 16 studies were selected and were systematically reviewed and analyzed. Eight studies
included karate programs, four studies included judo programs, two studies contained aikido
programs, and two studies contained taekwondo programs. The total number of participants was 1615
(experimental group = 914, control group = 701). Based on the main findings, karate, judo, taekwondo,
and aikido programs showed positive effects on the physical fitness of the experimental group of
children. According to the results, the effects of these programs showed statistically significant
improvements between the initial and final measurements of most of the examined experimental
groups. Conclusion: We concluded that martial arts programs were helpful for improving the
physical fitness of preschool and school children, especially for parameters such as cardiorespiratory
fitness, speed, agility, strength, flexibility, coordination, and balance.

Keywords: combat sports; physical fitness; motor skills; cardiorespiratory fitness

1. Introduction

Martial arts have been practiced for hundreds of years, and today, with modifica-
tion, they are often used in the form of sports, self-defense, and recreation [1]. Applying
well-organized martial arts programs to children can lead to an increase in physical fit-
ness, although the test results are not unequivocal [2]. Many studies have explored the
application of various martial arts programs in children in order to improve their motor
skills and physical fitness [1–5]. Positive effects could sometimes be visible, especially in
children who have been practicing martial arts since childhood. Regarding motor abilities,
the development of explosive power, speed of movement, agility, strength, balance, and
precision could be noticed [6,7], while on the other hand, in addition to specific physical
fitness, aerobic and anaerobic endurance were developed [8–10]. In addition, the link
between positive socio-psychological responses and involvement in martial arts has also
been reported in children. Specifically, increased social skills and self-confidence, along
with less aggressiveness, were evident among young martial artists [11]. Furthermore,
martial arts can have a significant influence on mental health and on the formation of
personal character in young people. Moreover, practicing martial arts helps young people
to learn the elements of self-defense and improve their fitness level [12].
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The progress of science and technology has led to a decrease in motor activity in
favor of a sedentary lifestyle, which has negatively affected the physical development of
children [7]. The percentage of children who meet the World Health Organization (WHO)
criteria for the recommended level of physical activity [13] is very small and ranges from
2% to 14% and from 9% to 34% in European girls and boys, respectively [5]. Practicing
martial arts greatly affects the improvement of the conative characteristics of a person, such
as determination, consistency, and motivation [14], as a result of well-organized training,
which can directly affect the improvement of physical fitness [15]. This correlates with the
results of a study performed by Pinto-Escalona et al. [5]. Pinto-Escalona et al. conducted a
one-year investigation in which the experimental group underwent karate intervention at
school that led to improved cardiorespiratory fitness and balance in the children. This study
was in line with the findings of Pavlova et al. [16] who conducted research with children
aged between 5 and 6 years of age. The experimental group (EG) of children underwent
a one-year karate program, compared to the classic program of preschool education that
the control group (CG) underwent. The results showed that the EG had twice the overall
growth rate of physical fitness compared to the CG, with the highest growth rate observed
in children in the EG in the “Flamingo” pose (balance). In a study by Boguszewski and
Socha [7], which included three groups of children from preschools (children that practiced
karate, gymnasts, and inactive children), the best results in the upper extremity strength
test were achieved by girls that practiced karate. In addition, based on the obtained results,
Boguszewski et al. [17] reported significant improvements in deep squats, shoulder mobility,
and torso stability (push-ups) in the experimental karate group. These two karate studies
were correlated with the research of Kirpenko et al. [18], which showed that there was a
significant improvement in the maximum aerobic capacity, strength, speed–power quality,
endurance, and flexibility in the Kyokushin karate experimental group in which children
between 10 and 12 years of age were examined. The existing literature reveals the positive
impact of various martial arts and combat sports on children’s well-being. The available
evidence demonstrates a positive impact on the physiological and physical development
of children who practice judo and meet the recommended standards of health-related
physical activity [19]. Moreover, Lee and Kim [20] used 16-week taekwondo training in
their work and found that children in the the experimental group showed increases in
maximum strength and balance. Wasik et al. [21] reported positive effects on body posture;
the number of occurrences of body asymmetry was reduced in children and adolescents
following a taekwondo training program. In research by Falk and Mor [6], the experimental
group of children, which contained children between 6 and 7 years of age, that underwent
the 12-week resistance training and martial arts program, showed significant (p < 0.05)
improvements compared with the control group in the sit-up and long jump tests.

Based on the authors’ findings, there are a small number of review studies that have
investigated the effects and impacts of martial arts programs on children’s physical fit-
ness [22]. Considering that the modern age has led to obesity and the deterioration of motor
skills in children, this research could contribute to solving this global problem through the
organization of martial arts programs, which could be performed as additional activities
alongside regular physical education classes. Hence, this review aimed to determine the
effects and influence that martial arts program intervention has on children’s physical
fitness, which includes motor skills and the aerobic and anaerobic abilities of children.

2. Materials and Methods
2.1. Inclusion Criteria

The following criteria were used to select the articles to be included in the review:
(1) original scientific articles; (2) all studies that dealt with martial arts; (3) articles written
in English; (4) articles where the participants in the sample were children of preschool and
school age (between 4 and 18 years of age).
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2.2. Exclusion Criteria

The following criteria were used to select the articles to be excluded from the research:
(1) review studies; (2) studies in which the subjects were children younger than 4 years
of age and older than 18 years of age; (3) articles with research in which the experimental
groups of children were not subjected to martial arts training programs; (4) articles in which
the results or investigated parameters were not adequately presented for further analysis.

2.3. Search Strategy and Study Selection

Electronic database searches were performed using Google Scholar, Pub Med, and
Web of Science. The search terms covered the areas of the influence of martial arts training
on physical fitness and martial arts programs for preschool and school children using
a combination of the following keywords: “martial arts”, “physical fitness”, “children”,
“motor skills”, “cardiorespiratory fitness”. The results of a search of articles written in
English and published between January 2006 and April 2021 were analyzed. Articles from
the database list that were clearly not relevant were removed before assessing all other titles
and abstracts using our predetermined inclusion and exclusion criteria. Inter-reviewer
disagreements were resolved by consensus opinion or arbitration by a third reviewer.
Reference lists of the selected manuscripts were also examined for any other potentially
eligible articles.

2.4. Assessment of Bias

Two independent reviewers assessed the risk of bias. The agreement between the
two reviewers was evaluated using k full-text screening statistics and an assessment of
relevance and the risk of bias. When there was disagreement over the risk of bias, the third
reviewer checked the data and formed the final decision. The agreement rate for k among
reviewers was k = 0.95. Inter-observational reliability and agreement were calculated
using the interclass correlation coefficient and Cohen’s kappa test with values interpreted
as follows: 0—no agreement; 0.01–0.20—slight agreement; 0.21–0.40—good agreement;
0.41–0.60—moderate agreement; 0.61–0.80—significant agreement; and 0.81–1.0—almost
perfect agreement.

3. Results
Selection and Inclusion of Studies

We collected 159 studies through a database search in Google Scholar, PubMed, and
Web of Science. Three more studies were found from other sources; thus, the total number
of collected studies was 162. Next, we excluded 63 duplicate studies (duplicate search or
publication of the thesis in a journal). After reviewing the research titles and abstracts of
the 99 remaining selected studies, an additional 26 studies were excluded that included
children with diseases and children older than 18 years of age. Another 10 studies were
excluded because they included martial arts that were not classified as budo martial arts. In
addition, seven other studies were excluded because full texts were not available. Therefore,
we selected 67 studies after excluding 32 studies. We reviewed the full text of the 67 selected
studies and classified them according to the PICOS criteria. After that, 24 studies with no
control groups, seven studies with unclear statistics, and 18 studies with uncertain training
durations were excluded. Therefore, we finally included 16 studies (8 studies included only
male participants, 1 study included only female participants, and 7 studies included both
sexes) (Table 1). The data selection method is presented within the following flow diagram
(Figure 1).
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Figure 1. PRISMA flow diagram.

The study included 16 original research articles that tested the effects of martial arts
programs in children aged between 4 and 13 years of age. The articles are presented
in tabular form by year of publication from 2006 to 2021, respectively. There were no
control groups in four articles [2,23,30,32]. The youngest participant was 4.5 years old [7],
and the oldest participant was 13 years [33]. The total number of participants was 1615
(EG = 914, CG = 701). The sample sizes of the studies were analyzed and ranged from
10 [25] to 721 children [5]. In seven studies, both genders were included [2,4,5,7,25,30,31].
In eight studies, the participants were only male children [16,18,23,26–29,32], while one
study included only girls [24]. The longest experimental treatment lasted two years [18]
and the shortest only lasted a week [26]. Frequently, the duration of the sessions in all
martial arts programs was 60 min [2,4,5,7,16,26–28,32]. Eight studies included experimental
treatments of karate [2,4,5,7,16,18,26,29], four studies included judo treatments [23–25,32],
in two articles taekwondo treatments were employed [26,27], and two studies included
experimental aikido treatments [27,28].

4. Discussion

This study examined the effects of various martial arts programs on children’s physical
fitness. Based on the main findings, karate, judo, taekwondo, and aikido programs showed
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positive effects on physical fitness components. According to the results, the effects of these
programs showed significant differences between the initial and final measurements of most
of the examined experimental programs, but also when compared to the control groups.
Cardiorespiratory fitness, speed, agility, strength, flexibility, coordination, and balance were
used to assess physical fitness, while other parameters, such as body composition, mental
conative, and cognitive capacities, were excluded.

4.1. Cardiorespiratory Fitness

Cardiorespiratory fitness as a parameter of physical fitness was represented in only
three studies [18,28,32]. After a 24-month karate program, Kyrpenko et al. [18] found a
large statistically significant improvement (p < 0.01) in the cardiorespiratory endurance
parameter in the EG of karatekas, while in inactive children in the CG, this was not
the case. The 1000 m test is a middle-distance running test that gives participants the
opportunity to increase their cardiorespiratory fitness at the expense of muscle strength
and to improve their running technique, unlike running for 20 m, 30 m, and 100 m, where
the type of muscle fibers, despite the training, plays a major role. Since the treatment in the
EG lasted 24 months, it was no wonder that there was a significant improvement in the
final measurement, given that the subjects had enough time to increase their strength and
improve their running technique. In addition, Brasil et al. [32] assessed the cardiorespiratory
ability of obese and non-obese children after participating in a 12-week judo program. The
authors concluded that there was a decrease in the VO2peak parameter in the obese children
and statistically significant differences in HR at the VO2peak between non-obese and obese
children. Given that obese children have an excess of inefficient adipose tissue that leads
to accelerated fatigue, it was no wonder that HRs at the VO2peaks were higher in the
obese children. Pop et al. [28] examined cardiorespiratory endurance, where the EG, in
addition to regular classes of physical education, was subjected to an eight-month aikido
program, while the control group attended only physical education classes. Testing was
performed using the 20 m beep test, and, on that occasion, it was concluded that there were
no statistically significant differences between the EG and the CG in the final measurements.

4.2. Speed and Agility

The shuttle run agility test has been the main tool to test this motor ability in many
studies in which agility as a parameter of physical fitness was presented [7,18,23,24,29,31].
Specifically, using the nine-month judo program, Sekulic et al. [23] found statistically sig-
nificant differences (p < 0.05) in the final measurements of the 4 × 1.98 m shuttle run agility
test in an experimental group of subjects composed of boys. This was in correlation with the
findings of Krstulović et al. [24], who also found statistically significant differences using
the same test as the judo program of the same duration in female participants. In addition,
using a six-month karate program, Boguszevski and Socha [7] used the 4 × 5 shuttle run
test to assess agility, concluding that progress had been made in the final measurements,
but they remained statistically insignificant. This was not correlated with Ma and Qu [29],
who used the same 4 × 5 shuttle run test to identify the effects of a two-month karate
program. They found a statistically significant difference (p < 0.01) in the final measurement
of the EG that correlated with the results obtained by Top et al. [31] and Kyrpenko et al. [18],
who tested the agility of the 4 × 9 shuttle run test using a two-year karate program and
found a statistically significant improvement (p < 0.01) in the EG compared to the CG.

Padulo et al. [26] used frontal/side jumps in a quadratic agility assessment test to
compare the effects of a one-week high- and low-intensity karate program. They found a
statistically significant improvement in the EG. They also found a statistically significant
difference between the EG and the CG in favor of the EG on the final measurement. Speed
was one of the monitored parameters of physical fitness in five articles [4,23–25,28]. Various
running speed tests were used to measure speed as a parameter of physical fitness. Sekulic
et al. [23] concluded that the change in speed in boys did not occur in the initial and final
EG measurements. This correlated with the findings of Krstulović et al. [24], who applied
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almost the same program for 9 months in female participants; however, this was not
correlated with the findings of Demiral [25], whose research showed statistically significant
differences between the EG and the CG in the 20 m sprint test. Perhaps the reason was
that Demiral’s study lasted 3 months longer than the previously mentioned studies [23,24],
where the participants were subjected to experimental treatment for a longer period of time.
A study conducted by Pop et al. [28] used 20 m sprint tests, while Alesi et al. [4] applied
a transfer-running test to check the speed skill of participants and also found statistically
significant differences between the EG and the CG in favor of the EG.

4.3. Strength

Strength, as a parameter of physical fitness, was assessed in 12 research articles [2,4,
7,16,18,23–26,29–31]. In most of the studies, the explosive strength of the legs and arms
was measured using standing long jumps and medical ball throws tests. Specifically,
in all studies in which explosive power was tested by these test protocols, statistically
significant improvements in the EGs were present [2,4,7,16,18,22–26,29,31] and also in some
CGs [16,22,24]. Since the ULES parameter (upper limb explosive strength) was presented
in five articles [7,16,25,26,29], and the fact that in each of these articles medical ball throws
were used, it was the main test for estimating this parameter. In four of the five studies,
the karate program was applied, while the judo program was implemented in only one
study [25]. Considering that karate is a striking martial art and sport, which requires highly
developed explosiveness and quickness that is constantly emphasized during the training,
it is absolutely justified and logical that this parameter improved. Repetitive strength was
presented in three studies [7,16,29]. Based on the results of their research, Boguszevski and
Socha [7] found no statistically significant differences between the EG and the CG on the
initial and final measurements of the sit-up test in their study in which a six-month karate
program was applied. This correlated with the results obtained by Ma and Qu [30], who
tested the repetitive strength of karatekas conducting the same test and concluded that
there were no statistically significant improvements in their EG at the final measurements.
Interestingly, the authors of both articles came to the same conclusions, even though the
karate program proposed by Boguszevski and Socha [7] lasted 24 weeks and the program
of Ma and Qu [29] lasted only 8 weeks. It is probable that the main reason for this is the fact
that there were no exercises in the experimental karate programs that affected the repetitive
strength of the abdominal muscles. Pavlova et al. [16] found that after a 12-month karate
program, there was a statistically significant improvement (p < 0.01) in the EG in repetitive
leg strength. A significant improvement (p < 0.01) was also registered in the CG, where
the participants attended only physical education classes. Since the children were aged
between 5 and 6 years old at the beginning of the treatment, it is likely that one of the
reasons for the great improvement was maturation.

4.4. Flexibility

Flexibility was one of the parameters for assessing physical fitness in 10 articles [2,5,
7,18,23,24,26,27,29,30]. The most common flexibility assessment test used in as many as
five articles was the “sit and reach” test [2,23,24,29,30]. The results of this test showed
statistically significant differences in flexibility between the EG and the CG in the final
measurements in two articles by Krstulović et al. [24] and Sekulic et al. [23], in which
9-month judo programs were conducted. This was partially in line with the findings of
Rutkowski et al. [2], who, by applying a 10-week karate program, found a statistically
significant decrease in flexibility in normal-weight boys, while in normal-weight girls,
there was a statistically significant difference. In addition, this did not correlate with the
results of Pathare et al. [30] and Ma and Qu [29]; in these studies no statistically significant
improvement in flexibility was observed. In addition, the author Mrockowski [27] used
a nine-month aikido program, where the hip flexibility test “samurai walk” was used to
examine flexibility, and the presence of statistically significant differences between the EG
and the CG were evident. Boguszevski and Socha [7] used the “finger floor” test to assess
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flexibility and found that the participants in the EG group (girls) significantly improved
their performances compared to the control group. This correlated with Padulo et al. [26],
who obtained similar results, checking the flexibility of the joints after a one-week program
of high-intensity karate (EG) and low-intensity karate (CG); however, this did not correlate
with the findings of Kirpenko et al. [18] who concluded that 12 months of karate did not
cause an improvement in flexibility.

4.5. Coordination

Coordination as a parameter of physical fitness was represented in four articles [23–25,31].
The results of the 10 m polygon test conducted by Krstulović et al. [24] and Sekulić et al. [23]
did not show statistically significant differences in coordination between the EG and the
CG in the final measurements of both studies. In his research, Demiral [25] applied the
coordination test (balance skill) and rapidity test in the EG and the CG of judokas and
found statistically significant improvements (p < 0.01) in both sexes of the EG. In addition,
statistically significant differences (p < 0.01) in coordination were found in the EG of girls
compared to the CG. However, these results were partially in line with the results of Top
et al. [31], which indicated a statistically significant improvement (p < 0.05) in the EG, but
no statistically significant differences between the EG and the CG in the final measurements
were observed.

4.6. Balance

Balance was tested in the majority of studies using the “flamingo” balance test [16,25,28]. In
addition, other articles used the following tests: the Y balance test [5], the single-leg balance
test with closed and open eyes [2,31], and a test that involved balancing on a force plate
device [30]. Demiral [25] found a statistically significant improvement in balance in the EG
of boys and girls following a 12-month judo program. These findings were not correlated
with the results of Pop et al. [28], who found no significant differences between the EG
and the CG after an eight-month aikido program in addition to regular physical education
classes. In addition, according to Demiral’s findings, a partial correlation was found with
the study of Pavlova et al. [16]; the EG achieved a statistically significant improvement
in balance, which was the same as the CG, whose participants only attended regular
physical education classes. Speaking of the Y balance test, Pinto-Escalona et al. [5] found a
slight improvement in the EG group that was not statistically significant. In the research
performed by Rutkowski et al. [2], in which all the subjects underwent experimental
treatment, only boys of normal weight achieved a statistically significant improvement in
balance. This was not consistent with the findings of Pathare et al. [30], who discovered that
overweight children had greater improvements in balance than healthy-weight children.

4.7. Future Research

Important considerations were identified from this review to support the development
of future research in this research field, such as the following:

• One needs to be cautious when adopting an intervention program model that has
already been performed and has relevant methodological limitations.

• There is a lack of studies dealing with the impact of martial arts on children’s car-
diorespiratory and motor-skill parameters. In future studies, the emphasis should be
on non-budo martial arts such as capoeira, muay Thai, Brazilian jiu-jitsu, wrestling,
and other combat sports [33].

• The following studies might have investigate preschool children because, in most
countries, children start practicing martial arts from an early age.

• Various martial arts programs for school and preschool children need to be analyzed
and a larger number of physical fitness parameters with an emphasis on body compo-
sition, as well as the heterochronism of their development, need to be monitored.

184



Children 2022, 9, 1203

4.8. Strengths and Limitations

This is one of the first review papers that combined several different martial arts
and analyzed their effect on children, including a comprehensive search of studies and
the assessment of their methodological qualities. The main limitation of this study is the
fact that, in addition to judo, taekwondo, and aikido, the majority of the research papers
were based on karate. Therefore, the karate program was the most effective in terms of
positive impact on physical fitness. Additionally, a significantly larger number of male
children were included in the monitored studies. Given that there are large differences in
motor skills and cardiorespiratory fitness between boys and girls, the gender should be
defined separately.

5. Conclusions

This review confirmed that martial arts programs lead to improved physical fitness in
preschool and school children. Based on the results of the analysis, it could be concluded
that cardiorespiratory fitness, speed, agility, strength, flexibility, coordination, and balance
were the most important parameters of physical fitness, which demonstrated considerable
improvement in the final measurements of EG participants. The obtained information could
be very useful in promoting and advertising the positive aspects of these budo martial arts,
which can directly affect children’s and parents’ choices when it comes to choosing the
sport that they will practice.

Author Contributions: Conceptualization, A.S. and M.M.; methodology, R.R. and T.T.; software,
M.M.; validation, P.M. and P.D.; formal analysis, M.M.; investigation, A.S.; resources, P.D.; data
curation, M.M.; writing—original draft preparation, A.S. and M.M.; writing—review and editing,
R.R., T.T., P.M. and P.D.; visualization, A.S.; supervision, P.D.; project administration, A.S.; funding
acquisition, P.D. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Serbian Ministry of Education, Science, and Techno-
logical Development and the Provincial Secretariat for Higher Education and Scientific Research
(142-451-2594).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Woodward, T.W. A review of the effects of martial arts practice on health. Wis. Med. J. 2009, 108, 40–43.
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Abstract: One of the characteristics of autism spectrum disorder (ASD) subjects is postural control
deficit, which is significant when somatosensory perception is affected. This study analyzed postural
stability evolution after physical therapy exercises based on balance training. The study included
28 children with ASD (average age 8 years, average weight 32.18 kg). The rehabilitation program
involved performing balance exercises twice a week for three months. Subject assessment was carried
out using the RSScan platform. The parameters were the surface of the confidence ellipse (A) and
the length of the curve (L) described by the pressure center, which were evaluated before and after
the rehabilitation program. Following data processing, we observed a significant decrease in the
surface of the confidence ellipse by 92% from EV1 to EV2. Additionally, a decrease of 42% in the
curve length was observed from EV1 to EV2. A t test applied to the ellipse surface showed a p = 0.021
and a Cohen’s coefficient of 0.8 (very large effect size). A t test applied to the length L showed
p = 0.029 and Cohen’s coefficient of 1.27 mm. Thus, the results show a significant improvement in the
two parameters. The application of the program based on physical exercise led to an improvement in
the balance of children with autism under complex evaluation conditions.

Keywords: ASD; balance; postural control; rehabilitation

1. Introduction

World Health Organization (WHO) data published in April 2017 show that an es-
timated 1 in 160 children worldwide are suffering from an autism spectrum disorder
(ASD). This represents more than 7.6 million years of life adjustments depending on the
disability and 0.3% of the global burden of diseases. This estimation represents an average
number, and the reported prevalence substantially varies across studies. However, some
well-controlled studies have reported numbers that are substantially higher. In many
countries with low and medium budgets, ASD prevalence levels are still unknown. Based
on epidemiological studies conducted over the last 50 years, ASD prevalence seems to
be increasing globally. There are many possible explanations for this apparent increase,
including greater awareness, expanded diagnostic criteria, better diagnosis instruments,
and better reporting.

Recent studies suggest that autism affects about one percent of European people,
accounting for more than five million people in the European Union (EU). Over the last
30 years, the number of reported autism cases has increased rapidly in all countries where
prevalence studies have been performed. This increase is partly due to increased awareness
of this disorder among health professionals, parents, and the general population; changes
in the diagnosis criteria for autism; and children being diagnosed from an early age.
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Autism is also known as an early onset disorder of the central nervous system (CNS).
Even though the underlying mechanisms are still unknown, autism is usually described as
a disorder of the brain since many changes in the brain have been found and analyzed [1].
In fact, ASD symptoms have been associated with ubiquitous CNS atypicality.

Autism spectrum disorders (ASDs) are a group of complex disorders involving brain
development [2]. This umbrella term includes autistic disorder, Asperger disorder, and
atypical autism. These disorders are characterized by difficulties with interactions and
social communication and a restrained range of interests and activities to those with a
repetitive character [3]. ASDs begin in childhood and tend to persist into adolescence and
adulthood. In most cases, ASD is identified in the first 5 years of life.

People with ASD often present other conditions, such as epilepsy, depression, anxiety,
and attention deficit hyperactivity disorder (ADHD). The functional intelligence level of
ASD persons is extremely variable, ranging from severe mental intellectual disability to
very high IQ levels.

According to some nuclear magnetic resonance (NMR) studies [4], at the ages of
2–4 years, 90% of autistic patients have greater than average cerebral volumes.

Compared to the general population, autistic persons are at a higher risk of presenting
with a range of concurrent medical disorders and premature mortality [5,6]. It has been
observed that common genetic vulnerability and/or underlying biological mechanisms
that involve more systems may contribute to a higher prevalence of somatic complications
in autism [7,8].

Sensorial and motor deficits as well as fine and gross motor function disabilities are
consistently reported in children with ASD and are correlated with the severity of the social
communication deficiency [9,10]. Sensory abnormalities are often the earliest identifiable
clinical features of developmental disorders [11,12]. Similar to social communication
deficits, motor deficits may represent the basic features of autism when a larger spectrum
of symptoms is taken into consideration [13].

Access to information from multiple sources provides many benefits, such as improv-
ing reaction times, the accuracy of identification, and processing efficiency. The ability to
integrate visual and auditory stimuli can provide a base for social development, language,
and communication.

In recent years, a high prevalence of sensory processing has been observed in autistic
children that accounts for 30% to 100% of cases. For the first time, processing difficulties
have been recognized as a diagnostic criterion for ASD. These difficulties have a negative
impact on the development and learning capacities of the subjects as well as on their
behavioral, cognitive, physical, and psychological functioning. This is the main reason
behind the need to improve sensorial stimulation.

Many studies have shown a disturbance in the postural control efficiency of people
with ASD with an increase in the disturbance of the center of pressure (CoP) parameters
under two conditions: eyes open (EO) [14–19] and eyes closed (EC) [15–17].

Postural control during orthostatism also seems to be modified in children with ASD
during difficult situations [15]. Postural control is based on the automatic system [15,20],
involves paying attention during different simple or complex tasks, and provides postural
control regulation [21].

Dual task (DT) is a paradigm that has been widely used to investigate the degree of
automatic and attentional processing in postural control in children, as well as in older
adults [14,21]. DT is capable of improving the capacity of a person to stand in a vertical
position while it integrates afferents from all systems to reflect the degree of automatism in
postural control [21]. DT contributes to observing the posture in a multimodal integration
context, especially when combined with an associated cognitive task.

Skateboarding has a positive impact on the development of new motor abilities [22].
Scientists have shown the positive results of dancing on repetitive behavior, cognitive
function, executive function [23], behavioral problems, physical fitness, and motor abil-
ities [24,25] in children with ASD. The effect of gymnastic exercises on self-control was
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established in [15,26], and its effect on speech development and physical fitness indicators
was shown in [26]. Exercise programs that involve cardio and fitness significantly increase
fitness levels in children with ASD, improving aerobic resistance and muscle strength [27].
Exergaming use has been shown to reduce the number of stereotyped actions and improve
cognitive and executive functions in children with ASD [23]. Outside games and training
programs that mainly involve sport game elements increase PA [28] and positively affect
motor abilities in children with ASD, including hand and body coordination, strength, and
dexterity [29,30], as well as executive functions [31].

It has been demonstrated that many interventions could increase the balance ca-
pacities of children with ASD [29,30]. While many are non-specific (e.g., swimming or
taekwondo [31]), we found only two studies that explored the possibility of using balance
training in particular for the treatment of ASD [30].

Cheldavi H et al. [32] reported postural control improvement in two visual conditions
(eye open and eye closed (EO, EC)) and on two surfaces (foam, hard) in 10-year-old children
with ASD. In this study, 20 children with ASD undertook a training program based on a
six-week-long balance training intervention with eyes open and eyes closed. The mean
velocity and anteroposterior and mediolateral axis displacements were measured and they
found that balance training improves the postural sway in different sensory conditions in
children with ASD.

Travers [33] investigated the effect of a 6-week balance training program based on
visual biofeedback in 29 children with ASD in EO, EC, and visual feedback conditions (the
latter meaning they could see someone’s center of pressure on a screen). The results of
the study show that specific balance training programs are capable of improving postural
control and suggest that this should be integrated into rehabilitation programs for children
with ASD [30].

At the same time, the use of physical activity for balance rehabilitation could help to
improve posture and ASD phenotype, not only by releasing attentional resources but also
by addressing one of the many possible causes of ASD symptoms.

Additionally, Jabouille et al. [34] found that 4 weeks of balance rehabilitation using
specific sensory stimulation such as balance foam increased cognitive load conditions.
The dual task conditions consisted of presenting images representing a neutral condition,
sadness, anger, and fear. The evaluation included the assessment of postural control by
measuring the surface, velocity, mediolateral, and anteroposterior sway amplitudes of
centers of pressure using a posturographic platform. The rehabilitation program resulted
in a 30–96% improvement in postural control parameters in both participants.

Research by Caldani et al. [35] on postural control in children with ASD during a
specific rehabilitation program was conducted using Balance Quest by Framiral on an
unstable platform under three different viewing conditions. The participants were split
into two groups. Group G1 spent 1 min on postural training and group G2 spent 6 min on
postural training. They concluded that G2 showed a significant improvement in postural
control as assessed by the Framiral platform and that new rehabilitation strategies need to
consider incorporating postural rehabilitation in children with ASD.

Sensory information processes from visual, vestibular, and proprioceptive recep-
tors contribute to postural stability in order to accomplish neuromuscular control, bal-
ance maintenance, and appropriate motor responses. Any disorders involving these pro-
cesses or integration disorders affect an individual’s balance, necessitating intervention.
Ghafar et al. [36] propose an investigation into sensory integration and balance using the
Biodex balance system (BBS) in children with autism spectrum disorder (ASD) during a
static posture. They studied 74 children with ASD and evaluated their postural sway in
four different situations: eyes open/firm surface, eyes closed/firm surface, eyes open/foam
surface, and eyes closed/foam surface. Children with ASD showed a significant increase in
postural sway and the results provide evidence that postural stability decreased in children
with ASD. Additionally, they found that children diagnosed with ASD have postural con-
trol deficiencies, especially in cases in which visual and somatosensory input are disrupted.
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The authors conclude that there is a need to conduct more research to find the best balance
training program using different rehabilitation exercises and to provide a scientific basis
for a training program. Balance rehabilitation in particular seems to have the potential
to improve postural control in children with ASD. For this reason, and due to the lack of
information that is currently available, we proposed this study.

The aim of our study was to analyze the role of a multisensorial stimulation inter-
vention in children with autism spectrum disorder (ASD) during postural control and
balance exercises.

2. Materials and Methods
2.1. Subjects

We studied 28 participants aged between 8 and 14 years old. Their average age was
8.6 years and their average weight was 32.18 kg with a standard deviation (SD) of 8.22.
All participants had autism or autism spectrum disorder (ASD). They did not present
aggressive behavior, intellectual disability, or ADHD. All subjects had similar levels of
development, meaning that there were no significant differences between those who were
8 years old and those who were 14 years old. In Table 1, we present the demographic data.
Figure 1 presents the gender distribution of the patients.

Table 1. Demographic data for subjects included in the study.

Subject No Weight (kg) Height (cm) Gender Level of Disability According to the
Social Assistance Criteria

S1 37 134 F Mild

S2 27 124 M Mild

S3 36 134 M Mild

S4 18 126 F Mild

S5 22 125 M Mild

S6 44 147 F Mild

S7 44 138 M Mild

S8 38 145 F Mild

S9 25 128 M Mild

S10 35 136 M Mild

S11 20 137 M Mild

S12 23 128 M Mild

S13 45 150 F Mild

S14 42 136 M Mild

S15 40 140 F Mild

S16 26 129 M Mild

S17 37 136 M Mild

S18 21 128 M Mild

S19 24 124 M Mild

S20 47 149 M Mild

S21 41 151 M Mild

S22 30 147 F Mild

S23 26 132 M Mild

S24 34 150 M Mild

S25 17 135 M Mild

S26 20 152 M Mild

S27 43 142 F Mild

S28 39 129 M Mild

190



Children 2022, 9, 1152

Children 2022, 9, 1152 5 of 16 
 

 

S27 43 142 F Mild 

S28 39 129 M Mild 

 

Figure 1. Gender distribution of patients. Participants are included in the special education sys-

tem. 

ASD is a genetically heterogenous group of neurobehavioral disorders characterized 

by impairment in three behavioral domains including communication, social interaction, 

and stereotypic repetitive behaviors. For this reason, it is possible to have different re-

sponses to tasks and training. We tried to select a homogenous group in order to ensure 

that specific aspects such as communication, social interaction, and stereotypic repetitive 

behaviors did not influence their participation in the training. However, all participants 

recruited in the present study had level one autism (mild) and were able to complete a 

series of motor competence assessments (i.e., Bruininks–Oseretsky Test of Motor Profi-

ciency-2 and Movement Assessment Battery-2). The results of these assessments are not 

presented because this was not the aim of our research. We enrolled patients according to 

their medical and social assistance requirements. Children with level one ASD exhibit def-

icits in social communication without supports in place and inflexibility of behavior. In-

clusion criteria: (1) diagnosed with level one ASD by a physician, (2) had the ability to 

understand and communicate with the physician and physiotherapist, and (3) had the 

ability to perform motor tasks. The exclusion criteria: had chronic medical disorders, vis-

ual impairments, physical impairments that could affect postural stability, attention defi-

cit hyperactivity disorder (ADHD), intellectual disability, and had not participated in any 

physiotherapy programs to improve balance. 

The participants are included in a special education system. The children attend a 

special education center and are diagnosed with ASD from authorized clinical personnel 

before they come to us to work on the rehabilitation of their balance and coordination. We 

receive their medical documents, which contain only diagnoses based on medical deci-

sions. The grade of severity is assessed based on medical diagnosis, medical evaluation, 

and special criteria such as: biopsychosocial assessments, participation in social activities, 

physical activity, participation in the community, learning skills, selfcare, communication, 

and language mobility. 

According to specific scales, children with ASD are evaluated using the Vineland 

scale (average 8.6/36 points); Harvey scale (average 29.75/93 points); and psychometric 

development scale (average value is 96.5%). 
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ASD is a genetically heterogenous group of neurobehavioral disorders characterized by
impairment in three behavioral domains including communication, social interaction, and
stereotypic repetitive behaviors. For this reason, it is possible to have different responses to
tasks and training. We tried to select a homogenous group in order to ensure that specific
aspects such as communication, social interaction, and stereotypic repetitive behaviors
did not influence their participation in the training. However, all participants recruited
in the present study had level one autism (mild) and were able to complete a series of
motor competence assessments (i.e., Bruininks–Oseretsky Test of Motor Proficiency-2 and
Movement Assessment Battery-2). The results of these assessments are not presented
because this was not the aim of our research. We enrolled patients according to their
medical and social assistance requirements. Children with level one ASD exhibit deficits in
social communication without supports in place and inflexibility of behavior. Inclusion
criteria: (1) diagnosed with level one ASD by a physician, (2) had the ability to understand
and communicate with the physician and physiotherapist, and (3) had the ability to perform
motor tasks. The exclusion criteria: had chronic medical disorders, visual impairments,
physical impairments that could affect postural stability, attention deficit hyperactivity
disorder (ADHD), intellectual disability, and had not participated in any physiotherapy
programs to improve balance.

The participants are included in a special education system. The children attend a
special education center and are diagnosed with ASD from authorized clinical personnel
before they come to us to work on the rehabilitation of their balance and coordination.
We receive their medical documents, which contain only diagnoses based on medical
decisions. The grade of severity is assessed based on medical diagnosis, medical evaluation,
and special criteria such as: biopsychosocial assessments, participation in social activities,
physical activity, participation in the community, learning skills, selfcare, communication,
and language mobility.

According to specific scales, children with ASD are evaluated using the Vineland
scale (average 8.6/36 points); Harvey scale (average 29.75/93 points); and psychometric
development scale (average value is 96.5%).

We excluded children with ADHD and intellectual disabilities because they do not
show sufficient cooperation when participating in physiotherapy programs. The aim of our
study was to increase participants’ balance and coordination and we worked with children
that had the capacity to understand and respond to the tasks in the training program.
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2.2. Evaluation

The evaluation was conducted using the RSScan pressure and force platform to register
the parameters, including the surface of the confidence ellipse (A) and the length of the
curve (Lc) described by the pressure center and coefficient Lc/A. These parameters were
registered before and after the physical exercise program in two evaluations: one before
(EV1) and one after (EV2) the physical exercise (P.E.) program, which lasted 6 months.

The assessments were conducted in a quiet room with constant light and temperature
levels. The children had to be barefoot during the assessment. The children had to stay
calm on the platform while looking at an empty white wall. In this way, we avoided any
type of distraction, and we used simple instructions such as “stay!” and “do not move!”.

Posturographic data were obtained using the RSScan platform. The high-speed system
performs accurate plantar pressure measurements with 4096 sensors at a scan rate of up to
500 Hz or 500 measurements per second. Raw data were filtered offline before counting the
CoP parameters: the surface (the ellipse that contains 90% of the CoP coordinates), medium
speed (medium speed of the CoP during the acquisition period, which means 30 s), and
the CoP in the anteroposterior interval (AP) and mediolateral directions (ML) [16,17]. The
CoP is the center of pressure in terms of body weight distribution, as recorded by force and
pressure platforms.

The posturographic assessment is reliable and valid in children with typical devel-
opment [17].

2.3. Statistical Analysis

The statistical analysis included descriptive analysis and a JB test (Jarque–Bera), which
gives us information about the normal distribution of parameters. A Student’s t test was
applied to reveal any differences between parameter values from evaluation point 1 (EV1)
to evaluation point 2 (EV2). The test indicates whether it is a significant difference.

We applied the Student’s t-test for equal means. To analyze the effect size of the
parameter evolution, we used the Cohen D coefficient. For correlations between param-
eters at the two points of evaluation—EV1 and EV2—we use Pearson’s correlation and
Spearman’s correlation.

2.4. Training Program—Physical Activity (P.A.)

For therapy recommendations, based on the results of the evaluation, we proposed
an initial P.A. therapy program based on a series of principles. We worked with each
participant individually 3 times per week for 6 months using the program listed below.
Each session lasted 30 min and followed the list of 6 exercises that we recommended in the
exact order they are listed, from 1 to 7, starting with warm-up exercises.

We made our recommendations based on the evaluations performed with child in-
terventions involving physical exercises for reducing the imbalances specific to autism,
such as behavioral problems, stereotypical movements, lack of attention (same as for im-
proving academic performance), social involvement, relations between peers, and motor
perceptive skills.

Breathing exercises and stabilization exercises were used to restore muscle posture
balance and the vertical axis of the body (in the same way as gymnastics), and the entire
program was designed around sensory–motor coordination development, which is the
most important step in forming the “cognitive–emotional brain” and intellectual abilities.

The objectives of the kinetic program were as follows:

• Positive influence on the body scheme representation;
• Recovery of laterality disturbances;
• Recovery of orientation, organizing, and spatial structure problems;
• Recovery of orientation and temporal structuring disorders;
• Recovery of balance and coordination disorders.

The modalities that are helpful towards achieving these objectives are the physical
exercises that are proposed below.
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Exercises that are useful for increasing both-leg and one leg balance as well as for
improving coordination and stabilization were included. We recommend performing them
3 times per week.

Exercises and games were organized using simple equipment such as gymnastic
benches and balance boards. For a complex and detailed rehabilitation program, we
recommend the following:

Warm-up exercises for the neck and head (flexion–extensions), upper limbs (flexion–
extensions, abductions, adductions, rotations), trunk (lateral left–right inclinations, trunk
rotations), and lower limbs (flexion–extensions, circumductions, ball-like jumping and
tip–toes–heels lifting) were recommended for the beginning of every training session.

We recommend patients walk on the wide side of a gymnastic bench (see Figure 2)
for 4 repetitions 3 times per week. (This exercise is useful for increasing the balance and
coordination of the lower limbs.)

Children 2022, 9, 1152 7 of 16 
 

 

The objectives of the kinetic program were as follows: 

• Positive influence on the body scheme representation; 

• Recovery of laterality disturbances; 

• Recovery of orientation, organizing, and spatial structure problems; 

• Recovery of orientation and temporal structuring disorders; 

• Recovery of balance and coordination disorders. 

The modalities that are helpful towards achieving these objectives are the physical 

exercises that are proposed below. 

Exercises that are useful for increasing both-leg and one leg balance as well as for 

improving coordination and stabilization were included. We recommend performing 

them 3 times per week. 

Exercises and games were organized using simple equipment such as gymnastic 

benches and balance boards. For a complex and detailed rehabilitation program, we rec-

ommend the following: 

Warm-up exercises for the neck and head (flexion–extensions), upper limbs (flexion–

extensions, abductions, adductions, rotations), trunk (lateral left–right inclinations, trunk 

rotations), and lower limbs (flexion–extensions, circumductions, ball-like jumping and 

tip–toes–heels lifting) were recommended for the beginning of every training session. 

We recommend patients walk on the wide side of a gymnastic bench (see Figure 2) 

for 4 repetitions 3 times per week. (This exercise is useful for increasing the balance and 

coordination of the lower limbs.) 

 

Figure 2. Walking on the wide side of a gymnastic bench. 

1. Walking on a gymnastic bench, on the narrow side, as seen in Figure 3. (This exercise 

is useful for increasing the balance and coordination of the lower limbs; using the 

upper limbs to maintain balance means that we train those too.) We recommend that 

patients perform 4 repetitions of this exercise, 3 times per week. 

Figure 2. Walking on the wide side of a gymnastic bench.

1. Walking on a gymnastic bench, on the narrow side, as seen in Figure 3. (This exercise
is useful for increasing the balance and coordination of the lower limbs; using the
upper limbs to maintain balance means that we train those too.) We recommend that
patients perform 4 repetitions of this exercise, 3 times per week.

2. Standing on one leg, like a stork, for 10 s per leg (this exercise improves balance and
coordination). We recommend that patients perform 6 repetitions of this exercise,
3 times per week.

3. Standing on one leg, with the other leg in front, lateral, and behind without touching
the ground (Figure 4). (This exercise is good for increasing dynamic balance.) We
recommend that patients perform 6 repetitions of this exercise, 3 times per week.

4. Jumping from one leg to another while using circles on the ground to mark the
place where the child must jump. (This exercise improves dynamic balance and
coordination.) We recommend that patients perform 4 repetitions of this exercise,
3 times per week.

5. Balance board exercises. First, we need to help the child and keep him or her balanced
by placing the board near a parallel bar, where they can maintain their own balance.
When the child is confident enough, he or she can release the support and stay on the
board by themselves (as shown in Figure 5). This should be performed 3 times per
week. (This exercise is useful for increasing balance.)
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3. Results

The initial evaluation results are presented in Table 2 and the descriptive statistics of
the evaluation results are shown in Table 3.

Table 2. Data collected from subjects at the first assessment (EV1).

Subjects Weight (Kg) The Surface of the
Confidence Ellipse A (mm2)

The Length of the Curve (Lc)
Described by COP (mm) Coefficient Lc/A

S1 37 326 787 2.41
S2 27 357 525 1.47
S3 36 1489 407 0.27
S4 18 1437 900 0.63
S5 22 2935 1144 0.12
S6 44 30 480 16.16
S7 44 30 297 10.05
S8 38 328 788 2.40
S9 25 356 527 1.48
S10 35 1490 410 0.28
S11 20 1440 910 0.63
S12 23 2740 1150 0.12
S13 45 30 481 16.03
S14 42 29 300 10.34
S15 40 322 780 2.42
S16 26 353 520 1.47
S17 37 1480 417 0.28
S18 21 1430 912 0.64
S19 24 2816 1104 0.11
S20 47 30 470 15.77
S21 41 27 279 10.51
S22 30 336 786 2.34
S23 26 367 523 1.43
S24 34 1469 415 0.28
S25 17 1487 900 0.61
S26 20 2773 1094 0.11
S27 43 32 460 14.51
S28 39 28 279 10.13

COP =center of pressure.

Table 3. Min, max, and mean value and SD at the first evaluation.

Weight (Kg) The Surface of the
Confidence Ellipse A (mm2)

The Length of the Curve (Lc)
Described by COP (mm) Coefficient Lc/A

Minimum 17 26.55 279 0.11
Maximum 47 2935 1150 16.16

Mean 32.18 927.32 644.44 4.39
Standard
deviation 9.50 977.42 283.43 5.75

A final evaluation (EV2) was conducted after 6 months, and the raw data are presented
in Table 4. The descriptive statistics of the evaluation results are presented in Table 5.
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Table 4. Data collected from subjects at the final assessment (EV2).

Subjects Weight (Kg) The Surface of the
Confidence Ellipse A (mm2)

The Length of the Curve (Lc)
Described by COP (mm) Coefficient Lc/A

S1 38 18 398 22.16
S2 28 3 268 89.77
S3 38 125 385 3.06
S4 21 37 274 7.33
S5 24 246 620 2.52
S6 43 18 351 19.25
S7 46 21 344 16.18
S8 33 20 391 19.58
S9 30 5 277 56.65
S10 40 127 384 3.01
S11 23 38 269 7.15
S12 28 240 617 2.57
S13 46 19 341 17.67
S14 42 19 334 17.34
S15 32 18 388 21.60
S16 25 4 277 75.22
S17 35 135 389 2.87
S18 26 35 249 7.04
S19 27 236 618 2.62
S20 43 18 349 19.25
S21 45 27 350 12.83
S22 39 17 388 22.87
S23 29 3 269 99.67
S24 34 129 371 2.88
S25 18 36 280 7.70
S26 22 264 613 2.32
S27 36 19 353 18.38
S28 37 22 349 16.04

Table 5. Min, max, and mean value and SD at the final evaluation.

Weight (Kg) The Surface of the
Confidence Ellipse A (mm2)

The Length of the Curve (L)
Described by COP (mm) Coefficient Lc/A

Minimum 18 2.70 249 2.32
Maximum 46 264 619.50 99.67

Mean 33.14 67.91 374.67 21.27
Standard
deviation 8.22 84.23 110.66 26.32

The Jarque–Bera (JB) test provides us information about the normal distributions of
parameters. We can see that we have a normal distribution for all parameters. For this
reason, the Student’s t test could be applied.

We applied the Student’s t test for equal means. The Student’s t test reveals whether
there is any difference between the parameter values between EV1 and EV2 and whether
these differences are significant. To analyze the effect size of parameter evolution, we used
Cohen’s D coefficient. The results of the Student’s t test and Cohen’s D test (coefficient) are
presented in Table 6.

In Table 6, we can see that the Student’s t tests showed us p values that did not meet
the significance value of 0.05. Thus, the alternative hypothesis is accepted, meaning that the
values of the surface of the confidence ellipse, the length of the curve described by the COP,
and the coefficient Lc/A shows a significant improvement at EV2 compared with EV1.
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Table 6. Student t test and Cohen’s D coefficient values for parameters collected at EV1 and EV2.

The Surface of the
Confidence Ellipse

The Length of the Curve
Described by the COP Coefficient Lc/A

p values (results of Student’s t test) 0.004 0.000 0.0016
Cohen’s D test 0.8 1.25 −0.9

Significance level p = 0.05.

For correlations between parameters at EV1 and EV2, we used Pearson’s correlation
and Spearman’s correlation and the results are presented in Tables 7 and 8.

Table 7. The coefficients of Pearson correlation for the values of parameters collected at EV1 and EV2.

Variables EV2
Weight

EV2
The Surface of the
Confidence Ellipse

EV2
The Length of the Curve

Described by the COP

EV2
Coefficient Lc/A

EV1 Weight 0.918 −0.374 −0.128 −0.079

EV1
The surface of the
confidence ellipse

−0.620 0.911 0.693 −0.456

EV1
The length of the curve
described by the COP

−0.721 0.548 0.549 −0.258

Significance level p = 0.05. EV1 = evaluation moment 1; EV2 = evaluation moment 2.

Table 8. The coefficients of Spearman correlation for the values of parameters collected at EV1
and EV2.

Variables EV2
Weight

EV2
The Surface of the
Confidence Ellipse

EV2
The Length of the Curve

Described by the COP

EV2
Coefficient Lc/A

EV1 Weight 0.903 −0.374 0.094 0.352

EV1
The surface of the
confidence ellipse

−0.673 0.637 0.321 −0.616

EV1
The length of the curve
described by the COP

−0.746 0.246 0.199 −0.215

Significance level p = 0.05.

Our results show the following:
The p values are less than the significance value and this means that the values for all

28 participants show significant differences between EV1 and EV2.
The average values of the surface of the confidence ellipse shows a decrease of 92%, from

an average value of 927.32 mm2 to 67.91 mm2, and a decrease of 42% can be seen in terms of
the length of the curve described by the COP (decreased from 644.44 mm2 to 374.67 mm2).
The standard deviation decreased between EV1 and EV2, and this means that the values
are more grouped around the mean value. We also observed a good correlation between
the evolution of the surface of the confidence ellipse at EV1 and EV2 (coef Person = 0.911;
coef Spearman = 0.637), but low correlations between the other parameters.

4. Discussion

The results of our research respond to the challenge regarding the improvement of bal-
ance and stability in people who suffer from ASD using multisensory stimulation. Positive
effects were observed under the influence of exercises that required complex coordination
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and balance rehabilitation regarding improvements in postural control. According to [37]
and Moseley and Pulvermüller [38], structural changes in ASD patients’ brains may lead
to a number of subtle deficits in motor control, including postural instability, which may
eventually interfere with social and cognitive development by reducing opportunities to
explore and interact with people and the environment. Brain plasticity is the main property
that is involved [38,39]. Imbalance rehabilitation may focus therapeutically on early signs of
central nervous system (CNS) anomalies as they appear in motor dysfunction, consequently
attenuating social and cognitive deficits. For this reason, our proposal program influences
the body scheme representation and involves restoring and improving brain activity in the
field of motor control.

Morris and collaborators, in their 2015 study [18], speak about multi-sensorial integra-
tion, which is poor in children with ASD. Additionally, it has been observed that postural
control in children with ASD is more affected by DT emotions and interaction than in
typical development children [30,32]. Despite this, researchers report a higher CoP speed
and a higher CoP surface during social image observations (meaning observing faces) than
in images that contain neutral objects in children with ASD compared to a control group.
Another study reported similar results by comparing balance performance in 30 children
with ASD (12.1 ± 2.9 years old diagnosed by ADI-R, ADOS and DSM-5 criteria) with
healthy children with average IQs when they were shown different emotional images of
the face [30]. Impaired postural stability in children with ASD is well established in the
literature [40], and the use of force plates by other authors demonstrate that it is also impor-
tant to analyze the CoP. Children with ASD present greater CoP sway displacements [41],
sway areas [42], standard deviations of COP coordinates [42], sway velocities [43], and
root mean square of COP coordinates [44]. Li Y [45] investigated age’s effect on postural
stability in children with ASD in terms of comparing the amplitude and complexity of
CoP sway during quiet standing in children with ASD among three different age groups:
6–8 years (under 8: U8), 9–11 years (U11), and 12–14 years (U14). The author found that
the U14 group exhibited improved mediolateral postural stability compared to the U8
group, whereas no differences were found between the U8 and U11 or between the U11
and U14 groups. This study demonstrates that children with ASD have the possibility
to develop postural stability slowly, but they observed significant changes over a long
period of time. This is in accordance with our observations about the importance of in-
troducing multisensorial training early to develop postural stability and increase balance
and coordination.

We recommended early intervention programs specifically focused on improving
the complexity of postural control as potentially beneficial for children with ASD. Future
research is warranted to investigate postural control complexity in young autistic children
and to evaluate the efficacy of early interventions at enhancing postural stability.

Many authors suggest that, due to increased cognitive challenges, children with ASD
that present postural control problems are less capable of integrating emotional social cues
while they are standing than unaffected children. The conclusions of this study demonstrate
the importance of administering balance training combined with different sensorial stimuli
to children with ASD.

Additionally, the training program significantly improved inferior limb strength, in
contrast to superior limb strength, which presented no obvious improvements. This result
may be explained by the training program that was used. In all training sessions, the
exercises and the proposed content involved different types of static and dynamic balance,
which made greater demands of inferior limbs. We should note that the upper limbs were
used to maintain balance and the correct body posture, and this is in accordance with
Laurenco’s results [46].

Our results are also in accordance with those presented by Cheldavi et al. [32], which
found that balance training (45 min/session; 3 sessions per week) improved postural
control, which was assessed using a Bertec force plate. In terms of the training itself,
our program is in accordance with the results of Najafabadi et al. [47], which proposes
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Sports, Play, and Active Recreation for Kids (SPARK). Their proposal involves 36 sessions
(3 sessions per week; 40 min per session), and the results are improved balance (static and
dynamic), bilateral coordination, and social interaction.

In terms of innovation and significance, we consider research about postural sway to
be complex in children with ASD, which necessitates the monitoring of the evolution of
balance and postural control because the development of postural control is a dynamic
process through which children learn to control multiple degrees of freedom of body
segments to maintain balance. It is an innovation because we try to present an analysis of
postural control in response to a specific training because, in recent years, many studies
have investigated CoP complexity during quiet standing tasks in different populations,
but not in children with ASD. Additionally, postural sway complexity can reflect the
adaptive capacity of the postural control system, which is the result after this specific
training regimen.

The limitations of this study include having a small number of children involved
in the research, sometimes inconsistent participation in the training program, and poor
communication with the physiotherapist. Because we had a small sample size, we had no
control group, partly because only a small number of children and their parents consented
to participate in the study, and also due to their inconsistent participation.

5. Conclusions

Future research is needed to test specific types of physical training in children with
ASD due to the complexity of their responses.

Specific motor intervention that comprises different types of physical exercises and
materials and that uses ludic exercises may potentially be a more effective strategy.

To improve patients’ balance, postural control, and motor skills, we need a program
whose aim is to work on fundamental motor skills based on multisensorial stimulation.

Specific types of physical exercise in this population improve their physical condi-
tion, cognitive and sensorial capacities, motor performance, and motor coordination (gait,
balance, arm functions, and movement planning).

Physical exercise based on multisensory stimulation is a useful tool for the de-
velopment of children with ASD and is becoming increasingly used, but we need to
conduct evidence-based scientific research that supports this practice, giving it greater
scientific robustness.

The motor intervention programs we propose for children with ASD provide benefits
in many different domains.
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Abstract: The increase in sedentary behavior in children and adolescents has become a worldwide
public health problem. This study aimed to explore the associations between sedentary time (ST) and
sedentary patterns (SP) and the cardiorespiratory fitness (CRF) of Chinese children and adolescents.
The CRF of 535 participants was determined using a 20-m shuttle run test. ST and SP were measured
with accelerometers. Questionnaires were used to investigate the different types of ST. Multiple
linear regression models were used to test the associations between ST and SP and CRF. In this study,
only some ST and SP indicators were found to be significantly associated with CRF in girls. With
each additional 10 min of screen time or passive traffic time, VO2max decreases by 0.06 mL/kg/min
(B = −0.006, 95% CI: −0.010~−0.001) and 0.31 mL/kg/min (B = −0.031, 95% CI: −0.061~−0.002),
respectively, with MVPA control. With each additional 10 min of breaks in ST or duration of breaks
in ST, VO2max increases by 0.41 mL/kg/min (B = 0.041, 95% CI: 0.007~0.076) and 0.21 mL/kg/min
(B = 0.021, 95% CI: 0.007~0.035), respectively, with control total ST. Breaks in ST (B = 0.075, 95%
CI: 0.027~0.123) and the duration of breaks in ST (B = 0.021, 95% CI: 0.012~0.146) were positively
correlated with CRF when controlling for LPA, but these associations were not significant when
controlling for MVPA (B = 0.003, 95% CI: −0.042~0.048; B = 0.001, 95% CI: −0.024~0.025). The total
ST of children and adolescents was found to not be correlated with CRF, but when ST was divided
into different types, the screen time and passive traffic time of girls were negatively correlated with
CRF. More breaks in ST and the duration of breaks in ST were positively associated with higher CRF
in girls. MVPA performed during breaks in ST may be the key factor affecting CRF. Schools and
public health departments should take all feasible means to actively intervene with CRF in children
and adolescents.

Keywords: sedentary time; sedentary pattern; physical activity; cardiorespiratory fitness

1. Introduction

Cardiorespiratory fitness (CRF) reflects the ability of the human body to absorb,
transport, and utilize oxygen, which is the core element of physical health [1]. Many
studies have confirmed that low CRF is highly associated with cardiovascular disease and
all-cause mortality [2]. In recent decades, the levels of CRF of children and adolescents
in the world have shown a continuous downward trend [3]. Therefore, urgent effective
measures to improve CRF should be taken. Increasing physical activity, especially moderate-
to-vigorous physical activity (MVPA), is an effective way to improve CRF in children
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and adolescents [4,5]. However, MVPA only accounts for a minor part of the waking
time of children and adolescents every day; most of the day includes sedentary time
(ST) [6]. Exploring the association between ST and CRF may lead to new breakthroughs for
improving CRF in children and adolescents.

Sedentary behavior is any waking behavior characterized by an energy expenditure
≤1.5 METs while in a sitting or reclining position [7]. ST can be divided into screen time
and non-screen time based on whether it is related to electronic screens [8]. For children
and adolescents, screen time mainly includes watching TV/movies, using computers to
play games, using mobile phones/tablets, etc. Non-screen time mainly includes attend-
ing class, writing extracurricular assignments, reading extracurricular books, attending
extracurricular tutoring, passive traffic time, social sedentary time, etc. [8]. A previous
study suggested that excessive ST may be an important risk factor for low CRF in children
and adolescents [9]. However, the relationships between different types of ST and CRF
in children and adolescents vary [7]. In order to reduce the health hazards caused by ST,
an effective solution is to reduce the specific types of ST that cause health risks as much
as possible [10]. However, most existing studies focus on total ST or a certain type of ST,
which does not offer insights into whether a specific type of ST or total ST affects CRF.
In addition, the relationship between the component characteristics of ST and CRF also
deserves further consideration. The total ST measured by an accelerometer includes all
components of ST (prolonged ST or non-prolonged ST). The relationship between different
components of ST and CRF may not be consistent [11]. Therefore, further study is needed
to comprehensively consider the impact of ST on CRF in children and adolescents from
two aspects, type and component.

Along with ST, sedentary patterns (SP) may also be relevant for CRF [12]. SP reflects
the manner of ST accumulation, which can be expressed by sedentary bouts, breaks in
ST, and the duration of breaks in ST. The existing research results on the relationship
between SP and CRF are not consistent. For example, Júdice et al. found that breaks in ST
and non-prolonged sedentary bouts were positively associated with CRF [11]. However,
Bailey et al. [13] and Denton et al. [14] did not find that breaks in ST were significantly
associated with CRF. Furthermore, existing studies do not suggest which duration of breaks
in ST is most beneficial for CRF.

In summary, this study selected representative nationwide samples from China,
adopted a combination of subjective and objective methods to comprehensively analyze the
associations between ST and SP and CRF in children and adolescents, and further identified
the duration of breaks in ST that are beneficial to CRF, providing a reference for schools
and public health departments to develop targeted interventions.

2. Materials and Methods
2.1. Participants

From March to July 2019, the research team recruited 840 children and adolescents
aged 7–18 for the study. The children and adolescents came from seven Chinese cities:
Shanghai, Taiyuan, Guangzhou, Changsha, Urumqi, Chengdu and Kunming. The research
team randomly selected one elementary school, one middle school, and one high school
in each city as study sites. Five boys and five girls were randomly selected from each age
group. All students can complete a CRF test. 120 students were excluded for failing to wear
accelerometers, and 185 were excluded for not completing the 20-m shuttle run test (SRT).
A total of 535 students were finally included in this study.

2.2. CRF

The research team tested 20-m SRT in all participants. After warming up, participants
stood on one of two horizontal lines placed 20 m apart. The participants, running back and
forth between the lines, were required to increase their speed according to the music. The
initial speed was 8.0 km/h, the second level was 9.0 km/h, and then the running speed
was increased by 0.5 km/h for each level. When the participants could not maintain the
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speed set by the music, or could not follow the music’s rhythm to reach the end line two
consecutive times, the test was terminated. The total number was recorded as the final
score [15]. Matsuzaka et al.’s [16] formula was used to estimate the maximum oxygen
uptake: VO2max = 61.1− 2.20× gender− 0.462× age− 0.862× BMI + 0.192× laps, where
gender is expressed as 0 for boys and 1 for girls. VO2max is usually used to reflect CRF,
and 20-m SRT is highly correlated with VO2max [17]. Therefore, we can use 20-m SRT to
evaluate CRF in children and adolescents.

2.3. Sedentary Behavior

In this study, a subjective and objective approach was used to measure sedentary be-
havior (SB). Total ST, prolonged ST or non-prolonged ST, and SP were objectively measured
using a GT3X+ (ActiGraph, Pensacola, FL, USA) accelerometer. During the measurement,
the subjects were told to wear the accelerometer on the right hip for seven consecutive
days—including five school days and two weekend days—and that it could not be re-
moved except for bathing, swimming, and sleeping. The epoch duration was set at 5 s. The
accelerometer began to record data from the early morning of the second day, and was
retrieved by the researcher on the eighth day. The original data were downloaded through
ActiLife version 6.10.2 software (ActiGraph, Pensacola, FL, USA). After the original data
were downloaded, their validity was first screened: valid data needed to include at least
three valid school days and one valid weekend day. A valid school day or weekend day
meant at least 10 h of the device being effectively worn on the test day [18]. The cut-points
of Evenson et al. [19] were adopted to classify SB (0–100 counts/min), light physical activity
(LPA) (101–2295 counts/min), moderate physical activity (MPA) (2296–4011 counts/min),
and vigorous physical activity (VPA) (4012 counts/min or more). These cut-points have
high validity and reliability in the evaluation of the PA of children and adolescents [20].
The total ST was divided into prolonged ST (at least 20 min uninterrupted ST) and non-
prolonged ST (less than 20 min ST). An experimental study has shown that children and
adolescents who often sit for more than 20 min are at risk of metabolic diseases [21]. Based
on this, 20 min was chosen as the cut-off point for distinguishing between prolonged ST
and non-prolonged ST. The SP were expressed by prolonged sedentary bouts (the number
of instances of at least 20 min uninterrupted ST), non-prolonged sedentary bouts (the
number of instances of less than 20 min uninterrupted ST), breaks in ST (the number
of interruptions in ST in which the accelerometer count raised above 100 counts/min,
and which stayed for at least 1 min), and the duration of breaks in ST (the total time of
breaks in ST). A questionnaire was used to measure the duration of the different types of
ST. The questionnaire for children aged 7–9 was filled out with the help of their parents.
Participants reported how much time they spent doing the following activities: watching
TV/movies, using computers to play games, using mobile phones/tablets (screen time)
from Monday to Friday and on Saturday and Sunday; writing extracurricular assignments,
reading extracurricular books, attending extracurricular tutoring (these three behaviors
are defined as learning behaviors that occur outside of class, and are collectively referred
to as extracurricular learning time); sitting and chatting (social ST); and commuting to
school (passive traffic ST). The time measured in the above questionnaire was the weighted
average on school days (5/7) and the weekend (2/7). The test–retest reliability of each item
in the questionnaire was between 0.79–0.91, which is acceptable.

2.4. Covariate

Urban or rural residence, socioeconomic status (SES), sleep time, and BMI were
potential confounders. Questionnaires were conducted to collect information on urban
or rural residence, SES, and sleep time. Parental education, parental occupation, and
household income were used to assess the SES [22]. The sleep time duration, from the time
of going to bed at night to getting up in the morning, was filled out by the individual. Body
height was determined using a mechanical height gauge, and body weight was measured
using an electronic scale. The values were accurate to 1 decimal place.
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2.5. Statistics Analysis

The normality of all variables was tested using a histogram and Q–Q plot. An indepen-
dent sample t-test (for normalvariables) and Mann–Whitney U test (for skewedvariables)
were used to compare the gender differences of each variable. A chi-squared test was used
to compare the gender differences of residence. Spearman’s correlation was used to test the
correlations between various variables. Multiple linear regression models were used to test
the associations between different types of ST and SP and CRF in children and adolescents.
In the analysis of the relationship between CRF and ST, CRF was included in the model
as the dependent variable, and ST indexes as the independent variable. Model 1 adjusted
for the age, urban and rural areas, SES, sleep time, and BMI; Model 2 further adjusted for
the MVPA based on Model 1. In the analysis of the relationship between CRF and SP, CRF
was included in the model as the dependent variable, and SP indexes as the independent
variable. Model 1 adjusted for the age, urban and rural areas, SES, sleep time, and BMI;
Model 2 further adjusted for the total ST based on Model 1. In the analysis of the intensity
attributes of the duration of breaks in ST, CRF was included in the model as the dependent
variable, and breaks in ST or the duration of breaks in ST as the independent variable.
Model 1 adjusted for the age, urban and rural areas, SES, sleep time, BMI, total ST, and
LPA; Model 2 adjusted for the age, urban and rural areas, SES, sleep time, BMI, total ST,
and MVPA. Statistical significance was set at 0.05, and all analyses were conducted using
IBM SPSS version 25.0 for Windows (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Descriptive Characteristics of the Sample

Table 1 presents the descriptive characteristics of the sample, including demographic,
CRF, and MVPA data. A total of 535 participants (47.8% boys, 52.2% girls) were included in
this study. The table shows that the BMI, sleep time, VO2max, and MVPA values of boys
were higher than those of girls, and the difference was statistically significant (p < 0.05).

Table 1. Descriptive characteristics of the sample.

Parameters Boys (n = 255) Girls (n = 280) p Cohen’s d

Age (y) a 12.4 ± 3.4 12.7 ± 3.3 0.20 0.09
Residence (%) b

Urban 61.2 65.4
0.32 0.04

Rural 38.8 34.6
Height (cm) a 153.2 ± 19.7 150.6 ± 15.2 0.08 0.15
Weight (kg) a 45.3 ± 17 41.7 ± 12.3 <0.001 0.24

BMI (kg/m2) a 18.6 ± 3.2 18.0 ± 2.9 0.02 0.20
SES a 0.05 ± 1.1 −0.03 ± 0.9 0.42 0.08

Sleep time (h/d) a 8.4 ± 1.3 8.0 ± 1.6 <0.001 0.28
VO2max (mL/kg/min) a 46.5 ± 4.1 42.9 ± 3.6 <0.001 0.93

MVPA (min/d) a 62.0 ± 19.3 49.5 ± 15.5 <0.001 0.71

Note: Values are presented as mean ± SD and percent; a independent sample t-test; b chi-squared test. BMI, body
mass index; SES, socioeconomic status; MVPA, moderate-to-vigorous physical activity.

Figure 1 presents that the proportion of prolonged ST (42.1%) of boys was lower than
that of girls (45.8%), the proportions of MVPA (7.0%) and LPA (19.2%) were higher than
those of girls (5.5% and 17.1%), and the proportion of non-prolonged ST (31.7%) was close
to that of girls (31.6%).

3.2. Descriptive Characteristics of ST and SP

Table 2 presents the descriptive characteristics of the different types of ST and SP. In
the comparison of ST, the total ST (655.1 min/d) and prolonged ST (373.7 min/d) of boys
were higher than those of girls (699.5 min/d and 414.0 min/d), and the difference was
statistically significant (p < 0.001). There were no significant gender differences for other
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types of ST. In the comparison of SP, non-prolonged sedentary bouts (30.0 number/d) and
breaks in ST (41.2 number/d) for boys were higher than those for girls (22.8 number/d and
33.7 number/d), and the difference was statistically significant (p < 0.001). There was no
significant sex difference in the number of prolonged sedentary bouts.
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Table 2. Descriptive characteristics of ST and SP.

Parameters Boys (n = 255) Girls (n = 280) p Cohen’s d

Total ST (min/d) a 655.1 ± 119.9 699.5 ± 106.7 <0.001 0.30
Prolonged ST (min/d) a 373.7 ± 157.4 414.0 ± 145.4 <0.001 0.27

Non-prolonged ST (min/d) a 281.5 ± 92.3 285.5 ± 94.3 0.62 0.04
Screen time (min/d) b 31.4 (4.29, 88.9) 30.0 (2.86, 95.7) 0.81 0.02

Extracurricular learning time
(min/d) a 350.7 (259.3, 490.7) 345.7 (250.7, 500.0) 0.99 <0.01

Passive traffic ST (min/d) a 10.7 (5.7, 22.9) 12.1 (7.1, 17.4) 0.97 <0.01
Social ST (min/d) a 22.9 (12.9, 51.3) 22.9 (15.2, 42.9) 0.64 0.05

Prolonged sedentary bouts
(number/d) a 10.1 ± 3.2 9.9 ± 3.0 0.43 0.06

Non-prolonged sedentary bouts
(number/d) a 30.0 ± 14.2 22.8 ± 12 <0.001 0.55

Breaks in ST (number/d) a 41.2 ± 13.8 33.7 ± 11.5 <0.001 0.59
Duration of breaks in ST (min/d) a 98.1 ± 31.1 78.3 ± 24.0 <0.001 0.71

Note: Values are presented as mean ± SD and median (25th, 75th percentiles). a independent sample t-test;
b Mann–Whitney U test. ST, sedentary time.

3.3. Correlation Analysis of SB Variables and CRF

Table 3 shows that the VO2max values were positively associated with non-prolonged
sedentary bouts (r = 0.17, p < 0.01), breaks in ST (r = 0.19, p < 0.01), and the duration of
breaks in ST (r = 0.19, p < 0.01).

3.4. Associations between ST and CRF in Children and Adolescents

Table 4 shows that there were negative associations between screen time (B = −0.005,
95% CI: −0.010~−0.001, adjusted R2 = 0.59) and passive traffic ST (B = −0.030, 95% CI:
−0.061~−0.001, adjusted R2 = 0.62) and CRF in girls, and the associations were still sig-
nificant after further controlling for MVPA (B = −0.006, 95% CI: −0.010~−0.001, adjusted
R2 = 0.61; B = −0.031, 95% CI: −0.061~−0.002, adjusted R2 = 0.64). This means that
for each additional 10 min of screen time or passive traffic time, VO2max decreases by
0.06 mL/kg/min and 0.31 mL/kg/min, respectively, with MVPA control. There was no
statistically significant association between ST and CRF in boys.
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Table 3. Correlation analysis of each variable.

Parameters 1 2 3 4 5 6 7 8 9 10 11 12

1. VO2max -
2. Total ST −0.09 -
3. Prolonged ST 0.05 0.07 -
4. Non-prolonged ST −0.06 −0.05 −0.83 ** -
5. Screen time −0.04 −0.06 −0.05 0.07 -
6. Extracurricular
learning ST −0.06 0.19 ** −0.03 −0.01 −0.05 -

7. Passive traffic ST −0.13 −0.07 −0.14 * 0.11 0.07 0.03 -
8. Social ST −0.001 −0.08 0.03 −0.04 0.24 ** −0.01 −0.04 -
9. Prolonged
sedentary bouts 0.03 0.06 0.91 ** −0.73 ** −0.05 −0.04 −0.16 * 0.06 -

10. Non-prolonged
sedentary bouts 0.17 ** −0.62 ** −0.24 ** 0.16 ** −0.02 −0.14

** −0.05 −0.01 −0.25
** -

11. Breaks in ST 0.19 ** −0.62 ** −0.03 −0.01 −0.04 −0.15
** −0.10 0.001 −0.02 0.97 ** -

12. Duration of breaks
in ST 0.19 ** −0.51 ** −0.05 0.02 0.07 −0.17

** −0.09 0.05 −0.05 0.84 ** 0.86 ** -

Note: ST, sedentary time. * p < 0.05, ** p < 0.01.

Table 4. Associations between ST and CRF in children and adolescents.

Independent Variables
Boys Girls

Model 1 Model 2 Model 1 Model 2

Total ST −0.001 (−0.005, 0.004) 0.001 (−0.004, 0.005) 0.003 (−0.001, 0.007) 0.005 (−0.001, 0.009)
Prolonged ST −0.001 (−0.003, 0.002) −0.001 (−0.002, 0.002) 0.001 (−0.001, 0.003) 0.001 (−0.001, 0.003)

Non-prolonged ST −0.001 (−0.005, 0.004) −0.001 (−0.005, 0.004) −0.001 (−0.004, 0.002) −0.001 (−0.004, 0.002)
Screen time −0.002 (−0.007, 0.003) −0.002 (−0.008, 0.003) −0.005 (−0.010, −0.001) * −0.006 (−0.010, −0.001) **

Extracurricular learning ST 0.001 (−0.002, 0.003) 0.001 (−0.001, 0.003) −0.001 (−0.003, 0.001) −0.001 (−0.002, 0.001)
Passive traffic ST 0.001 (−0.033, 0.035) 0.001 (−0.033, 0.035) −0.030 (−0.061, −0.001) * −0.031 (−0.061, −0.002) *

Social ST 0.004 (−0.006, 0.015) 0.004 (−0.007, 0.015) 0.003 (−0.004, 0.010) 0.003 (−0.003, 0.010)

Note: The values are presented as B (95% CI). Model 1 adjusted for age, urban and rural areas, SES, sleep time,
and BMI; Model 2 adjusted for Model 1 + MVPA. CRF, cardiorespiratory fitness; BMI, body mass index; SES,
socioeconomic status; ST, sedentary time. * p < 0.05, ** p < 0.01.

3.5. Associations between SP and CRF in Children and Adolescents

Table 5 shows that there were no statistically significant association between breaks in
ST (B = 0.031, 95% CI: −0.003~0.064) and CRF in girls, but these were positively correlated
after controlling for total ST (B = 0.041, 95% CI: 0.007~0.076, adjusted R2 = 0.59). Further,
the duration of sedentary breaks (B = 0.015, 95% CI:0.001~0.028, adjusted R2 = 0.59) was
positively associated with CRF, and the association was still significant after further con-
trolling for the total ST (B = 0.021, 95% CI:0.007~0.035, adjusted R2 = 0.60). This means that
for each additional 10 min of breaks in ST or the duration of breaks in ST, VO2max increases
by 0.41 mL/kg/min and 0.21 mL/kg/min, respectively, with control total ST. There was no
statistically significant association between SP and CRF in boys.

Table 5. Associations between sedentary patterns and CRF in children and adolescents.

Independent
Variables

Boys Girls

Model 1 Model 2 Model 1 Model 2

Prolonged sedentary bouts 0.001 (−0.129, 0.129) 0.001 (−0.128, 0.130) 0.066 (−0.035, 0.167) 0.056 (−0.046, 0.158)
Non-prolonged sedentary bouts 0.025 (−0.012, 0.061) 0.025 (−0.014, 0.064) 0.020 (−0.011, 0.051) 0.030 (−0.002, 0.063)

Breaks in ST 0.027 (−0.011, 0.064) 0.028 (−0.013, 0.068) 0.031 (−0.003, 0.064) 0.041 (0.007, 0.076) *
Duration of breaks in ST 0.010 (−0.004, 0.025) 0.011 (−0.004, 0.027) 0.015 (0.001, 0.028) * 0.021 (0.007, 0.035) **

Note: The values in the table are B (95% CI). Model 1 adjusted for age, urban and rural areas, SES, sleep time,
and BMI; Model 2 adjusted for Model 1 + total ST. CRF, cardiorespiratory fitness; BMI, body mass index; SES,
socioeconomic status; ST, sedentary time. * p < 0.05. ** p < 0.01.

3.6. Exploration of the Intensity Attribute of the Duration of Breaks in ST in Girls

Table 6 shows that breaks in ST (B = 0.075, 95% CI: 0.027~0.123) and the duration of
breaks in ST (B = 0.021, 95% CI:0.012~0.146) were positively correlated with CRF when
controlling for LPA in girls, but these associations were not significant when controlling for
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MVPA (B = 0.003, 95% CI: −0.042~0.048; B = 0.001, 95% CI: −0.024~0.025). This means that
MVPA in the duration of breaks in ST is a key component affecting CRF.

Table 6. Exploration of the intensity attribute of the duration of breaks in ST in girls.

Independent Variables Model 1 Model 2

Breaks in ST 0.075 (0.027, 0.123) ** 0.003 (−0.042, 0.048)
Duration of breaks in ST 0.021 (0.012, 0.046) ** 0.001 (−0.024, 0.025)

Note: The values in the table are B (95% CI). Model 1 adjusted for age, urban and rural areas, SES, sleep time,
BMI, total sedentary time, and LPA; Model 2 adjusted for age, urban and rural areas, SES, sleep time, BMI, total
sedentary time, and MVPA. CRF, cardiorespiratory fitness; BMI, body mass index; SES, socioeconomic status; ST,
sedentary time. ** p < 0.01.

4. Discussion

The purpose of this study was to explore the associations between different types
of ST and SP and CRF in children and adolescents. The study found that there was no
significant correlation between total ST and CRF in children and adolescents, but when
ST was divided into different types, the screen time and passive traffic ST of girls were
negatively correlated with CRF and independent of MVPA. Breaks in ST and the duration
of breaks in ST were positively correlated with CRF in girls. MVPA performed during
breaks in ST may be the key factor affecting CRF.

Most studies have confirmed that MVPA is positively correlated with CRF in chil-
dren and adolescents [4,5]. However, in view of the extremely low proportion of MVPA
performed in a day, exploring the relationship between ST and CRF may provide new
breakthroughs for improving CRF in children and adolescents. For example, Santos et al.
found that the effect of ST on CRF was independent of physical activity, and even an
additional increase in MVPA could not offset the adverse effect of prolonged ST on CRF
over a long period of time. Reducing ST is an important means to improve CRF in children
and adolescents [23]. Other studies have also found a negative correlation between ST and
CRF, but the difference in their findings was that increasing MVPA was found to be able to
weaken [9,24] or offset [25] the adverse effect of ST on CRF. However, some studies did not
find a significant correlation between ST and CRF in children and adolescents [14,26,27]; the
results of the present study also support this conclusion. In addition, after further dividing
the total ST into prolonged ST and non-prolonged ST, this study found that distinguishing
between the components of ST (prolonged ST and non-prolonged ST) had no effect on the
significance of the association. The inconsistency of research conclusions described here
may be related to the inconsistency of the cut-points of sedentary behavior in different
studies, resulting in the incomparability of ST [14]. Therefore, in follow-up studies, when
investigating the relationship between ST and CRF in children and adolescents, the cut-off
point of sedentary behavior should include the widely used and reliable boundary value,
so as to facilitate the horizontal comparison of different studies. It is important to note that
although this study and previous studies did not find a significant association between the
duration of sedentary breaks and CRF in children and adolescents, there is evidence that
higher levels of ST are negatively associated with health outcomes in adults [28]. Therefore,
we cannot ignore the possible long-term adverse effects of ST.

Due to the popularity of portable devices with electronic screens, the screen time of
children and adolescents has shown a rapid upward trend in recent decades [10]. Most
studies support the theory that screen time is negatively correlated with CRF, and several
studies have indicated that more than 2 h of screen time per day is related to a decline in CRF.
Consistent with previous studies, this study found that although the association between
total ST and CRF was not significant, when ST was divided into different types, the screen
time of females was negatively correlated with CRF and independent of MVPA. It should
be noted that the screen time investigated in this study was only recreational ST. In recent
years, children and adolescents’ learning ST has been increasing due to the widespread
use of multimedia technology in daily teaching and the online teaching methods adopted
during the COVID-19 pandemic [10]. The sedentary guidelines of existing countries clearly

209



Children 2022, 9, 1140

propose that online teaching time should be limited to avoid possible health threats caused
by excessive screen time [8]. However, the current evidence on the relationship between
learning ST and CRF in children and adolescents is still unclear. Future research should
further distinguish the nature of ST, and accurately identify risk factors for CRF.

Previous studies have focused on the relationship between active transportation to
school and CRF, and most studies support the theory that active transportation, especially
cycling to school, is positively correlated with CRF in children and adolescents [29]. Other
studies have confirmed that the CRF of children and adolescents who travel to school by
passive transportation is lower than that of individuals who travel to school by active
transportation [30]. The findings of this study further improve the chain of evidence
that suggests that passive traffic-sitting in girls is negatively correlated with CRF and
independent of MVPA. Based on the above evidence chain, we can speculate that children
and adolescents who travel to school by active transportation have higher CRF, whereas
those who travel to school by passive transportation have lower CRF. The reason for this
may be that active transportation to school increases physical activity, which is positively
correlated with CRF, whereas passive transportation increases ST, which is negatively
correlated with CRF.

This study did not find a significant association between extracurricular learning ST
and CRF. Although there is no clear evidence that too much extracurricular learning ST has
a detrimental effect on CRF, given the negative impact of too much extracurricular learning
ST on other movement behaviors [10] and the positive correlation between movement
behavior and CRF [31], we still cannot ignore the potential long-term adverse effects of a
heavy schoolwork load on CRF in children and adolescents. Moreover, this study found
that the extracurricular learning ST of Chinese children and adolescents (about 360 min/d)
is much higher than the recommended amount of international school-based sedentary
behavior recommendations (10~60 min/d) [8]. Reducing the schoolwork load of Chinese
children and adolescents should be targeted.

This study found that breaks in ST and the duration of breaks in ST were positively
associated with CRF in girls. Combined with the high correlation between breaks in
ST and the duration of breaks in ST (r = 0.86), we can speculate that more breaks in ST
can lead to longer durations of breaks in ST, which may be a key factor in improving
CRF in children and adolescents. This result also confirms previous research findings.
Judice et al.’s study showed that the benefit of sedentary bout interruptions did not come
from the interruptions themselves, but from the physical activity performed during the
sedentary bout interruptions [11]. The results of this study suggest that breaks in ST
can have a beneficial effect on CRF. Breaks in ST are essentially a change from sedentary
behavior to physical activity. Intensity is an important aspect to consider. This study found
that breaks in ST and the duration of breaks in ST were positively associated with CRF after
further controlling for LPA. However, the association was not significant after controlling
for MVPA. We can speculate that in this study, MVPA was the determinant factor affecting
CRF in the accumulated duration of breaks in the ST of girls. The results of this study
suggest that although directly increasing MVPA is an important means to promote CRF,
considering the generally low MVPA levels of children and adolescents [32], increasing
MVPA by increasing breaks in ST and the duration of breaks in ST may also be a feasible
method to improve CRF. The latest release of the International School-based Sedentary
Behavior Recommendations also suggests that prolonged ST should be interrupted as much
as possible to reduce the harm of sedentary behavior to children and adolescents [8].

We further evaluated the effects of screen time, passive traffic time, breaks in ST, and
the duration of breaks in ST on the goodness-of-fit of the models using a hierarchical
regression method. The results showed that the adjusted R2 was increased by 0.012,
0.016, 0.009, and 0.014, respectively (Supplementary Materials). Although the above
significant variables had little influence on the goodness-of-fit of the model, we still need
to pay attention to them as an important means of CRF intervention in children and
adolescents. Previous studies pointed out that although MVPA or ST showed low-to-
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medium correlations with CRF in children and adolescents, it did not mean that they were
not important [5,7]. Therefore, schools and public health departments should take all
feasible means to actively intervene with CRF in children and adolescents.

5. Strengths and Limitations

A major strength of this study was that it selected a representative sample from
six administrative regions in China. Furthermore, this study adopted a combination of
objective and subjective measures to evaluate sedentary behavior, which is conducive to a
more comprehensive understanding of the relationship between the ST and SP and CRF in
children and adolescents. There are still several limitations which should be considered.
First, as this was a cross-sectional study, it was impossible to determine the continuous
impact of ST and SP on CRF. Second, the ST objectively measured using an accelerometer
in this study may have been overestimated, as lower-intensity behaviors, such as standing
or lying down, may have been identified as sedentary behavior.

6. Conclusions

There was no significant correlation between total ST and CRF in children and ado-
lescents, but when ST was divided into different types, the screen time and passive traffic
ST of girls were negatively correlated with CRF and independent of MVPA. Breaks in ST
and the duration of breaks in ST were positively correlated with CRF in girls. MVPA per-
formed during breaks in ST may be the key factor affecting CRF. Schools and public health
departments should take all feasible means to actively intervene with CRF in children
and adolescents.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/children9081140/s1, Table S1: Association between screen time
and CRF in girls. Table S2: Association between passive traffic ST and CRF in girls. Table S3:
Association between breaks in ST and CRF in girls. Table S4: Association between duration of breaks
in ST and CRF in girls.
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Abstract: The COVID-19 pandemic outbreak had a negative impact on kindergarten activities.
These young children, who had been compelled to stay home during lockdowns, suffered a lack of
movement and loss of mobility, resulting in deteriorated physical motor skills. Lack of sufficient
motor experience in early childhood can impair children’s motor and cognitive development. Balance
skills are fundamental to all other motor abilities, from the most basic movements to the most complex
motor skills. The purpose of this study was to implement a short-term physical activity program,
which may have a direct effect on children’s fundamental balance ability. Ninety-six kindergarten
children (45 boys and 51 girls), aged 4–6 years, participated in the study. Data were analyzed using
three-way ANOVA and interaction analyses. The results suggest that short, focused, and dedicated
balance training programs have a beneficial influence on the static balance of preschoolers and can
mitigate some of the negative physical outcomes of lockdowns. In conclusion, this study indicates
that a short-term physical training program had a positive effect on the motor abilities of preschoolers
after COVID-19-related lockdowns. More research is needed in order to fully understand the complete
impact of the worldwide health crisis and the best ways in which to address it.

Keywords: COVID-19; lockdown; motor learning; motor skills; balance

1. Introduction

The term “balance” refers to a type of motor movement coordination in which the
visual and kinesthetic components of the body muscles work together with the balance
sensors that are located in the middle ear in order to maintain the body’s stability without
unnecessary movements or falling [1]. The ability of body balance depends on internal
systems, such as the vestibular system (equilibrium sensors), the proprioceptive system
(responsible for motion sensors), and the visual system. Balance also depends on certain
external factors, such as the support base, the center of gravity, and the body’s structure
and weight [2].

In the field of movement, the ability of two-legged creatures to stabilize themselves
is especially important and requires being perpendicular from the center of gravity and
its supporting area, i.e., standing on their legs and the area between their legs. Moving
from standing on one leg to standing on the other requires advancement along with a
narrow basis while maintaining stability and activating the balance system as part of the
posture [3]. In addition, basic movements such as running, changing direction, stopping,
and advancing on elevated surfaces require the maintaining of the person’s stability and
necessitate training for developing the balance system [4].

Balance skills serve as the basis of all other motor abilities, from basic movements
to the most complex motor skills [5]. The muscular-nervous system even constitutes a
connection point for certain cognitive processes, such as attention, concentration, and
mental imagery [6]. A correlation was found between body balance and mental states, such
as the sense of self-efficacy, depression, and anxiety [7].
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The ability to maintain balance is subject to change during a person’s lifespan, such as
changes in body structure, experience in the given activity, and complex challenges [8].

1.1. Types of Balance

There are two types of balance: static and dynamic. Static balance takes place when
the center of gravity is maintained vertically above the base, without changing the base
lengthwise. Static balance is maintained as long as the pressure on the organs that are carry-
ing the body weight is consistently located at the center of the body mass [9]. Humans can
choose the base of support, its size, and how the body is structured on it [10]. Maintaining
balance is more challenging when the base of support is smaller, has a greater slope, and
is less stable, and if the individual has a higher center of gravity [4]. Examples of static
balance include standing on one foot and standing in an elevated position on one’s feet.

The term dynamic balance relates to the ability to maintain the center of gravity above
the base during movement, with the body exiting the center of gravity. In dynamic balance,
the main process is the coordination between holding the torso above the center of gravity
and various advancement movements, which allows for stability and reflectivity in reaction
to changes that occur during the movement. To successfully maintain dynamic balance,
one must be prepared with responses to expected alterations [11]. Dynamic balance is part
of any skill of progress and is manifested in the moment of transition from base to base
when there is a detachment of a part of the body moving from the ground. Examples of
detachment are walking, running, jumping, and landing.

1.2. The Importance of Balance in Preschool Children

Significant maturity of the nervous system cannot be achieved in preschool children,
even when they are going through normal and substantial motor development processes
if routine experiences of certain key movements are lacking (as in the case of lockdown).
The muscular nervous system, which enables movement coordination, is acquired and
developed from the embryonic stage onwards [12]. Early childhood presents a window of
opportunity for motor development, yet insufficient motor experience can impair motor
development among children and even later in life. The system’s requirements for creating
efficient movements are complex, yet the prevailing assumption is that such requirements
serve as the main factors in the development of the balance system during childhood and
in the importance of abundant movement experience [5].

Balance ability is the basic condition for the performance of motor skills, and it depends
on internal and external systems. Motor experience in ages 3–7 is a necessary condition and
a key factor for developing synchronization between various systems. Nevertheless, it is
difficult to indicate the exact age at which the ability to balance ability reaches maturity or
peak functionality since the developmental processes of balance are not consistent. Balance
sensors, for example, are the last to evolve due to the complexity of this system and its
dependence on other sensory systems. As such, toddlers and young children mainly use
motion and vision sensors to maintain balance, only adding balance sensors later on in
their development [13].

Throughout this developmental process, there are certain milestones that should be
pointed out. During the first weeks of life, babies practice using their balance sensors by try-
ing to lift the upper part of their torso, neck, and head while lying on their stomachs. From
the second half of infancy (i.e., from six months and onwards) and towards the end of this
period, children are able to perform activities such as crawling, standing, and slow walking.
However, these activities cannot be performed without initial coordination between vision,
motion, and balance sensors. From the moment infants begin walking, this system receives
a significant developmental boost since this skill requires constant adaptation of the body
to movement alterations in space and to different situations, resulting in the development
of balance sensors [14].

In independent walking, children demonstrate control of their torso volatility for
the first time, as previous skills required them to concentrate on controlling their body
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balance above the base [15]. The important development of the child’s balance ability
at the kindergarten age advances at a rapid pace following ample practice. Educational
frameworks for ages 3–7, therefore, should monitor the development of this ability among
the children in order to ensure continuous improvement [16].

1.3. The Effect of the COVID-19 Pandemic

Following the outbreak of the COVID-19 pandemic in Israel in March 2020, educa-
tional institutions across Israel closed their doors—including kindergartens, rendering
more than half a million children aged 3–6 homebound and in social isolation. As kinder-
gartens provide a supportive physical and cognitive environment for the acquisition and
development of cognitive, emotional, social, and physical skills among young children,
short-term effects of the lockdown on educational, personal, and social aspects rapidly
emerged [17–19]. The long-term effects, however, are yet to be fully observed and explored.

Quarantine phases have a widespread effect on the acquisition and establishment of
knowledge and skills. Significant developmental milestones and processes that take place
in kindergarten could have been damaged by the long lockdown, with the possible forming
of gaps and inequality processes. There is already evidence as to longer screen time and less
physical activity among children [19], as well as poorer balance [20]. Gaps in social, sensory-
motor, language, life, and motor skills have also been documented [17]. Long periods of
quarantine may also alter the way children play and affect their social behavior [21]. There
is also concern that if not adequately addressed, these gaps in development may affect
children’s acquisition of developmental indicators in the future as well.

Static balance tends to decrease between the end of kindergarten and the end of
the first year at school (ages 5–7) [22]. Deterioration may worsen in times of emergency
lockdown. Without noteworthy interventions, such gaps may continue to expand, in
addition to primary deficits that are already showing indications. The education system
in Israel faced three remote-learning periods during the crisis, with 4–8 weeks of grace
between each of these periods. The first period lasted 8 weeks, the second 6 weeks, and the
third remote-learning period lasted 5 weeks. During these periods, all parks, playgrounds,
and recreation areas were closed. As such, educators found themselves attempting to
achieve as much as possible during the infrequent periods when the children physically
attended kindergartens and schools.

In light of this background, the aim of this study was to implement a short, targeted
program that could have a direct effect on children’s fundamental balance ability. The study
hypothesizes that this short-term program will make a beneficial contribution to children’s
static and dynamic balance.

2. Materials and Methods
2.1. Participants

The study included 96 kindergarten children (45 boys and 51 girls), aged 4–6 years,
from four different kindergartens in a central district in Israel. The four kindergartens
were all situated on one site and belonged to the same cluster, which was chosen through
convenience sampling. This kindergarten cluster (“Eshkol Ganim” in Hebrew) is character-
ized by a medium-high socioeconomic status and serves the majority of children in this
geographical area. All four kindergartens are structured similarly. Each building housing
a kindergarten consists of two large rooms; one has a table and chairs for educational
activities such as painting and art, and the other is used for gatherings and for free play.
The outside yard of each kindergarten is equipped with a sandbox, a ladder and slide, and
a swing.

The four kindergartens were cluster-randomized, whereby two kindergartens were
randomly assigned to the control group (n = 46; age: 4.8 ± 1.63), and the remaining
two were assigned to the study group (n = 50; age: 4.63 ± 1.12). This allocation was
mandatory since the study was conducted by the physical education teacher as part of the
regular curriculum in which each kindergarten receives only one hour per week of physical
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education, and since the COVID-19 health regulations disallowed the mixing of classes.
Anthropometric data (height and weight) were not collected since the study was conducted
as part of the kindergarten’s routines and had to follow the formal restrictions. The Israeli
Ministry of Education prohibits taking any body measurements in all the institutions under
its inspection. The inclusion criterion was participating in all study sessions. Children who
missed one or more sessions were not included in the sample, although they continued
to participate in the classes. The kindergarten teachers had no previous knowledge of the
study’s goals.

2.2. Procedure

After receiving the Institutional review board agreement, parents’ consent forms, and
permission from the district’s kindergartens supervisor, the study began. Data collection
in all kindergartens was conducted by the same experimenter during the day’s activities,
while the daily routine was kept fixed.

In the pre-intervention phase (T0—one session), the experimenter met with the kinder-
garten teachers and children and evaluated the static and dynamic balance of each child
via a battery of motor tests described below. The tests were conducted in an isolated room
in the kindergarten, which had been specifically pre-assigned for this process. The resting
time between each motor test was two minutes (passive break) to allow the children to relax.
Two children were tested intermittently; one performed the motor tests, while the other
rested. The order of the motor tests was identical for all children, and the kindergarten
staff was not involved in the data collection process. The encounters lasted 45 min each
and were conducted throughout the regular kindergarten day, from 8 am to 1:30 p.m.

The intervention phase (T1—three sessions) entailed balance training, as presented
in Appendix A. Both the experimental group and the control group underwent three
45-minute sessions, with seven days between each session. This study design was selected
as a weekly session of 45-minute physical education is the standard curriculum. During
these interventions, both dynamic and static balance training was taught to the experimental
group, while general physical activities (e.g., walking at a changing pace, dancing, moving,
and stopping) with no accentuation of balance were carried out by the control group.
The balance training consisted of 10 minutes of warming up, 30 min of balance routines
(3–5 repetitions of each routine), and 5 minutes of relaxing and summarizing the session.
A physical education teacher for preschoolers conducted the interventions in both study
groups and maintained the same methodology.

Post-intervention assessments (T2—one session) were carried out during the fifth
and final session. These assessments were identical to those carried out during the first
session in the pre-intervention phase. Following the completion of the study, and after all
measurements were taken, the control group then received the balance training, and the
experimental group received the regular physical activity sessions as part of their physical
education classes.

2.3. Research Tools

To examine the impact of the intervention, the pre- and post-intervention tests included
two motor tests: the one-leg stance (stork balance stand test) [23] and the one-leg hop
test [24]. The one-leg stance evaluates the individual’s ability to stand on one leg for as long
as possible, as measured in seconds. The test’s reliability depends on how strictly the test is
conducted combined with the individual’s level of motivation to perform. Test validity,
calculated based on published tables regarding fitness level, indicated high correlations [25].
In this study, the children were instructed to stand on one leg for as long as possible, with
parallel thighs and with the opposite knee elevated to 90◦. The best measurement out
of three was documented for each leg. The one-leg hop test evaluates dynamic balance
and has been shown to have a strong intrarater reliability, with an intraclass correlations
coefficient of 0.85 for both legs. In this study, the children were asked to hop on one leg as
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many times as they could without stopping between hops and then to repeat the exercise
on the other leg. The best measurement out of three was documented for each leg.

2.4. Statistical Analysis

Data analysis was performed using SPSS® version 26.0 for Windows (IBM Corp,
Armonk, NY, USA). Comparisons between the groups at the different time points were
conducted using a three-way analysis of variance (3-way ANOVA; groups, time, and leg;
α < 0.05) followed by a two-way interaction analysis (α < 0.05). Analysis of the static and
dynamic balance produced descriptive statistics, including the mean, standard deviation
(SD), and standard error (SE).

3. Results

One hundred and two children started the program. Ninety-six of them attended all
intervention sessions and were included in the study (94.1%).

The motor test results are presented in Table 1.

Table 1. Motor test results pre- and post-intervention (mean ±SD).

Motor Test Intervention Experimental Group
(N = 50)

Control Group
(N = 46)

One-leg stance, right
leg (seconds)

Pre 16.2 ± 8.6 16.3 ± 7.2
* Post *** 27.7 ± 9.9 19.8 ± 7.9

One-leg stance, left
leg (seconds)

Pre 9.4 ± 5.1 9.1 ± 3.9
* Post *** 19.5 ± 5.6 13.9 ± 5.2

One-leg hop, right leg
(repetitions)

Pre 3.4 ± 1.3 3.7 ± 1.1
** Post **** 5.3 ± 1.8 4.8 ± 1.5

One-leg hop, left leg
(repetitions)

Pre 2.6 ± 1.5 2.0 ± 1.0
** Post 3.9 ± 1.5 2.9 ± 1.3

* Significant time–group interaction. ** Significant time–leg interaction. *** Significant within group. **** Significant
between groups.

From the three-way ANOVA on the one-leg stance tests, no three-way interaction
between groups, time (T0 vs. T2), or leg (right vs. left) was found (F(1,94) = 3.669,
p = 0.058, η2 = 0.038). Moreover, no two-way interaction was found between leg and
time (F(1,94) = 0.004, p > 0.05, η2 = 0.000) or between leg and group (F(1,94) = 0.4, p > 0.05,
η2 = 0.004).

An important finding is the time–group interaction (F(1,94) = 64.466, p < 0.001,
η2 = 0.407), whereby the improvement in the one-leg stance in the experimental group
following their dynamic and static balance training was greater than the improvement seen
among the control group, which did not receive such training, as presented in Figure 1.

Additionally, participants in the experimental group significantly improved their
one-leg stance on the right and left leg by 71% and 108%, respectively (p < 0.05), while
participants in the control group tended to improve their one-leg stance on the right and
left leg by only 22% and 53%, respectively.

Three-way ANOVA on the one-leg hop tests showed a tendency of an interaction
between groups, time, and leg (F(1,94) = 1.291, p > 0.05, η2 = 0.014). However, a two-
way interaction was seen between leg and time (F(1,94) = 4.113, p < 0.05, η2 = 0.042).
Moreover, a significant time and group interaction (F(1,94) = 9.378, p < 0.05, η2 = 0.091)
was evident, whereby the improvement in the one-leg hop test in the experimental group
was greater than that of the control group (Figure 1). Additionally, participants in the
experimental group improved their one-leg hop results on the right and left leg by 56% and
50%, respectively, while the participants in the control group improved their one-leg hop
results on the right and left leg by 30% and 45%, respectively.
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Figure 1. Results of time–group interaction of the static balance (one-leg stance in seconds) and
dynamic balance (one-leg hop in repetitions) of both legs, pre- and post-intervention in both study
groups (experimental vs. control).

4. Discussion

A great amount of research has been conducted in the past few years in order to
explore the impact of the COVID-19 pandemic on different aspects of life [17,19]. This
study aimed to examine a means for improving the important skill of balance among young
children who returned to kindergarten after a number of long lockdowns and periods
of social isolation due to this emergency situation. The study hypothesized that specific
balance training could contribute to improved static and dynamic balance performance
among those children. The results of this study suggest that a short, designated treatment
focused on balance has a beneficial influence on the static balance of preschoolers.

The COVID-19 pandemic crisis created a novel situation in which educational institu-
tions were forced to close their doors, and children were required to stay indoors for long
periods of time. As a result, deterioration was observed in various physical and cognitive
aspects, with the sedentary pattern—which had already been documented prior to the
crisis—increasing alarmingly [17,19]. Furthermore, children began to show significantly
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shorter single-leg standing time and a significantly greater number of falls per month
following the onset of the emergency situation [20].

The short-term intervention program presented in this study was able to reverse
some of the negative physical outcomes created by the long lockdowns. For example,
the results of the one-leg stance showed an interaction between group and treatment,
whereby the static stability of the experimental group improved significantly following the
intervention training. This change cannot be explained by normal development alone, as
the intervention only lasted five weeks, and such a change was not seen in the control group.
As there is evidence that static balance tends to decrease between the end of kindergarten
and the end of the first year at school (up to age 7) [22], these findings offer an easy and
cost-effective solution. As such, after a long sedentary period, a short, specifically designed
program may contribute to significant balance improvement.

Both static and dynamic balance were tested in this study. While the static balance of
the experimental group improved significantly compared to that of the control group, an
improvement was seen in the dynamic balance tests in both groups. It has been suggested
that dynamic balance may improve through core stability training [26]. The control group
in this study performed general physical activities that may have had a positive influence
on some core muscles and, in turn, on the participants’ dynamic balance. More research
may be needed to further address this point.

Balance skills are fundamental to all motor abilities, from the most basic movements
to the most complex motor skills [5], and even constitute a connection point for certain
cognitive processes, such as attention, concentration, and mental imagery [6]. The need to
balance the body in stationary and mobile situations occurs frequently throughout the day.
As such, it is important to train this skill from an early age. Intervention programs where
balance plays a key role (e.g., yoga and “Minds in Motion”) were found to also contribute
to the academic skills of elementary school children [27]. As such, when choosing a motor
skill on which to focus, balance skills should be given preference.

The practical outcome of this study may be the possibility of designing short, cost-
effective programs consisting of only a few sessions that can be used to restore deteriorated
physical abilities. These programs may be used in times of lockdowns or other emergency
situations. Although this study was focused on balance, further studies may target other
motor abilities, such as coordination, kinesthesis, or even speed. Furthermore, future
studies may be focused on restoring or improving balance or other abilities among children
diagnosed with delay in their motor development, such as developmental coordination
disorder (DCD).

Despite the importance of this research study and its outcomes, some limitations
should be addressed. Although four kindergartens were included in the study, providing
an adequate sample size, they were all part of the same educational institution. Moreover,
this framework catered to families of strong financial and social standing. As such, future
studies could benefit from comparing children from different institutions and from different
backgrounds and statuses. In a time of uncertainty, such as during the COVID-19 pandemic,
children tend to miss many days of school, especially when they or their family members
test positive for the virus. As such, future studies should monitor the attendance of the
children in the intervention program and offer an intervention program to those who are
forced to stay remote.

5. Conclusions

In conclusion, this study showed that even a short-term targeted program can posi-
tively improve the motor abilities of preschoolers, especially after long periods of lockdown
and social isolation. Moreover, such interventions can be applied with ease, even by kinder-
garten teachers who are not trained in physical education, without incurring additional
resources such as time and money. Further research, however, is needed to fully understand
the complete impact of the crisis on children’s balance and motor skills and how to best
address this issue.
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Appendix A

Appendix A contains detailed information on the interventions and motor skills tests
that were conducted in the study.

Table A1. Outline of the balance and control procedures.

S# Group Focusing on Non-Balance Topics (control) Group Focusing on Balance

1 Meeting goals:
Learn concepts of space and spatial boundaries.
Sample tasks:
Playing the song "In our yard". Each time the word "peace"
is heard in the song, the children will enter a hoop—the
teacher explains that this is their personal space and asks
what can be done in a personal space.
The children stand "in their homes" (the hoops). When the
music plays the children go out to skip in the general space
(between the hoops), a space that belongs to everyone, and
they learn behavioral rules in the common space.

Meeting goals:
Improving static and dynamic balance using various bases
and heights.
Sample tasks:

1. Move in space according to the music, stop in any way
you like, and at any stop on other body parts.

2. In an "all-four position" move on the hands and feet,
change the directions of progress backwards,
sideways. Raise another limb. Find other ways to
balance your body on four support bases. Try to move
on them.

3. Try, in a small leg-spread, to detach the legs and turn a
quarter turn, a half turn, and land without losing
balance.

4. Balance the body on one of the body parts (not on the
legs!)– Buttocks, abdomen, back.

2 Meeting goals:
The children will experience movement at different rhythms
and at different height levels.
Sample tasks:

1. Progress in space at a slow pace at a low altitude level.
2. Move forward at a rapid pace on the toes. Upon

clapping move in a stooped position. Move forward in
a creative way at a medium-height level

Meeting goals:
Static balance with eyes closed and on an elevated platform.
Sample tasks:

1. Move between the stools. One knock—balance
yourself on the stool. Two knocks—balance yourself
on the floor.

2. Stand on one leg on the stool and together we clap our
hands up to the sky.

3. Stand with one leg next to the stool, try to lift the stool
and place it without lowering the other leg.
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Table A1. Cont.

S# Group Focusing on Non-Balance Topics (control) Group Focusing on Balance

3 Meeting goals:
The children will move their bodies in different ways and
practice how to stop the movement.
The children will move in space while considering their
kindergarten counterparts.
Sample tasks:

1. Walking around the kindergarten. When the music
stops, everyone stands like a statue, motionless.

2. Walking backwards and standing next to a friend
without contact when the music stops.

3. Imitation dance—mimicking the teachers’ movements.
Each time the song stops the children must stand still.

Meeting goals:
Balancing the body on different fulcrums in different
situations than usual.
Sample tasks:

1. Find a partner, try different swings.
2. Sit back-to-back, combine elbows with your partner,

bring your knees close to your chest, try to get up
together.

3. Lie on the floor and try to roll together like a "sausage"
(straight body).

4. Standing alone, try with a large legs-spread to balance
on both hands and one knee.

5. Stand and create a statue on the narrowest base while
others (children or the teacher) try to unbalance you
by pushing slightly.

Note. S#—session number.
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Abstract: Verbal encouragement (VE) can be used by physical education (PE) practitioners for boost-
ing motivation during exercise engagement. The purpose of this study was to investigate the effects
of VE on psychophysiological aspects and physical performance in a PE context. Twenty secondary
school male students (age: 17.68 ± 0.51 yrs; height: 175.7 ± 6.2 cm; body mass: 67.3 ± 5.1 kg, %fat:
11.9 ± 3.1%; PE experience: 10.9 ± 1.0 yrs) completed, in a randomized order, two test sessions that
comprised a soccer dribbling circuit exercise (the Hoff circuit) either with VE (CVE) or without VE
(CNVE), with one-week apart between the tests. Heart rate (HR) responses were recorded throughout
the circuit exercise sessions. Additionally, the profile of mood-state (POMS) was assessed pre and
post the circuit exercises. Furthermore, rating of perceived exertion (RPE), traveled distance, and
physical activity enjoyment (PACES) were assessed after the testing sessions. Furthermore, the CVE
trial resulted in higher covered distance, %HRmax, RPE, PACES score, (Cohen’s coefficient d = 1.08,
d = 1.86, d = 1.37, respectively; all, p < 0.01). The CNVE trial also showed lower vigor and higher total
mood disturbance (TMD) (d = 0.67, d = 0.87, respectively, p < 0.05) and was associated with higher
tension and fatigue, compared to the CVE trial (d = 0.77, d = 1.23, respectively, p < 0.01). The findings
suggest that PE teachers may use verbal cues during soccer dribbling circuits for improving physical
and psychophysiological responses within secondary school students.

Keywords: verbal encouragement; physical education; Hoff circuit; enjoyment; mood; performance
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1. Introduction

When designing teaching situations in team ball sports such as soccer, most physical
education (PE) teachers rely heavily on diverse dribbling circuits [1]. Due to the integrated
work (training with ball), these training circuits solicit various physical and cognitive
performances in practitioners (students/players) [2,3]. Previous works in the literature
have reported that soccer-specific training circuits are a commonly used training method
that can simultaneously improve the physical, physiological, and technical aspects of
players [4–6]. The set-up of training circuits depends on several factors that determine its
success, namely distance, duration, the space provided, and the encouragement of the PE
teacher [4].

Continuous stimuli provided by PE teachers is crucial to improve student’s physical
and cognitive performances as well as their motivational beliefs [7]. It is believed that
verbal encouragement (VE) from the practitioners can enhance intrinsic motivation [7–11],
which clearly affects physical commitment and positive interaction with physical exertion
and desire to do exercises [7,12]. This, in turn, leads to better technical, physical, and
emotional responses [8,13,14].

Several studies about integrated training have reported the importance of the encour-
agement provided by the physical trainers on training intensity, expressed as perceived
exertion and physiological responses [15]. In fact, the motivation resulting from integrated
training sessions may be related to good mood state, positive physical pleasure, and vigor-
ous exercise intensity [7]. For example, Selmi et al. [12] reported that encouragement cues
result in optimal motivation and physical enjoyment, subsequently leading to enhancement
of psychophysiological responses in participants during integrated exercises. Addition-
ally, Selmi et al. [16] suggested that encouragement cues from practitioners ensures mood
balance during integrated training in soccer players.

During PE sessions, VE provided by a course teacher is recognized as a form of external
motivation that advances physical engagement [7]. However, limited information addresses
soccer exercise training regarding the importance of VE on participant’s performance.
To our knowledge, no study has tackled the effects of VE on psycho-physiological and
emotional responses by utilizing a soccer specific intervention during technical circuits
in school-based PE sessions. Given the positive benefits of encouragement on athletes’
motivation, as well as the potential influences of exercise intensity and positive affective
responses, research to fill this gap in the literature is warranted.

Therefore, the purpose of this study was to examine the impact of the PE teacher’s VE
on physical performance and students’ perception of exertion, physical enjoyment, and
mood while completing a training circuit with a ball (Hoff circuit). Using soccer-specific
training drills in physical education sessions is important and beneficial for students as the
use of these types of drills is educationally more effective and motivating than conventional
drills. This specific intervention provides physical and psychological benefits due to
positive feelings and high exercise intensity [17].

2. Materials and Methods
2.1. Participants

The study was approved by the research ethics committee of the High Institute
of Sports and Physical Education of Kef, Tunisia (approval no. 011/2020). The exper-
iments were conducted in accordance with the Declaration of Helsinki. Twenty male
students enrolled in one secondary school in Tunisia were involved in this study (age:
17.68 ± 0.51 years; PE experience: 10.9 ± 1. years; height: 175.7 ± 6.2 cm; body mass:
67.3 ± 5.1 kg, %fat: 11.9 ± 3.1%). The participants were from the same study class and
practiced two physical education sessions per week (Tuesday and Friday). All participants
had no reported injuries or illnesses before or during the study. A researcher of our study
group informed all risks and benefits associated with participation to participants, and
their parents voluntarily agreed to participate in the research and gave written informed
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written consent after a detailed explanation about the objectives, procedures, and risks
involved in the study.

A priori power analysis was used to estimate the sample size (G*Power Version
3.1.9.4., Düsseldorf, Germany), based on the t test family (Means: difference between two
dependent means). The analysis output showed that a sample size of 19 subjects would be
sufficient to identify significant differences (effect size = 0.887, power (1 – β) = 0.95 with an
actual power of 95.46 in this study.

2.2. Data Collection and Analysis
2.2.1. Anthropometric Measurements

The participants’ height and body mass were measured using a standard protocol that
the variability of measurement was within 0.2 kg and 5 mm. Height and body mass were
measured to the nearest 0.1 cm and 0.1 kg with a digital scale (OHAUS, Florhman Park, NJ,
USA), respectively. Four-sides skinfold thickness was used to determine the percentage of
body fat (biceps, triceps, subscapular and suprascapular), using a calibrated Harpenden
skinfold caliper (Holtain Instruments, Crosswell, Pembrokeshire, UK). A well-trained
sports scientist conducted the anthropometric measurements in this study. The percentage
of body fat (%body fat) was calculated via a validated method: %body fat = (495/body
density) − 450; D = 1.1533 − (0.0643 × L) with D = body density (g/mL), and L = log of
the total of the 4 skinfolds (mm) [18,19].

2.2.2. Vameval Test

The Vameval test was conducted on a 200 m running track. The testing field was set
with ten cones placed every 20 m at specific sites on the pitch following a preprogrammed
auditory signal (i.e., a beep). The initial running speed was determined at 8 km.h−1

and subsequently increased by 0.5 km.h−1 every minute until exhaustion. The students
controlled their running pattern between the cones. The test was terminated when a
participant failed to maintain the running speed guided by the beep consecutive shuttles
or felt they could not continue the run [12]. The herat rate (HR) was recorded via a Polar
Team Sport System (Polar-Electro OY, Kempele, Finland). The highest HR average value
over 5 s during the Vameval test was recorded as Vameval-HRmax. The reliability of the
Vameval protocol to detect the maximal HR has been shown previously (a Cronbach’s α
value of 0.83) [20].

2.2.3. Heart Rate

During the Hoff circuit exercises, the HR was recorded via portable HR sensors
(Polar Team Sport System, Polar-Electro OY, Kempele, Finland). The HR detection was
recorded every 5 s. The participants frequently checked the position of the HR sensor
throughout the exercise. Subsequently, the HR data were expressed as a percentage of
Vameval-HRmax (%HRmax) and mean HR (HRmean). The %HRmax was calculated by
the formula: %HRmax = (HRmean/Vameval-HRmax) × 100 [21].

2.2.4. Rating of Perceived Exertion (RPE)

The internal load was measured directly after the Hoff circuit exercises. The Borg
CR-10 RPE was used to assess the level perceived effort during the Hoff circuit exercise in
this study [22]. The validity and reliability of this method were reported ed in previous
studies [23]. The participants were familiarized with the RPE-scale in the first week of the
study to maximize the accuracy of the answers.

2.2.5. Profile of Mood States (POMS)

The Profile of Mood State (POMS) was used to evaluate mood state before and after the
Hoff circuit exercises [24]. After a period of familiarization, the survey was administered to
all participants 15 min before and 5 min after each training circuit to assess mood state [16].
The questionnaire consists of 37 items, rated on a 5-point Likert scale ranging (from 0, not
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at all to 4, extremely). The POMS assess six states: tension-anxiety, depression-dejection,
anger-hostility, vigor-activity, fatigue-inertia, and confusion-bewilderment. The POMS
subscales can be combined into a total mood score (TMD) score by adding the scores for
the five negative states and subtracting the positive mood (vigor) score. Adding a constant
of 100 to avoid negative numbers, [TMD = (Anger + Confusion + Depression + Fatigue +
Tension) – Vigor + 100]. The Cronbach’s α of the POMS test ranged from 0.84 to 0.92 in
the present study. The participants completed the POMS on papers outside where they
completed the Hoff circuit exercise.

2.2.6. Physical Enjoyment

The 8-item Physical Activity Enjoyment Scale (PACES) was completed for the assess-
ment positive feelings associated with exercise training in this study [25]. The participants
were asked to rate “how you feel at the moment regarding the exercise training you ex-
perienced” via a 7-points scale (ranging from 1, it’s very enjoyable to 7, it’s not fun at all).
The final score was calculated by a sum of the 8 items scores. The score ranges from 8 to
56 points. The large number of PACES scores indicates high level of physical enjoyment [25].
The Cronbach’s α value of the PACES test was 0.89 in the present study.

2.3. Procedure

Within the first week, the anthropometric characteristics were measured, and all
participants performed the Vmaeval test [12] to obtain individual Hrmax (Figure 1). In
the experimental days, two Hoff circuit sessions were performed separated by a one-
week interval during regular PE sessions. The order of sessions was randomized and
counterbalanced such that half of the participants completed the Hoff circuit exercise with
VE (CVE) and the other half completed the Hoff circuit exercise without VE (CNVE) first
and vise versa. Each subject performed one CVE trial and one CNVE trial.
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Figure 1. Representative diagram of the experimental protocol. n: number of participants; CVE: 
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Figure 1. Representative diagram of the experimental protocol. n: number of participants; CVE: cir-
cuit exercise with verbal encouragement; CNVE: circuit exercise without verbal encouragement.

The experimental sessions (Figure 2) were carried out on an artificial grass pitch in
the morning physical education sessions (between 9:00 and 10:30 a.m.). The duration of
each circuit exercise was 10 min. The HR was continuously monitored during each trial
(CVE and CNVE). The distance traveled of the Hoff circuit exercise, RPE, and PACES were
recorded immediately after the tests. Furthermore, the POMS was measured before and
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after each session. The participants reported the scales independently to avoid hearing the
responses of their colleagues.

A standardized 12-min warm-up exercises was given to all participants (consisting of
jogging, muscle coordination exercises, dynamic stretching, passing drills with ball, and
ended with three 10 m sprints). No static passive stretching exercise was performed during
the warm-up activities [26]. The participants only performed dynamic stretches before the
experimental sessions [16]. Three minutes passive recovery was given after prior to the
Hoff circuit exercise. All participants refrained from strenuous physical effort at least 48 h
prior to experiments. All participants familiarized with the RPE, the PACES, the POMS,
and the Hoff circuit during the familiarization week. A group of researchers and a PE
teacher who collected all data.
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Figure 2. Illustration of the Hoff circuit exercise. The participants dribble the ball through the circuit.
The circuit length is set of 51.5 m on left-hand side and 55 m on the right-hand side and the width is
set of 35 m. The participants were required to perform backward dribbling between the cone 7 to the
gate 8. Three hurdles (30–35 cm height) and 22 cones (two for the starting line and two cones for the
backward run gate) were set on the field. Total distance of per lap is 290 m. The distance between
hurdle 3 and cone 1 is 30.5 m. The distance between cones (1–2, 2–3, 3–4, 4–5, 5–6 and 6–7) is 25.5 m
each [27].

2.4. Hoff Circuit Exercise

The Hoff circuit exercise was performed outdoor. The size of the pitch and the
duration of the circuit training have been strictly implemented in other studies [19]. The
track distance is 290 m. Participants move a soccer ball across the circuit by dribbling. The
goal of the exercise was to do the maximum distance possible for 10 min. Each participant
was informed the spent time at 5 min and at 9 min [19]. Five participants were grouped
for the tests at the same time. Every minute, the testing signal is given to one participant.
Thus, the researchers accounting the test had 4 min for starting the five participants and
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then switched to the halfway test signal that occurred in the successive minute for the first
running participant. When the researchers indicated the halfway test signal for the fifth
running participant (minute 9), at the same time began the last minute signal for the first
running participant. The participants wore colored bibs that were always assigned in the
same order to the running participants numbered 1 to 5 [27].

The participants were received VE from the PE teacher in the CVE trial, while they
performed the test without VE in the CNVE trial. The PE teacher moved around the testing
field while encouraging the participants (instruction such as Go Go Go, Again Again, Move,
Again, Faster, More active, A bit of willpower, More effort, Courage and so on) [7,15]. The
encouragement was spontaneous based on the behavior of the participants, according to
his effort and movements. During the CNVE trial, the PE teacher stood next to the circuit
and controlled the participants but did not provide VE cues.

Statistical Analyses

All data are presented as mean ± standard deviation (SD). The normality of the data
was confirmed using the Kolmogorov-Smirnov test. Paired T-test was used to compare
the Hrmax, Hrmean, physical variables (distance traveled), physical enjoyment (PACES
score), RPE, and Hrmax. The Cohen’s coefficient (d) was used to determine the magnitude
of differences between CVE and CNVE trials [28]. The sales of magnitude were considered
trivial: d ≤ 0.20; small: 0.20 < d ≤ 0.50; medium: 0.50 < d ≤ 0.80; and large: d > 0.80 [29].

Regarding the POMS scores, a two-way Analysis of Variance (ANOVA) was used
to study the effect of the “exercise method” (CVE and CNVE), “effort” (pre- and post-
exercise) and their interaction (exercise method × effort) on the scores of the six subscales
(depression, anger, confusion, fatigue, anxiety, and vigor) and the TMD. Partial Eta-Squared
(η2) was used from two-way ANOVA outputs. When a significant interaction effect was
found, the analysis was completed with a post-hoc Bonferroni test. The level of statistical
significance was set at p < 0.05.

3. Results
3.1. Physical and Physiological Performance

Results presented in Table 1 indicate significant changes in the distance traveled (D),
Hrmax, and RPE variables between the trials (all, p < 0.001).

Table 1. Comparison of the distance traveled, Hrmax, and RPE variables between circuit exercise
with and without verbal encouragement.

Variables CVE CNVE d Rating

Distance traveled (m) 1688.1 ± 206.7 1483.7 ± 180.7 *** 1.08 Large
Hrmax (%) 88.31 ± 2.45 84.06 ± 2.27 *** 1.86 Large
RPE (AU) 7.5 ± 0.82 6.3 ± 0.97 *** 1.37 Large

Hrmax: maximal heart rate; RPE: rating of perceived exertion; CI 95%, d: Cohen’s coefficient, CVE: circuit exercise
with verbal encouragement, CNVE: circuit exercise without verbal encouragement, *** p < 0.001.

3.2. Physical Enjoyment

The PACES score is significantly higher (p < 0.001, d = 1.36, Large) in the CVE trial
(39.95 ± 3.17), compared to that of CNVE trial (46.65 ± 6.41).

3.3. Mood State

No significance of main effect (condition and time) and interaction on depression,
anger and confusion scores were observed. These mood parameters were not significantly
affected by either “effort” or “training method”. However, there was a significant main
effect of training method on TMD, fatigue, and vigor and a significant main effect of effort
on fatigue (Table 2). Additionally, a significant interaction effect was found for tension,
fatigue and TMD (Table 1). In Figure 3, Bonferroni’s post-hoc comparisons shows that only
CVE trial the TMD scores decreased significantly (from 102.65 ± 12.43 to 97.45 ± 11.16)
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and those for vigor increased significantly (from 16.95 ± 4.03 to 13.45 ± 5.92) while anxiety
(from 1.65 ± 2.47 to 1.45 ± 2.33) and fatigue scores increased significantly for the CNVE
trial (from 4.9 ± 2.51 to 8.6 ± 4.07).

Table 2. Analysis of Variance results with 2 × 2 repeated measures (exercise method: circuit with
verbal encouragement and circuit without verbal encouragement) × effort: pre- and post-exercise).

Variables

Effort
(Main Effect)

Exercise Method
(Main Effect) Interaction

F (1,19) η2 F (1,19) η2 F (1,19) η2

Depression 0.012 0.001 0.40 0.02 1.22 0.06
Anger 0.18 0.009 2.20 0.11 1.23 0.06

Anxiety 0.08 0.005 2.66 0.12 8.19 ** 0.30
Confusion 2.48 0.11 0.99 0.05 3.11 0.14

Fatigue 9.87 *** 0.34 8.94 *** 0.32 9.94 *** 0.34
Vigor 0.66 0.03 8.55 *** 0.31 0.21 0.01
TMD 1.57 0.07 6.02 * 0.24 4.27 * 0.18

TMD: total disturbance of mood. * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 3. The profile of mood states (POMS) scores during the Hoff circuit exercise with and without
verbal encouragement during pre-exercise and post-exercise measures. CVE, circuit exercise with
verbal encouragement; CNVE, circuit exercise without verbal encouragement; TMD, total mood
disturbance. Error bars indicate within-subject standard deviation. * a significant difference between
pre-exercise and post-exercise values. * p < 0.05, *** p < 0.001.

4. Discussion

This study investigated the effect of the PE teacher’s VE on the HR, RPE, physical
performance, physical enjoyment, and mood state of school male students during a soccer
dribbling circuit exercise. The results of the present study were as follows: (1) the CVE
condition increased distance traveled, %Hrmax and internal intensity to a greater extent
than that of CNVE condition; (2) the physical enjoyment was greater after the CVE; and
(3) The CVE condition resulted in positive mood state, compared to that of CNVE condition.

In term of internal factors, the result of this study indicated that the RPE was signifi-
cantly greater during the CVE. This indicates that they performed the Hoff exercise with
high intensity which results in a high solicitation of the cardiorespiratory demands [5,23].
During the CVE trial, the RPE is very hard (>7), compared to that of the CNVE trial. There-
fore, VE from the PE teacher motivates students to exert great effort during the Hoff circuit
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exercise. This result suggests that the high level of perceived effort is associated with the
effort produced by students during physical activity [15,16].

Our results have been confirmed by Rampinini et al. [15] showed that VE caused
higher values in terms of RPE compared to the lack of encouragement during specific
soccer training (4 vs. 4) by modifying the dimensions of the field (small, medium, and
large). The results gave the following RPE values: small filed: 7.6 ± 0.5, 6.3 ± 0.5; middle
filed: 7.9 ± 0.5, 6.6 ± 0.6; large field: 8.1 ± 0.5, 6.8 ± 0.5, respectively. For example,
Brandes and Elvers [30] reported the effectiveness of VE in promoting physical effort,
training exercise adherence and internal intensity. This result is in agreement with Sahli
et al. [7], studied the effects of VE on psychophysiological aspects during small-sided games
(SSG). They reported that HR and RPE values were significantly higher in SSG with VE.
Additionally, Selmi et al., [12] compared the effects of VE during specific training soccer
on physiological variables and RPE in youth soccer players. The authors reported that
RPE score and %Hrmax were higher in exercise training with VE than in training exercise
without VE.

Regarding physical performance, this study indicated that VE from the PE teacher
has a positive impact on the distance traveled on the Hoff circuit exercise. The incentive
variable leads to an improvement in running distance. These findings suggest that the PE
teacher’s VE can motivate the male school students to put in a great level of commitment,
physical engagement, and run a further distance. Overall, the results of the present study
suggested that the CVE induced higher physical contributions to energy demands and
exercise intensity, thus confirming the significance of encouragement in improving the
physical condition of participants.

Affective responses to training activity are an essential characteristic of performance [5,31,32].
In addition to focus and engagement, mood and enjoyment can predict training adher-
ence [7]. In the present study, we observed that the physical enjoyment score (PACES)
measuring the CVE trial from the teacher was significantly higher than that measured
after the CNVE trial, confirming with a recent study of Selmi et al. [16] who reported that
players synchronized with VE had higher PACES scores during the SSG than that of the
high intensity interval training (HIIT). Selmi et al. [12] claimed that reduced game exercises
with VE led to greater physical enjoyment than games without verbal encouragement.
Additionally, Sahli et al. [7] reported that PACES scores measured after PE sessions with
the teacher’s encouragement were higher than that without encouragement. This result
may explain that motivating factors may clarify a high level of PACES [7,33,34]. In this
context, other studies have indicated that the students who are most motivated in PE
sessions are those who have a higher level of enjoyment [7,12,35]. These findings also
suggest that the physical enjoyment induced by the training methods may vary depending
on the modality of exercise, the behavior of the PE teacher, the results, and the desire
of the students [36]. Interestingly, our result was relatively supported by previous stud-
ies [5,12,15,34], indicating that the physical activity sessions with VE is also more enjoyable
for students. Furthermore, these indications suggested that the encouragement factor was
easily motivating and enjoyable for the students and could therefore be a more effective
method for improving the psychological responses during exercise engagement.

Regarding the comparison of the mood’s response (POMS) between CVE and CNVE,
the present study recorded that VE resulted in an improvement in the mood state. Our
hypothesis was supported by the result showing VE from the PE teacher contributed to
positive improvement in the mood state of the students.

The POMS is a common psychological measure for athletes during athletic train-
ing [7,12,18,32,37]. During motivational training exercises, participants generally reported
positive changes in the mood state [7,16]. As shown in our study, the score of the POMS
variables was positively altered with the presence of VE from the PE teacher. The anxiety
score (11.36%) and fatigue (6.52%) were significantly reduced, while vigor was increased
(26.02%). The significant increase in vigor and decrease in negative variables (anxiety and
fatigue) of POMS in students leaded to a reduction in the TMD score. These findings are
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consistent with several studies that have investigated the effect of teacher/coach’s VE on
psychological aspects during integrated training. Indeed, we have shown that VE ensures
the stability of the mood state during intense exercises and reduced games (3 vs. 3) [16].
Thus, Sahli et al. [7] reported that training of SSG (4 vs. 4) with VE from the PE teacher
resulted in a significant improvement in vigor, and a significant decrease in anxiety and
TMD scores. The authors indicated that VE is a key determinant of positive mood in
students. Along the same lines, Selmi et al. [16] claimed that lack of motivation in physical
exercise leads to mood disturbance with higher fatigue, tension, and decreased energy.
Additionally, Andradeet al. [38] stated that mood disorders decrease with the presence of
motivation of the PE teacher.

Based on our findings, the absence of VE during a PE session causes an inability to
concentrate and a lack of physical engagement which results in changes in the mood, the
behavior, and the anxiety [7]. Lane and Terry [39] showed that vigor played a crucial role
in positive improvement of the mood, while in our study we recorded a more remarkable
increase in this condition. This outcome suggests that an increase in the vigor subscale score
is likely to lead to a positive feeling during PE sessions. Other research has shown that the
vigor that follows motivational training exercises causes improvements in mood, increased
energy, and physical engagement [40,41]. It has been suggested to explain this that reduced
vigor and increased TMD during physical activity sessions are associated with lack of
motivation and physical pleasure which are associated with unpleasant psychological
responses [7,16,31]. These results suggest that lack of motivation during physical activity
causes negative feelings in students unlike motivational exercises [42]. They could be
related to recent studies regarding the affirmation of the central role of VE in the intrinsic
motivation of students [8,38,43].

During vigorous exercise such as the Hoff circuit exercise, motivational factors may
explain the positive change in some of the different POMS scores. However, studies have
reported that engaging in motivational sport training improves participants’ mood [43–45].
The present study indicated that the behavior of a PE teacher can influence student behavior,
intensity of exercise, affecting psychophysiological and emotional responses, indicating
that the performance is associated with a positive teaching style.

Several limitations should be considered when interpreting the current results. First,
the study sample was small due to the difficulty of recruiting large numbers of homoge-
neous participants. Furthermore, the tests used only one circuit format and used only
one average age of students. Finally, it would be interesting to relate these aspects with
technical aspects such as time motion variables (zones of running intensity, etc.), since these
aspects are important variables of performance.

This investigation has practical implications. To our knowledge, this investigation is
the first to examine physical performance, perceived exertion, physical enjoyment, and
mood state during a soccer-specific training circuit among students. The VE from a PE
teacher can be considered as a necessary variable during PE sessions since it induces
important physical aspects, and positive sensations. This is the reason why PE teachers
should verbally encourage their students during specific physical activity sessions to
increase the intensity of play, create positive emotional states, and improve the student’s
performance.

5. Conclusions

The present study indicates that the RPE, the physical enjoyment, the distance traveled,
Hrmax and the positive mood are higher during the Hoff circuit with the PE teacher’s VE in
comparison with Hoff’s circuit without VE. The VE is suggested as an effective intervention
to improve exercise intensity, physical performance, mood state, and physical enjoyment
when a soccer-specific exercise is used during PE sessions. The findings demonstrated
that PE teachers should utilize VE to improve the motivation, physical engagement, and
commitment in school students. Future investigations examining VE should be conducted
during other exercise training or sports game (individual or collective) of the PE session.
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Other aspects (i.e., physical, physiological, technical, and emotional aspects) and students
with different fitness levels, gender, and age should be further explored to extend the
applicability of the results.

Author Contributions: Conceptualization, B.A., O.S. and M.A.S.; methodology, B.A., O.S., M.A.S.,
H.S. and M.Z.; validation, B.A. and O.S.; formal analysis, B.A., O.S., M.A.S., H.S., A.M. and M.Z.;
investigation, B.A., H.S. and M.Z.; data curation, H.S., A.M. and M.Z.; writing—original draft
preparation, B.A., O.S., M.A.S., H.S., G.R., Z.J.C.-M., J.C.P., A.M., M.Z. and Y.-S.C.; writing—review
and editing, B.A., O.S., M.A.S., H.S., G.R., Z.J.C.-M., J.C.P., A.M., M.Z. and Y.-S.C.; visualization, B.A.
and O.S.; supervision, O.S.; project administration, B.A., O.S., M.A.S., H.S., A.M. and M.Z. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the research ethics committee of the High Institute of Sports
and Physical Education of Kef, Tunisia (approval no. 011/2020 and date of approval 15 March 2020).

Informed Consent Statement: Informed consent was obtained from all participants involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors thank all students and physical education teachers who participated
in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Setiawan, R.R. A circuit-based football heading exercise model in football school ages 14–17 years. ACTIVE J. Phys. Educ. Sport

Health Rec. 2019, 8, 129–133.
2. Hill-Haas, S.V.; Dawson, B.; Impellizzeri, F.M.; Coutts, A.J. Physiology of small-sided games training in football. Sports Med. 2011,

41, 199–220. [CrossRef] [PubMed]
3. Zein, M.I.; Saryono, S.; Laily, I.; Garcia-Jimenez, J.V. The effect of short period high-intensity circuit training-modified FIFA 11+

program on physical fitness among young football players. J. Sports Med. Phys. Fit. 2020, 60, 11–16. [CrossRef]
4. Zagatto, A.M.; Papoti, M.; Da Silva, A.S.R.; Barbieri, R.A.; Campos, E.Z.; Ferreira, E.C.; Chamari, K. The Hoff circuit test is more

specific than an incremental treadmill test to assess endurance with the ball in youth soccer players. Biol. Sport 2016, 3, 263–268.
[CrossRef]

5. Selmi, O.; Ouergui, I.; Levitt, D.E.; Nikolaidis, P.T.; Knechtle, B.; Bouassida, A. Small-sided games are more enjoyable than
high-intensity interval training of similar exercise intensity in soccer. J. Sports Med. 2020, 11, 77. [CrossRef]

6. Nugroho, S.; Nasrulloh, A.; Karyono, T.H.; Dwihandaka, R.; Pratama, K.W. Effect of intensity and interval levels of trapping
circuit training on the physical condition of badminton players. J. Phys. Educ. Sport 2021, 21, 1981–1987.

7. Sahli, H.; Selmi, O.; Zghibi, M.; Hill, L.; Rosemann, T.; Knechtle, B.; Clemente, F.M. Effect of the verbal encouragement on
psychophysiological and affective responses during small-sided games. Inter. J. Environ. Res. Public. Health 2020, 17, 8884.
[CrossRef]

8. Pacholek, M.; Zemková, E. Effects of verbal encouragement and performance feedback on physical fitness in young adults.
Sustainability 2022, 14, 1753. [CrossRef]

9. Andreacci, J.L.; Lemura, L.M.; Cohen, S.L.; Urbansky, E.A.; Chelland, S.A.; Duvillard, S.P.V. The effects of frequency of
encouragement on performance during maximal exercise testing. J. Sports Sci. 2002, 20, 345–352. [CrossRef]

10. Engel FSahli, A.; Faude, O.; Kölling, S.; Kellmann, M.; Donath, L. Verbal encouragement and between-day reliability during
high-intensity functional strength and endurance performance testing. Front. Physiol. 2019, 10, 460. [CrossRef]

11. Kilit, B.; Arslan, E. Effects of high-intensity interval training vs. on-court tennis training in young tennis players. J. Strength Cond.
Res. 2019, 33, 188–196. [CrossRef]

12. Selmi, O.; Khalifa, W.B.; Ouerghi, N.; Amara, F.; Zouaoui, M. Effect of verbal coach encouragement on small sided games intensity
and perceived enjoyment in youth soccer players. J. Athl. Enhanc. 2017, 3, 16–17. [CrossRef]

13. Neto, J.M.D.; Silva, F.B.; De Oliveira, A.L.B.; Couto, N.L.; Dantas, E.H.M.; de Luca Nascimento, M.A. Effects of verbal encourage-
ment on performance of the multistage 20 m shuttle run. Acta Sci. Health Sci. 2015, 37, 25–30. [CrossRef]

14. Sahli, H.; Haddad, M.; Jebabli, N.; Sahli, F.; Ouergui, I.; Ouerghi, N.; Zghibi, M. The Effects of verbal encouragement and
compliments on performance and psychophysiological responses during the repeated change of direction sprint test. Front.
Psychol. 2022, 12, 698673. [CrossRef]

234



Children 2022, 9, 907

15. Rampinini, E.; Impellizzeri, F.M.; Castagna, C.; Abt, G.; Chamari, K.; Sassi, A.; Marcora, S.M. Factors influencing physiological
responses to small-sided soccer games. J. Sports Sci. 2007, 25, 659–666. [CrossRef]

16. Selmi, O.; Haddad, M.; Majed, L.; Khalifa, B.; Hamza, M.; Chamari, K. Soccer training: High-intensity interval training is mood
disturbing while small, sided games ensure mood balance. J. Sports Med. Phys. Fit. 2018, 58, 1163–1170. [CrossRef]

17. Hoff, J.; Wisløff, U.; Engen, L.C.; Kemi, O.J.; Helgerud, J. Soccer specific aerobic endurance training. Br. J. Sports Med. 2002, 36,
218–221. [CrossRef]

18. Durnin, J.V.; Womersley, J.V.G.A. Body fat assessed from total body density and its estimation from skinfold thickness: Measure-
ments on 481 men and women aged from 16 to 72 years. Br. J. Nut. 1974, 32, 77–97. [CrossRef]

19. Siri, W.E. Body composition from fluid spaces and density: Analysis of methods. Nutrition 1993, 9, 480–492.
20. Buchheit, M.; Mendez-Villanueva, A. Reliability and stability of anthropometric and performance measures in highly-trained

young soccer players: Effect of age and maturation. J. Sports Sci. 2013, 31, 1332–1343. [CrossRef] [PubMed]
21. Dellal, A.; Chamari, K.; Pintus, A.; Girard, O.; Cotte, T.; Keller, D. Heart rate responses during small-sided games and short

intermittent running training in elite soccer players: A comparative study. J. Strength Cond. Res. 2008, 22, 1449–1457. [CrossRef]
[PubMed]

22. Foster, C.; Florhaug, J.A.; Franklin, J.; Gottschall, L.; Hrovatin, L.A.; Parker, S.; Dodge, C. A new approach to monitoring exercise
training. J. Strength Cond. Res. 2001, 15, 109–115. [PubMed]

23. Coyne, J.O.; Gregory Haff, G.; Coutts, A.J.; Newton, R.U.; Nimphius, S. The current state of subjective training load monitoring—A
practical perspective and call to action. Sports Med. Open 2018, 4, 1–10. [CrossRef] [PubMed]

24. Baker, F.; Denniston, M.; Zabora, J.; Polland, A.; Dudley, W.N. A POMS short form for cancer patients: Psychometric and structural
evaluation. Psychooncology 2002, 11, 273–281. [CrossRef]

25. Mullen, S.P.; Olson, E.A.; Phillips, S.M.; Szabo, A.N.; Wójcicki, T.R.; Mailey, E.L.; McAuley, E. Measuring enjoyment of physical
activity in older adults: Invariance of the physical activity enjoyment scale (paces) across groups and time. Int. J. Behav. Nutr.
Phys. Act. 2011, 8, 1–9. [CrossRef]

26. Haddad, M.; Dridi, A.; Chtara, M.; Chaouachi, A.; Wong, D.P.; Behm, D.; Chamari, K. Static stretching can impair explosive
performance for at least 24 hours. J. Strength Cond. Res. 2014, 28, 140–146. [CrossRef]

27. Chamari, K.; Hachana, Y.; Kaouech, F.; Jeddi, R.; Moussa-Chamari, I.; Wisløff, U. Endurance training and testing with the ball in
young elite soccer players. Br. J. Sports Med. 2005, 39, 24–28. [CrossRef]

28. Cohen, J. Statistical power analysis. Curr. Dir. Psychol. Sci. 1992, 1, 98–101. [CrossRef]
29. Hopkins, W.; Marshall, S.; Batterham, A.; Hanin, J. Progressive statistics for studies in sports medicine and exercise science. Med.

Sci. Sports Exerc. 2009, 41, 3. [CrossRef]
30. Brandes, M.; Elvers, S. Elite youth soccer players’ physiological responses, time-motion characteristics, and game performance in

4 vs. 4 small-sided games: The influence of coach feedback. J. Strength Cond. Res. 2017, 31, 2652–2658. [CrossRef]
31. Los Arcos, A.; Vázquez, J.S.; Martín, J.; Lerga, J.; Sánchez, F.; Villagra, F.; Zulueta, J.J. Effects of small-sided games vs. interval

training in aerobic fitness and physical enjoyment in young elite soccer players. PLoS ONE 2015, 10, e0137224. [CrossRef]
32. Berger, B.G.; Motl, R.W. Exercise and mood: A selective review and synthesis of research employing the profile of mood states. J.

Appl. Sport Psychol. 2000, 12, 69–92. [CrossRef]
33. Garcia-Mas, A.; Palou, P.; Gili, M.; Ponseti, X.; Borras, P.A.; Vidal, J.; Sousa, C. Commitment, enjoyment and motivation in young

soccer competitive players. Span. J. Psychol. 2010, 13, 609–616. [CrossRef] [PubMed]
34. Toh, S.H.; Guelfi, K.J.; Wong, P.; Fournier, P.A. Energy expenditure and enjoyment of small-sided soccer games in overweight

boys. Hum. Mov. Sci. 2011, 30, 636–647. [CrossRef]
35. Alvarez, M.S.; Balaguer, I.; Castillo, I.; Duda, J.L. Coach autonomy support and quality of sport engagement in young soccer

players. Span. J. Psychol. 2009, 12, 138–148. [CrossRef]
36. Bartlett, J.D.; Close, G.L.; MacLaren, D.P.; Gregson, W.; Drust, B.; Morton, J.P. High-intensity interval running is perceived to be

more enjoyable than moderate-intensity continuous exercise: Implications for exercise adherence. J. Sports Sci. 2011, 29, 547–553.
[CrossRef]

37. Miranda, R.E.E.P.C.; Antunes, H.K.M.; Pauli, J.R.; Puggina, E.F.; Da Silva, A.S.R. Effects of 10-week soccer training program on
anthropometric, psychological, technical skills and specific performance parameters in youth soccer players. Sci. Sports 2013, 28,
81–87. [CrossRef]

38. Andrade, A.; Cruz, W.M.D.; Correia, C.K.; Santos, A.L.G.; Bevilacqua, G.G. Effect of practice exergames on the mood states and
self-esteem of elementary school boys and girls during physical education classes: A cluster-randomized controlled natural
experiment. PLoS ONE 2020, 15, e0232392. [CrossRef]

39. Lane, A.M.; Terry, P.C. The nature of mood: Development of a conceptual model with a focus on depression. J. Appl. Sport Psychol.
2000, 12, 16–33. [CrossRef]

40. Duncan, G.J.; Engel, M.; Claessens, A.; Dowsett, C.J. Replication and robustness in developmental research. Devel. Psychol. 2014,
50, 2417. [CrossRef]

41. Kageta, T.; Tsuchiya, Y.; Morishima, T.; Hasegawa, Y.; Sasaki, H.; Goto, K. Influences of increased training volume on exercise
performance, physiological and psychological parameters. J. Sports Med. Phys. Fit. 2015, 56, 913–921.

42. Lewis, A.D.; Huebner, E.S.; Malone, P.S.; Valois, R.F. Life satisfaction and student engagement in adolescents. J. Youth Adolesc.
2011, 40, 249–262. [CrossRef]

235



Children 2022, 9, 907

43. Andrade, A.; Correia, C.K.; Cruz, W.M.D.; Bevilacqua, G.G. Acute effect of exergames on children’s mood states during physical
education classes. Games Health J. 2019, 8, 250–256. [CrossRef] [PubMed]

44. Cecchini, J.; González, C.; Carmona, Á.; Arruza, J.; Escartí, A.; Balagué, G. The influence of the physical education teacher on
intrinsic motivation, self-confidence, anxiety, and pre-and post-competition mood states. Eur. J. Sport Sci. 2001, 1, 1–11. [CrossRef]

45. Legey, S.; Aquino, F.; Lamego, M.K.; Paes, F.; Nardi, A.E.; Neto, G.M.; Machado, S. Relationship among physical activity level,
mood and anxiety states and quality of life in physical education students. Clin. Pract. Epidemiol. Ment. Health 2017, 13, 82.
[CrossRef]

236



Citation: Melguizo-Ibáñez, E.;

González-Valero, G.; Badicu, G.;

Filipa-Silva, A.; Clemente, F.M.;

Sarmento, H.; Zurita-Ortega, F.;

Ubago-Jiménez, J.L. Mediterranean

Diet Adherence, Body Mass Index

and Emotional Intelligence in

Primary Education Students - An

Explanatory Model as a Function of

Weekly Physical Activity. Children

2022, 9, 872. https://doi.org/

10.3390/children9060872

Academic Editor: Odysseas

Androutsos

Received: 26 April 2022

Accepted: 10 June 2022

Published: 11 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

children

Article

Mediterranean Diet Adherence, Body Mass Index and
Emotional Intelligence in Primary Education Students—An
Explanatory Model as a Function of Weekly Physical Activity
Eduardo Melguizo-Ibáñez 1 , Gabriel González-Valero 2 , Georgian Badicu 3,* , Ana Filipa-Silva 4,5,6 ,
Filipe Manuel Clemente 4,5,7 , Hugo Sarmento 8 , Félix Zurita-Ortega 1 and José Luis Ubago-Jiménez 1

1 Faculty of Education Sciences, Department of Didactics of Musical, Plastic and Corporal Expression,
University of Granada, 18071 Granada, Spain; edumeliba@correo.ugr.es (E.M.-I.); felixzo@ugr.es (F.Z.-O.);
jlubago@ugr.es (J.L.U.-J.)

2 Faculty of Education and Sport Sciences (Melilla), Department of Didactics of Musical, Plastic and Corporal
Expression, University of Granada, 52071 Melilla, Spain; ggvalero@ugr.es

3 Department of Physical Education and Special Motricity, Faculty of Physical Education and Mountain Sports,
Transilvania University of Braşov, 500068 Braşov, Romania
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Abstract: Adolescence is a key developmental period from a health, physical and psychological
perspective. In view of this, the present research aimed to establish the relationship between emotional
intelligence, Mediterranean diet adherence, BMI and age. In order to address this aim, (a) an
explanatory model is developed of emotional intelligence and its relationship with Mediterranean
diet adherence, BMI and age, and (b) the proposed structural model is examined via multi-group
analysis as a function of whether students engage in more than three hours of physical activity a
week. To this end, a quantitative, non-experimental (ex post facto), comparative and cross-sectional
study was carried out with a sample of 567 students (11.10 ± 1.24). The instruments used were an ad
hoc questionnaire, the KIDMED questionnaire and the TMMS-24. Outcomes reveal that participants
who engage in more than three hours of physical activity a week score more highly for emotional
intelligence than those who do not meet this criterion. Furthermore, it was also observed that,
whilst the majority of the sample was physically active, improvement was required with regards to
Mediterranean diet adherence.

Keywords: Mediterranean diet; emotional intelligence; physical activity; body mass index

1. Introduction

In a physical and psychological sense, adolescence marks a sensitive growth phase [1],
which starts during puberty and finishes with bio-psychosocial maturity [2]. It typically
takes place between 10 and 19 years of age [3]. With regards to psychological aspects, ado-
lescents are yet to fully configure their personality, leading them to be easily influenced [3].
Thus, it is important to encourage them to adopt positive habits with regards to physical
activity and health [4]. Whilst the physical and psychological benefits of an active and
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healthy lifestyle are clear, during adolescence, a reduction is seen in the time spent engaged
in physical activity and the quality of dietary patterns [5].

The Mediterranean diet is considered to be a healthy dietary pattern, not only in terms
of the quantity of food intake but, also, in terms of quality, food preparation and nutrient
suitability [6]. Currently, a change in dietary patterns is taking place in Western societies,
with an increase in pre-cooked dishes with a high caloric level, increasing the incidence of
cardiovascular diseases. [7]. Food availability is one of factors leading to a worsening of
dietary habits [8]. The Mediterranean diet is characterized by the intake of specific food
varieties, especially wholegrains, olive oil, dairy products, bread, fruits and vegetables [9].
Caprara [10] also revealed that Mediterranean diet adherence combined with high levels
of physical activity helped to increase life expectancy [11]. Positive adherence to a dietary
pattern also brings numerous benefits in physical and mental areas [7]. In the physical area,
a reduction in BMI, a reduction in waist circumference and the prevention of cardiovascular
diseases are observed [11], whereas in the mental area, notable improvements in self-
concept and emotional intelligence are observed [7].

Physical activity has been defined as any exercise performed by the skeletal muscles
involving energetic expenditure [12]. Villasana et al. [13] showed that weekly physical
activity engagement falls during adolescence. Likewise, Hernández-Álvarez et al. [14]
state that this drop in physical exercise is due to a greater preference for sedentary habits
over active activities. WHO [15] states that, in order to follow an active lifestyle, children
and adolescents aged 5 to 17 years old should engage in moderate and vigorous physical
activity for at least 60 min a day on three days a week. Following these guidelines brings
physical health benefits such as a reduction of waist circumference, improvement of blood
pressure and reduced BMI, as well as numerous improvements to mental health, such as
better emotional control [16,17].

Emotional control plays a key role in leading a healthy lifestyle [18]. It can be de-
fined as a multidimensional experience with three response systems: cognitive/subjective,
behavioural/expressive and physiological/adaptive [19]. Further, educational settings
must provide emotional education as a key element to the integral development of adoles-
cents [20]. Thus, within the classroom, emotional intelligence is conceived as a key element
to emotional control [21]. Among the different definitions proposed for the concept of
emotional intelligence, the most widely accepted is that proposed by Salovey et al. [19].
These authors state that emotional intelligence describes the ability to accurately perceive,
value and express emotions in a personal way, whilst also understanding the emotions
experienced by others. Moreover, this model outlines three stages that make up emotional
intelligence. The first of these is emotional perception, which pertains to the ability to
perceive one’s own emotions and others’ emotions [22]. The second, emotional under-
standing, corresponds to the ability to understand and process information garnered from
emotions [19] and emotional regulation and the ability to promote understanding and
personal growth [19]. In this case during adolescence, emotional intelligence plays a fun-
damental role in overcoming disruptive states [20]; however, when adulthood is reached,
the construct that makes up emotional intelligence (attention, clarity and repair) helps
people to become emotionally competent [18,22]. Finally, another factor that can affect the
development of emotional intelligence is the mental image perceived by the subjects of
themselves [7]. In this case, it has been observed that people who are overweight show
worse levels of emotional intelligence than those who reflect a normal weight and are
satisfied with their physical appearance [17].

Based on the above, the present research outlines the following hypotheses:

- Participants who report more than three hours of physical activity a week will reveal bet-
ter associations between BMI, Mediterranean diet adherence and emotional intelligence.

- Participants who report engaging in less than three hours of physical activity a
week will reflect worse associations between BMI, Mediterranean diet adherence
and emotional intelligence.
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- Participants who engage in more than three hours of physical activity a week will
have better scores for emotional intelligence, Mediterranean diet adherence and BMI
than those who do not claim to meet these criteria.

In conclusion, the present research aims to establish the relationship between emo-
tional intelligence, Mediterranean diet adherence, BMI and age. In order to address this aim,
(a) an explanatory model of emotional intelligence and its relationship with Mediterranean
diet adherence, BMI and age will be developed, and (b) the structural model will be tested
via multi-group analysis as a function of whether students engage in more than three hours
of physical activity a week.

2. Materials and Methods
2.1. Participants and Design

A non-experimental (ex post facto), descriptive and cross-sectional study was carried
out with students from different public (state-funded) schools in the city of Granada.
Schools were selected to participate randomly. The sample was composed of a total of
567 students aged between 9 and 13 years old (11.10 ± 1.24). With regards to sex, 53%
were male (n = 303) and 47% were female (n = 264). Data collection was carried out after
obtaining consent from legal guardians. A cover letter was sent to parents informing them
about the aims and nature of the study and, subsequently, written informed consent was
obtained. In terms of sample size, the overall sample of primary school students in the city
of Granada is 83,940. Setting a 5.0% sampling error gave a confidence level of 97% for the
recruited sample size.

2.2. Instruments

Sociodemographic questionnaire: Designed to collect information on age and sex. This
tool was also used to collect data on sport or physical activity engagement. Participants
were asked whether or not they engaged in more than 3 h of physical activity a week (do
you engage in more than 3 h of physical activity outside of school hours?). In this case, this
question is used to check whether the participants are physically active or not [23]. Partic-
ipating Physical Education teachers measured and weighed participants for subsequent
calculation of BMI. In this case, the mathematical formula of dividing the participant’s
weight by the squared height was used to calculate the BMI. The cut-off points used in
the present investigation are the specific values for children according to their age that
correspond to the following values for adults: Obesity (scores above 30 kg/m2), overweight
(scores between 25 kg/m2 and 29.99 kg/m2), normal weight (values between 24.99 kg/m2

and 18 kg/m2), underweight (scores below 18.5 kg/m2) and severely underweight (less
than 16.5 kg/m2) [24,25].

KIDMED questionnaire: The Spanish version developed by Serrá-Majem et al. [26]
was used for the present study. This questionnaire includes a total of 16 items that can
be answered negatively or positively. Items 5, 11, 13 and 15 are negatively framed and,
therefore, positive responses are scored as −1. All remaining questions are negatively
framed, with affirmative responses being scored as +1. Potential final scores range from
4 to 12. Scores are then classified according to three groups describing Mediterranean
diet adherence. The following groups are defined: optimal diet (8 and above), needs
improvement (2–7) and poor diet (1). Reliability analysis of the data obtained for this
questionnaire yielded acceptable results (α = 0.771).

Trait Meta-Mood Scale 24: Developed by Salovey et al. [19]. The Spanish version
developed by Fernández-Berrocal et al. [27] was used in the present study. In this case, the
version used for data collection is adapted for the study population [27]. This questionnaire
comprises a total of 24 items that are rated on a five-point Likert scale (1 = “Disagree”
to 5 = “Strongly agree”). On this scale, emotional intelligence is evaluated as a construct
made up of three factors. These factors are emotional attention (items 1, 2, 3, 4, 5, 6, 7 and
8), understanding of emotional states (items 9, 10, 11, 12, 13, 14, 15 and 16) and emotional
regulation (17, 18, 19, 20, 21, 22, 23 and 24). Items are summed to produce an overall score.

239



Children 2022, 9, 872

In the present study, reliability indices for emotional attention (α = 0.902), emotional clarity
(α = 0.845) and emotional repair (α = 0.891) were all acceptable.

2.3. Procedure

During data collection, an information pack was sent out by the Department of the
Didactics of Musical, Artistic and Corporal Expression of the University of Granada. This
letter informed school management about the aims and scope of the study. Following this,
an e-mail was sent by the schools to students’ legal guardians to inform them of the study
aims and request their consent for participation of their children in the research project.
Once this permission was obtained, schools were provided with a link to a Google Form
which laid out the previously described aims. Due to the COVID-19 pandemic, the project
investigators were unable to personally attend the school, as during data collection (March
2021), entry to schools was restricted. Teachers received instructions from researchers
around how questionnaires should be completed. Further, two questions were intentionally
repeated on the questionnaire in order to check for random responding and ensure that
questionnaires were completed correctly. As a result, a total of 19 questionnaires were
discarded due to incorrect completion. Finally, the present study complied with the ethical
standards for research involving human subjects set out in the Helsinki Declaration of
1975 and was supervised by the Research Ethics Committee of the University of Granada
(1230/CEIH/2020).

2.4. Data Analysis

The IBM SPSS Statics 25.0 program (IBM Corp, Armonk, NY, USA) was used for data
analysis. A descriptive analysis was carried out according to frequencies. Comparative
analysis was performed using contingency tables and Student t-tests for independent
samples. Statistically significant differences were determined using Pearson’s Chi-square
statistics, with a significance level of 95%. In order to calculate the statistical power
achieved for t-statistic calculation, Cohen’s standardized d-index was used [28]. In this
sense, effects are interpreted as null (≤0.19), small (0.20–0.49), medium (0.50–0.79) and large
(≥0.80). Phi and Cramer’s V was used for interpretation of contingency table outcomes,
with effects being interpreted as weak (<0.2), moderate (0.2–0.59) and large (≥0.6) [29].
The Kolmogorov-Smirnov test was used to examine data distribution, with a normal
distribution being confirmed.

The IBM SPSS Amos 26.0 program (IBM Corp, Armonk, NY, USA) was used to develop
structural equation models. This model allows existing relationships to be established
between participants who engage in more than 3 h of weekly physical activity and those
who do not meet this physical-sport criterion. In this case, each model is composed of
three endogenous variables (MDA; AGE; BMI) and three exogenous variables (EA; EC;
ER). For the endogenous variables, causal relationships are examined in consideration of
observed associations between the indicators and the degree of measurement reliability.
This enables the error originated by the measurement of observed variables to be included
in the model. Figure 1 was developed in which unidirectional arrows are produced from
regression weights and represent lines of influence. In addition, a significance level of 0.05
was established. In this case, relationships between the three-factor construct of emotional
intelligence and age, body mass index and Mediterranean diet adherence were examined.

Finally, model fit was evaluated following visualisation of its different parameters.
According to Bentler [30] and McDonald [31], goodness of fit should be evaluated according
to chi-square, with non-significant p-values indicating good fit. With regards to the com-
parative fit index (CFI), values above 0.95 reflect good fit. With regards to the goodness of
fit index (GFI), scores above 0.90 show good fit. With regards to the incremental reliability
index (IFI), values above 0.90 reflect good fit. Finally, in the case of root mean square
approximation (RMSEA), scores below 0.1 evidence adequate model fit.
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3. Results

With regards to emotional attention, the outcomes presented in Table 1 show that
higher scores were recorded for individuals who met the established the sport criteria
(M = 3.496) relative to participants who did not meet this criterion (M = 3.423). Turning
attention to emotional clarity, higher scores were reported by participants who engaged in
more than 3 h of physical activity a week (M = 3.612) relative to those who spent less time
engaged in such activity (M = 3.429). Finally, in terms of emotional repair, higher scores
were observed for participants who met the sport criterion (M = 3.792) relative to those
who did not (M = 3.423).

Table 1. Comparative analysis between physical activity (Yes/No) and emotional intelligence.

Levene Test t-Test
ES (d) 95% CI

N M SD F Sig T df P

EA
No 69 3.423 0.825

0.352 0.553 −0.684 86.915 >0.05 0.525
[0.161;
0.342]Yes 498 3.496 0.805

EC
No 69 3.429 0.877

0.009 0.926 −1.628 0.107 >0.05 0.214
[0.038;
0.466]Yes 498 3.612 0.851

ER
No 69 3.423 0.815

0.763 0.383 −3.520 87.380 ≤0.05 0.458
[0.205;
0.711]Yes 498 3.792 0.805

Note: 1 Emotional attention (EA); emotional clarity (EC); emotional repair (ER). Note 2: Sample (N); Average (M);
Standard Deviation (SD); F-Snedecor for equality of variances (F); Significance Level (Sig); T-value (T); Degrees of
Freedom (df); Bilateral Significance (P); Cohen’s standardized d-index (ES (d)); 95% Confidence Interval of the
Difference (95% CI).

Table 2 shows the descriptive analysis for the BMI variable. In this case, it is observed
that 29.6% (n = 168) show as underweight, whereas more than two thirds of the total show
as normal weight (69.1%; n = 392). Only 1.3% were overweight (n = 7).
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Table 2. BMI descriptive analysis.

Frequency Percentage

Body Mass Index

Underweight 168 29.6%

Normal weight 392 69.1%

Overweight 7 1.3%

Total 567 100%

Results presented in Table 3 (p ≤ 0.05) reveal that participants who did engage in
physical activity were more likely to be underweight (n = 156; 31.3%) than overweight
(n = 12; 2.4%). In the case of normal weight, higher scores are observed for those who did
not engage in more than 3 h of physical activity a week (n = 57; 82.6%).

Table 3. Comparative analysis of body mass index and physical activity engagement.

ES
Phi = 0.119 Body Mass Index Total

Cramer’s V = 0.119 Underweight Normal Weight Overweight

PA

No
Count 12 57 0 69

% PA 17.4% 82.6% 0.0% 100%

Yes
Count 156 330 12 498

% PA 31.3% 66.3% 2.4% 100%
Note 1: Physical Activity (PA).

Table 4 pertains to the relationship between physical activity and Mediterranean diet
adherence, with statistically significant differences emerging at the level p ≤ 0.05. In this
case, it is observed that participants who met the physical activity/sport criterion (n = 159;
89.8%) were more likely to follow an optimal diet than those who did not (n = 18; 10.2%).

Table 4. Comparative analysis of Mediterranean diet adherence and physical activity engagement.

ES
Phi = 0.083 PA Total

Cramer’s V = 0.083 No Yes

MDA

Poor quality
Count 3 18 21

% MDA 14.3% 85.7% 100%

Needs
improvement

Count 48 321 369

% MDA 13.0% 87.0% 100%

Optimal diet
Count 18 159 177

% MDA 10.2% 89.8% 100%
Note 1: Physical Activity (PA); Mediterranean Diet Adherence (MDA).

The structural equation models (Figure 2) demonstrated good fit for each of the
different examined indices. Chi-square analysis produced a significant p-value (X2 = 1.611;
df = 3; pl = 0.657); however, these data cannot be interpreted in isolation due to the
sensitivity of this statistic to sample size [32]. For the general model, other standardised fit
indices were used which are less sensitive to sample size. Comparative fit (CFI), normalised
fit (NFI) and incremental fit (IFI) indices were 0.998, 0.994 and 0.998, respectively, whereas
the Tucker-Lewis index (TLI) was 0.946. All of these indices demonstrate excellent fit.
In addition, the root mean of square error of approximation (RMSEA) value obtained
was 0.010.
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In this case, Figure 2 and Table 5 show the relationships between the variables for the
whole sample. A positive relationship is observed between age and emotional attention
(r = 0.441), whereas negative relationships are observed for emotional clarity (r = −0.059)
and emotional repair (r = −0.004). Continuing with the relationship between the emotional
domain and adherence to the Mediterranean diet, a positive relationship was observed
with all the variables that make up emotional intelligence (r = 0.066; r = 0.046), showing a
level of significance with emotional repair (p ≤ 0.05; r = 0.111). Finally, body mass index
shows a positive relationship with emotional clarity (p ≤ 0.05; r = 0.143) and emotional
attention (r = 0.004) and a negative relationship with emotional repair (p ≤ 0.05; r = −0.140).

Table 5. SEM belonging to the entire sample.

Association between
Variables

RW SRW

Estimation SE CR p Estimation

AGE← EA 0.075 0.097 0.771 0.441 0.037

AGE← EC −0.115 0.094 −1.218 0.223 −0.059

AGE← ER −0.008 0.094 −0.087 0.931 −0.004

MDA← EA 0.059 0.042 1.406 0.160 0.066

MDA← EC 0.038 0.041 0.947 0.343 0.046

BMI← EC 0.109 0.037 2.954 ** 0.143

BMI← ER −0.110 0.037 −2.975 ** −0.140

MDA← ER 0.096 0.041 2.366 ** 0.111

BMI← EA 0.003 0.038 0.084 0.933 0.004

EC←→ EA 0.169 0.018 9.332 *** 0.426

EC←→ ER 0.170 0.019 9.198 *** 0.419

EA←→ ER 0.143 0.017 8.296 *** 0.372
Note 1: Regression weights (RW); standardized regression weights (SRW); standard error (SE); critical ratio
(CR). Note 2: Emotional attention (EA); emotional clarity (EC); emotional Repair (ER); body mass index (BMI);
Mediterranean diet adherence (MDA); age (AGE). Note 3: ** p ≤ 0.05; *** p < 0.001.

Turning attention to the structural equation models, the model developed for partici-
pants who meet the physical-sporting criteria produced a significant p-value (X2 = 6.072;
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df = 3; pl = 0.108). As with before, the CFI produced was 0.992, whereas NFI and IFI
values were 0.986 and 0.993, respectively. A TLI of 0.946 was also obtained, with all of
these aforementioned values pointing to excellent fit. Finally, the RMSEA value obtained
was 0.045.

Both Figure 3 and Table 6 present the regression weights associated with the theoretical
model, with statistically significant relationships being indicated at p < 0.05 and p < 0.001.
In this case, emotional attention was positively related with Mediterranean diet adherence
(p < 0.001; r = 0.186), age (r = 0.067), emotional clarity (p < 0.001; r = 0.482) and emotional
repair (p < 0.001; r = 0.435), with a negative relationship being found with body mass index
(r = −0.067). Moving on to consider emotional clarity, a positive relationship is observed
with Mediterranean diet adherence (r = 0.045), body mass index (p ≤ 0.05; r = 0.165) and
emotional repair; however, a negative relationship is shown with age (r = −0.112). In
the case of emotional repair, positive relationships are observed with Mediterranean diet
adherence (r = 0.071) and age (r = 0.021), whereas a negative relationship is seen with body
mass index (p < 0.001; r = −0.209).
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Figure 3. SEM pertaining to participants who engage in more than 3 h of PA a week. Note: Emotional
attention (EA); emotional clarity (EC); emotional repair (ER); body mass index (BMI); Mediterranean
diet adherence (MDA); age (AGE).

Turning attention to the structural equation models, the model developed to partici-
pants who do not engage in more than 3 h showed good fit in terms of all of the different
examined indices. Chi-square analysis produced a significant p-value (X2 = 8.330; df = 3;
pl = 0.040). As with before, the CFI produced was 0.955, whereas NFI and IFI values were
0.912 and 0.928, respectively. A TLI of 0.934 was also obtained, with all of these aforemen-
tioned values pointing to excellent fit. Finally, the RMSEA value obtained was 0.056.

Figure 4 and Table 7 present the regression weights associated with the theoretical
model, with statistically significant relationships being indicated at the level of p < 0.05 and
p < 0.001. In this case, emotional attention was positively related with Mediterranean diet
adherence (r = 0.130), body mass index (p < 0.05; r = 0.383), emotional clarity (p < 0.001;
r = 0.464) and emotional repair (p < 0.001; r = 0.510), whereas it was negatively related
with age (p < 0.05; r = −0.289). Emotional clarity produced positive associations with
age (p < 0.05; r = 0.302) and emotional repair (p < 0.001; r = 0.519); however, negative
relationships were produced Mediterranean diet adherence (r = −0.045) and body mass
index (r = −0.056). Finally, with regards to emotional repair, positive relationships emerged
Mediterranean diet adherence (r = 0.129), age (r = 0.041) and body mass index (r = 0.07).
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Table 6. SEM pertaining to participants who engage in more than 3 h of PA per week.

Association between
Variables

RW SRW

Estimation SE CR p Estimation

MDA← EA 0.032 0.009 3.666 *** 0.186

AGE← EA 0.106 0.082 1.293 0.196 0.067

BMI← EA −0.042 0.032 −1.307 0.191 −0.067

MDA← EC 0.007 0.009 0.808 0.419 0.045

AGE← EC −0.166 0.086 −1.937 0.053 −0.112

BMI← EC 0.097 0.034 2.891 ** 0.165

MDA← ER 0.012 0.010 1.297 0.195 0.071

AGE← ER 0.033 0.088 0.380 0.704 0.021

BMI← ER −0.131 0.035 −3.775 *** −0.209

EC←→ EA 0.330 0.034 9.680 *** 0.482

EC←→ ER 0.398 0.036 11.199 *** 0.581

EA←→ ER 0.282 0.032 8.888 *** 0.435
Note 1: Regression weights (RW); standardized regression weights (SRW); standard error (SE); critical ratio
(CR). Note 2: Emotional attention (EA); emotional clarity (EC); emotional Repair (ER); body mass index (BMI);
Mediterranean diet adherence (MDA); age (AGE). Note 3: ** p ≤ 0.05; *** p < 0.001.
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Table 7. SEM pertaining to participants who do not engage in more than 3 h of PA a week.

Association between
Variables

RW SRW

Estimation SE CR p Estimation

MDA← EA 0.027 0.030 0.906 0.365 0.130

AGE← EA −0.403 0.194 −2.077 ** −0.289

BMI← EA 0.177 0.062 2.853 ** 0.383

MDA← EC −0.009 0.028 −0.312 0.755 −0.045

AGE← EC 0.396 0.184 2.156 ** 0.302

BMI← EC −0.024 0.059 −0.413 0.680 −0.056

MDA← ER 0.027 0.031 0.866 0.386 0.129

AGE← ER 0.058 0.204 0.285 0.776 0.041

BMI← ER 0.035 0.065 0.531 0.595 0.074

EC←→ EA 0.332 0.095 3.473 *** 0.464

EC←→ ER 0.366 0.096 3.800 *** 0.519

EA←→ ER 0.339 0.090 3.748 *** 0.510
Note 1: Regression weights (RW); standardized regression weights (SRW); standard error (SE); critical ratio
(CR). Note 2: Emotional attention (EA); emotional clarity (EC); emotional Repair (ER); body mass index (BMI);
Mediterranean diet adherence (MDA); age (AGE). Note 3: ** p ≤ 0.05; *** p < 0.001.

4. Discussion

The present study describes existing relationships between emotional intelligence,
adherence to the Mediterranean diet, age and body mass index as a function of the time
spent engaged in weekly physical activity. Findings met the proposed objectives and, there-
fore, the following discussion serves to compare obtained outcomes with those reported in
previous research.

Present findings show that individuals who report engaging in more than three hours
of weekly physical activity also report higher scores for attention, clarity and emotional
repair than those who engage in such activity for less than three hours. In view of these
results, Vaquero-Solís et al. [33] argue that physical activity engagement is beneficial
for emotional control. Likewise, Angarita-Ortiz et al. [34] uphold that physical activity
engagement contributes to better emotional intelligence, since physical exercise is used as a
means to achieving emotional well-being.

With regards to the relationship between BMI and physical activity engagement, it was
observed that students who claimed to engage in more than three hours of physical activity
a week were more likely to be overweight or underweight than those who did not meet the
aforementioned criteria. Hugely contrasting findings were reported by Chavesa et al. [35]
and Power et al. [36]. Explanations for this can be found in the study conducted by
Salcin et al. [37] who identified during adolescence a lack of control over diet exists, with
an increase in fat intake and an increase in the consumption of pre-cooked dishes with a
high calorie content. Further, Melguizo-Ibáñez et al. [38] and Padial-Ruz et al. [39] argue
that family functioning plays a key role in diet control and encouraging physical activity.

Turning attention to Mediterranean diet adherence and physical activity, it was ob-
served that more than half of participants who engaged in more than three hours of physical
activity a week were in need of improving their diet. Similar findings were reported by
Melguizo-Ibáñez et al. [40] and Morales-Camacho et al. [41] who found that dietary patterns
worsen during adolescence. Moreover, Muros et al. [42] argue that adherence tends to
reduce due to the fact that adolescents tend to consume more saturated fats in place of
foods rich in proteins and carbohydrates.

With regards to the present associative analysis, students who engaged in more than
three hours of physical activity a week were observed to demonstrate a stronger relation-
ship between Mediterranean diet adherence and attention and emotional clarity. Similar
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outcomes were obtained by Marfil-Carmona et al. [43] who stated that healthy lifestyles
in general have a positive impact on the overall development of adolescents, including
that of the emotional sphere [44]. On the other hand, with regards to the relationship
between Mediterranean diet adherence and emotional repair, participants who engaged in
less than three hours of physical activity a week were observed to obtain better outcomes.
Contrasting results were obtained by Castro-Sánchez et al. [45] who concluded that engage-
ment in physical exercise helps to channel disruptive states and, consequently, improve
emotional outcomes.

With regards to BMI and emotional intelligence, participants who engaged in more
than three hours of physical activity a week demonstrated a negative relationship be-
tween BMI, attention and emotional clarity. In view of these findings, Cuesta-Zamora
et al. [46] conclude that obsession with physical fitness can lead to a continuous state of
body dissatisfaction, leading to a state of non-acceptance at the detriment to the emotional
state of adolescents. A positive relationship between BMI and emotional clarity was also
observed in participants who engaged in more than three hours of physical activity a
week. These findings are supported by Andrei et al. [47] who argue that emotional clar-
ity helps to improve mental health and, as a result, improve physical performance and
physical condition.

Outcomes pertaining to emotional intelligence reveal that participants who engage
in more than three hours of physical activity a week demonstrate better outcomes. In
this sense, Vaquero-Solís et al. [33] conclude that emotional clarity, together with the
attention given to the negative feelings experienced during physical activity, helps to
channel disruptive emotions due to the division of neurotransmitters [48]. In contrast, better
relationships between emotional attention and repair were shown in participants who do
not engage in more than three hours of physical activity a week. Contrasting findings have
been reported by Wang et al. [49] who stated that physical activity engagement provides
benefits for the perception of feelings and coping. Further, research by Trigueros et al. [50]
concluded that an active lifestyle helps to improve emotional and physical well-being.

Finally, the present research reports that leading an active lifestyle brings benefits in
the emotional and physical area [51]. In this case, the present study highlights the need
to create a motivation and positive attitude towards the practice of physical activity at an
early age [50] that will last into adulthood and help to improve people’s health [52] and the
decrease of cardiovascular diseases in different societies [53].

Limitations and Future Perspectives

The present study has a number of limitations. The main limitation is that the present
study is cross-sectional and based on a single measurement in a specific population at a
determined timepoint. This only allows for the identification of relationships between
variables at the examined timepoint and prevents causal relationships from being estab-
lished. Another limitation is that the sample consisted of primary school pupils from a
very specific geographical area. This prevents findings from being generalised to wider ge-
ographical areas at a national or regional level. In addition, the presence of COVID-19 and
the resultant mobility restrictions imposed had an impact on data collection, as researchers
were unable to access schools, leading to a smaller sample being recruited. It should also
be noted that, although reliable instruments were used to collect weight and height data,
these instruments carry an implicit measurement error. Despite recruiting a sizeable final
sample which enabled a confidence level of 97%, it was not possible to collect data from
other schools. As a result, external variables such as socioeconomic level, education or
school ownership could not be considered.

In terms of future perspectives, it would be interesting to carry out a comprehensive exper-
imental study targeting nutritional and emotional education, via physical activity engagement.
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5. Conclusions

Descriptive analysis showed that participants who engaged in more than three hours
of physical activity a week have better emotional intelligence than those who do not meet
this criterion. Furthermore, it was also observed that the majority of the sample was
physically active; however, improvements were required with regards to Mediterranean
diet adherence.

Turning attention to the structural equation models, better relationships between
Mediterranean diet adherence and attention and emotional clarity were observed in partici-
pants who reported more than 3 h of physical activity a week; however, better relationships
were seen between Mediterranean diet adherence and emotional repair in those who did
not achieve this level of physical activity. A better relationship between BMI and emotional
repair and attention was also observed in participants who engaged in less than 3 h of
physical activity a week.

Finally, a stronger relationship was observed between the variables comprising emo-
tional intelligence in participants who engaged in more than 3 h of weekly physical activity,
whereas participants who do not meet this criterion demonstrated a stronger relationship
between emotional attention and emotional repair.
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Abstract: Physical literacy (PL) is thought to facilitate engagement in physical activity, which could
lead to better physical fitness (PF). The aim of this study was to examine the reliability of the Croatian
version of two frequently applied PL questionnaires that evaluate knowledge and understanding,
perceived competence, environment, and value for literacy, numeracy, and PL and validity regarding
correlation with objectively evaluated PF in adolescents. Five hundred forty-four high school students
(403 females, 141 males) from Croatia were tested on PF (standing long jump, sit-ups for 30 s, sit-
and-reach test, multilevel endurance test) and two PL questionnaires. The reliability of the Croatian
version of the Canadian Assessment of Physical Literacy knowledge and understanding (CAPL-2-KU)
and PLAYself was good (α = 0.71–0.81 for PLAYself subscales, κ = 0.39–0.69 for CAPL-2-KU). Genders
differed in the self-description dimension of PLAYself, with higher results in boys (Z = 3.72, p < 0.001).
CAPL-2-KU and PLAYself total score were associated with PF in boys and girls, with PLAYself having
stronger associations with PF. This research supports the idea of PL as an essential determinant for the
development of PF, highlighting the necessity of the development of cognitive and affective domains
of PL in physical education throughout a specifically tailored pedagogical process.

Keywords: adolescent; exercise; sport pedagogy; physical education

1. Introduction

Lack of physical activity (PA) is considered a major public health problem in the 21st
century [1,2]. Moreover, most of the young population is not physically active; that is,
81% of children and adolescents do not have sufficient levels of PA [3]. Accordingly, the
physical fitness (PF) of adolescents is also very low, as it has direct connections with PA [4].
Due to the high incidence of insufficient PA worldwide, researchers hypothesized that
some determinant or link was affecting this PA deficiency [5,6]. Movement competence,
defined as skill development that assures efficient performance in various movements and
activities [7], might affect PA, but only a weak relationship was found between the two
variables [8]. Consequently, it led to the conclusion that a more complex construct than
movement competence is related to PA engagement [9]. One of the theoretically important
elements for developing and achieving lifelong participation in PA is physical literacy (PL).

PL is broadly defined as a “disposition to capitalize on our human-embodied capability
wherein the individual has the motivation, confidence, physical competence, knowledge,
and understanding to value and take responsibility for maintaining purposeful physical
pursuits and activities throughout the life course” [10]. PL consists of four domains: the
physical domain (physical competence), cognitive domain (knowledge and understanding),
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affective domain (motivation and confidence), and behavioral domain (engagement in
PA) [10]. The main principle of PL is an individual’s “ability to capitalize on the interaction
between physical competence and affective characteristics” [11]. What is important is that
it is theorized that the knowledge and understanding (K&U) facet can actually positively
influence other domains of PL, as it supports the awareness and valuing of developing
physical competence and can increase motivation and confidence for participating in
PA [12]. Since PL supports the progress of movement competence through psychological
components such as motivation and confidence [13], it was logical to consider PL as an
important determinant of PA as well. Supportively, it was evidenced that children with
higher PL scores had increased odds of meeting PA guidelines [14].

Although the importance and idea of PL are widely accepted, there is no global
consensus about the most proper form of the PL evaluation. As a result, authorities around
the globe have developed unique PL concepts and, consequently, specific PL assessment
tools [15–18]. Among others, the Canadian Assessment of Physical Literacy (CAPL) and
the Physical Literacy Assessment of Youth (PLAY) assessment tools are the most popular
and commonly used in research [15]. Although the PL concept is multidimensional, and
scientists believe that every component that determines PL should be examined, it is
often challenging to have the conditions and time to assess the overall PL. Therefore,
questionnaires that at least approximately determine the PL and individual PL domains
are also used [15,19].

The most commonly used questionnaires are parts of (i) CAPL-2 and (ii) PLAY tools;
(i) CAPL-2 knowledge and understanding questionnaire (CAPL-2-KU) and (ii) PLAYself
questionnaire [20,21]. Specifically, CAPL-2-KU assesses knowledge and understanding
by questions evaluating: (i) understanding of physical activity and sedentary behavior
recommendations, (ii) knowledge of movement and fitness parameters and procedures
for improving them, and (iii) perceptions of health [18,19]. Meanwhile, PLAYself includes
items assessing: (i) confidence and motivation, (ii) knowledge and understanding, and (iii)
environmental engagement ability [22]. Thus, from the brief overview of each questionnaire,
PLAYself and CAPL-2-KU most likely do not assess the same domain of PL and in the
same way.

It is evidenced that PL may facilitate an increase in PA and, therefore, directly impact
health [23,24]. For example, it has been recorded that children with higher PL had higher
physical fitness (PF) [25], which is an important indicator of health status [26]. Additionally,
PF is associated with lower abdominal obesity, decreased risk of cardiovascular disease, and
improved bone and mental health [27], and there is evidence that PF has strong relations
to metabolic risks in younger children [28]. Therefore, it could be theorized that PL can
influence PF and improve health in general in high school students who are still in the
developmental phase of their lives. However, although previous studies evidenced positive
correlations between PL and certain indices of overall health status, guidelines for PL
promotion in the context of promoting health are missing [23,29,30]. Thus, this connection
remained mostly theoretical, which means that future studies investigating, for instance,
the associations between PF (as a highly important indicator of health status in youth) and
PL domains are warranted.

Moreover, boys and girls tend to differ in PA and also in PF and PL. Specifically, boys
are generally more active, are more involved in sports activities, and, therefore, possess
better fitness status compared with girls [31]. Moreover, boys have higher scores in PL
but mostly in the physical competence and behavioral domains of PL [32,33]. Indeed,
several studies did not record the difference between boys and girls in the knowledge
and understanding, motivation, and confidence parts of PL [20,34]. Moreover, a study on
adolescents showed that girls had higher scores in the knowledge and understanding part
of PL than boys (t = −2.29, p < 0.05; 6.6 ± 1.2 vs. 6.3 ± 1.3) [35]. However, most of the
previous studies examining gender differences in PL have been conducted on younger
children (8–12 years old), while only a few studies investigated PL in older children and
adolescents—high school students [35,36].
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School authorities around the globe embraced the idea of developing PL as a primary
goal in physical education (PE), as students gain the knowledge and competence needed
to have an active and healthy lifestyle [11,37]. However, in the territory of southeastern
Europe, including Croatia, the PL concept has not been implemented thus far. At the same
time, indicators of PA and obesity in children and adolescents from Croatia and neighboring
countries are showing devastating figures, with youth from the territory being regularly
in the highest 10 percentiles when it comes to physical inactivity and obesity/overweight
in Europe [38]. Therefore, it is crucial to change the perspective and focus on alternative
concepts in the PE curriculum, which may include orienting toward PL as an important
determinant of overall health in children and adolescents. As a first step, it is necessary to
evaluate the applicability of the PL concept in a specific sociodemographic environment
in the territory while highlighting currently used standards of achievement within the PE
curriculum (i.e., PF standards) [39].

Therefore, the aims of the study were (i) to evaluate the reliability and applicability
of the Croatian version of two common PL measurement tools (e.g., PLAYself and CAPL-
2-KU) and (ii) to establish the validity of the applied questionnaires while establishing
(ii-a) gender differences in applied tools and (ii-b) the associations between the cognitive
and affective domains of PL and objectively measured health-related PF in high school
adolescents. Initially, we hypothesized that adolescents with better cognitive and affective
domains of PL would have better PF. Knowing the importance of the PL concept and the
sociocultural background in this region (including the similarity of the spoken languages),
we believed that the findings of the study would be broadly applicable in educational
systems of southeastern European countries.

2. Materials and Methods
2.1. Participants and Study Design

This research included 544 adolescents (403 females, 141 males) aged 14–18 years
attending two high schools in Osijek-Baranja County, Croatia. All students were in good
health and did not have any injury or illness during the investigation, which was deter-
mined by regular medical examination at the beginning of the school year. Students that
had any medical condition or injury were excluded from the study. Students regularly
participated in physical education classes twice a week. Students signed informed consent
before the study began and were introduced to the study’s aims and procedures. For
students under 18, parents or legal guardians signed informed consent. The study was
approved by the Ethical Board Faculty of the Kinesiology University of Zagreb, Croatia
(Ref. no.25/2021, date of approval 16 July 2021).

2.2. Variables and Measurements

The study included anthropometric variables, PF tests, and an assessment of the
cognitive and affective domains of PL. Anthropometrics and PF tests were performed in
a closed facility (school gymnasium) from 8:00 to 14:00 in the morning. All tests were
assessed by experienced evaluators: PE teachers with the highest levels of specialization
and experience in testing PF and cognitive and affective domains of PL.

Anthropometric variables included measurement of body mass (in 0.1 kg), body height
(in cm), and calculated body mass index (BMI = mass (kg)/height2 (m)) [40].

PF tests used in this study were part of the standard Croatian tests assessed in high
school and included the standing long jump (as a measure of power), sit-ups for 30 s (as
a measure of strength), sit-and-reach test (as a measure of flexibility), and a multilevel
endurance fitness test (as a measure of cardiorespiratory endurance). The reliability of the
tests in similar samples had been previously proven [41].

The standing long jump test was conducted on a standardized jumping mat with an
accuracy of one centimeter (Ghia Sport, Pazin, Croatia). Students had to perform a maximal
forward jump from a standing position by bending their knees and using an arm swing.
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The test was performed for three trials with 20–30 s of rest in between, and the best result
(longest jump) was taken in the analysis [42,43].

For the sit-up test, students had to perform a maximal number of sit-ups in 30 s. The
test started with students lying on their backs, with bent knees and palms on their thighs
and partners sitting on their feet. They had to lift their torso to pass the level of their
kneecaps with their hands. The result was the number of correct sit-ups in the 30 s [44,45].

The sit-and-reach test was conducted on a standardized wooden box. Participants
were sitting on the floor with extended legs, with the soles of their feet placed flat against
the box. They were instructed to bend forward and reach as far as possible on the measuring
tape placed on the box and hold a maximal position for 3 s. The test was performed for
three trials, and the best score (in cm) was taken as a result [46].

A multilevel endurance fitness test (beep test) was conducted using an alternative
15 m protocol. This test is usually performed on 20 m lines, but its utility has been proven
even at 15 m distances in children and adolescents [47]. Students had to run between two
points (cones) 15 m apart in time to recorded beeps. They started at the first interval at a
speed of 8.5 km/h, which increased by 0.5 km/h with each level. When participants failed
to reach the cone in time, the test was ended for them. The highest level reached was taken
as the result of this test [48].

The CAPL-2 knowledge and understanding questionnaire (CAPL-2-KU) and PLAYself
questionnaire were used to assess the cognitive and affective domains of PL. Questionnaires
were completed on the online platform Survey Monkey (SurveyMonkey Inc., San Mateo,
CA, USA). Original versions of CAPL-2-KU and PLAYself were translated into the Croatian
language by two experienced researchers. The third researcher back-translated the Croatian
version into the English language, and the English-speaking researcher evaluated the back-
translated version. Items that were not clear to two experienced PE teachers were corrected,
and the final Croatian versions of PL questionnaires were made.

The CAPL-2-KU questionnaire consisted of 12 questions, including guidelines for
daily physical activity and daily sedentary time, the definition of cardiorespiratory fitness
and muscular strength, understanding of fitness and impact on physical activity, methods
of skill, and fitness improvement. Each question had four provided answers; a correct
answer was scored as 1, and an incorrect answer was scored as 0. The maximum possible
result was 12 points. This questionnaire was proven to be feasible, reliable, and valid in
Canadian children [19]. However, since this was the first study where CAPL-2-KU was
used in the Croatian language (please see before where we explained translation-back
translation), the questionnaire was applied twice in a time frame of 7 days in order to
evaluate the test–retest reliability of the measurement tool.

The PLAYself questionnaire is part of the PLAY tools and is used to establish the
perceived level of PL of children and adolescents. PLAYself has four subsections: (i) en-
vironment, assessing the degree of movement confidence in different environments (e.g.,
activities in the gym, in and on the water, on the snow); (ii) PL self-description measure of
affective and cognitive aspects related to PL that determines an individual’s self-efficacy
and its relation to their participation in PA, including questions such as “It does not take
me long to learn new skills, sports or activities”, “I think that being active is important
for my health and well-being”, and “I understand the words that coaches and PE teachers
use”; (iii) relative ranking of literacy, numeracy, and physical literacy in different settings
including school, at home, and with friends, which examines how much an individual
values each literacy; and (iv) fitness, which is determined by the question “My fitness
is good enough to let me do all the activities I choose” and is not included in the final
score. The final score consists of subtotals from the first three subsections divided by the
number of questions. The maximum PLAYself score is 100, representing high self-perceived
PL [21]. PLAYself demonstrated good psychometric properties in adolescents [22], but in
this study, the Croatian version of the questionnaire was applied twice (test–retest) in a
period of 7 days in order to evaluate the reliability of the applied Croatian version of the
questionnaire.
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2.3. Statistical Analyses

The normality of the variables was tested with the Kolmogorov–Smirnov test. The
internal consistency of subsets of the PLAYself questionnaire (i.e., environment, self-
description, relative ranking of literacies) was estimated by Cronbach’s alpha coefficients
(α) for both test and retest. In general, α-values indicate the correlation between items;
thus, high α-values justify summarizing the items into one subscale. Accordingly, α-
values were considered as: unacceptable ≤ 0.5; poor ≥ 0.5–0.60; questionable ≥ 0.60–0.7;
acceptable ≥ 0.70–0.8; good ≥ 0.80–0.9; excellent ≥ 0.90 [49]. The test–retest reliability
of PLAYself total scores and subsets was checked by intraclass correlation coefficients
(ICCs) followed by 95% confidence intervals (CIs) and a two-way mixed-effect model
with absolute agreement. ICCs were interpreted as: poor ≤ 0.5, moderate = 0.5–0.75,
good = 0.75–0.9, excellent ≥ 0.90 [50].

For estimating the test–retest reliability of the CAPL-2-KU questionnaire, due to
response data being dichotomous, weighted Cohen’s kappa coefficients (κ) with 95% CI
and percent of the overall agreement (p0) were calculated for each question. κ-values
were interpreted as slight = 0.00–0.20, fair = 0.21–0.40, moderate = 0.41–0.60, substantial =
0.61–0.80, and almost perfect = 0.81–1.00, and p0 ≥ 80% was considered as acceptable [51].

After checking the reliability of the questionnaires, further statistical analyses were
applied in order to evaluate the validity of the applied PL questionnaires. In the first
phase, the construct validity was determined by factor analysis utilizing the principal
component analysis extraction—Guttman–Kaiser criterion of extraction with a Varimax
raw rotation. The Mann–Whitney U test was used to determine the differences between
boys and girls in all variables. The discriminant validity of the PL questionnaires was
assessed by determining whether boys and girls deferred in the PL scores. Then, Pearson’s
correlation coefficients were calculated to determine the association between CAPL-2-
KU and PLAYself (total score) questionnaires (convergent validity). Further, Pearson’s
correlation coefficients were calculated to determine the association of both questionnaires
with PF indices, which was done for the total sample and gender-stratified. All correlation
analyses were controlled for age as a covariate, knowing the possible influence of students’
age on PF and PL. Pearson’s R was interpreted as very weak = 0.00–0.19, weak = 0.20–0.39,
moderate = 0.40–0.69, strong = 0.70–0.89, very strong correlation = 0.90–1.00 [52].

Statistical package Statistica ver.13 (Palo Alto, CA, USA) was used for all analyses,
and a p-level of 0.05 was applied.

3. Results
3.1. Reliability and Validity of the PLAYself and CAPL-2-KU Questionnaire

The reliability of the PLAYself is shown in Table 1. The PLAYself had acceptable-to-
good internal consistency. Precisely, α-values for the environment subsection consisting of
six items were acceptable at test and retest. Self-description subset (consisting of 12 items)
had acceptable and good α-values at test and retest, respectively. The subsection relative
ranking of literacy, numeracy, and physical literacy had good α-values at test and retest.

Table 1. Internal consistency and test–retest reliability of the PLAYself questionnaire.

Variable Test Retest Test–Retest Reliability

α α ICC 95% CI

PLAY environment 0.71 0.77 0.82 0.76 to 0.86

PLAY self-description 0.76 0.81 0.87 0.82 to 0.90

PLAY literacy 0.76 0.74 0.59 0.47 to 0.69

PLAY numeracy 0.79 0.75 0.66 0.56 to 0.74

PLAY physical literacy 0.77 0.71 0.53 0.41 to 0.64

PLAYself total score 0.85 0.79 to 0.89
Legend: α = Cronbach’s alpha coefficient; ICC = intraclass correlation; 95% CI = 95% confidence interval.
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The intraclass correlation coefficient (ICC) was good for the total PLAYself score
(ICC = 0.85). Environment subsection had good test–retest reliability (ICC = 0.82), self-
description subset had good reliability (ICC = 0.87), while the subsection relative ranking
of literacy, numeracy, and physical literacy had moderate reliability (ICC = 0.59, 0.66, 0.53,
respectively).

The reliability of the CAPL-2-KU is shown in Table 2. Following dichotomization in
the CAPL-2-KU, of 12 items, two had substantial (κ = 0.67 to 0.69), four had moderate
(κ = 0.44 to 0.49), four had fair (κ = 0.30 to 0.39), and two had slight (κ = 0.14 to 0.20) test–
retest reliability. According to the percent of absolute agreement, six items had acceptable
reliability (p0 = 84.87 to 93.42%), while the other six items had somewhat lower agreement
(p0 = 70.39 to 77.63%). It is important to note that several items with slight κ-values had
high p0 (e.g., κ = 0.14 with p0 = 93.42).

Table 2. Test–retest reliability of the CAPL-2-KU questionnaire.

Item κ (95% CI) Test–Retest % Agreement (p0)

Q1 0.69 (0.57 to 0.81) 85.53

Q2 0.67 (0.55 to 0.80) 84.87

Q3 0.30 (0.08 to 0.44) 77.63

Q4 0.20 (−0.03 to0.43) 86.18

Q5 0.44 (0.30 to 0.59) 73.03

Q6 0.46 (0.31 to 0.62) 77.63

Q7 0.39 (0.24 to 0.55) 73.68

Q8 0.32 (0.16 to 0.47) 70.39

Q9 0.36 (0.19 to 0.53) 76.97

Q10 0.14 (−0.14 to 0.43) 93.42

Q11 0.49 (0.30 to 0.68) 86.84

Q12 0.45 (0.24 to 0.65) 86.84
Legend: κ = Weighted kappa coefficient; 95% CI = 95% confidence interval; Q1 = Physical activity guidelines;
Q2 = Sedentary behavior and screen time guidelines; Q3 = Cardiovascular fitness definition; Q4 = Musculoskeletal
fitness definition; Q5 = Importance of having fun during physical activity; Q6 = Importance of physical activity in
general; Q7 = Knowledge of muscle endurance; Q8 = Knowledge of muscle strength exercises; Q9 = Knowledge
of when to perform stretching exercises; Q10 = Knowledge of the meaning of pulse, heartbeat; Q11 = Knowledge
of how to improve sports skills; Q12 = Knowledge of how to get in better shape.

The construct validity of the PLAYself questionnaire, i.e., its five subscales, was
confirmed. Precisely, factor analysis extracted two significant factors. The first factor
explained 37.53%, and the second factor explained 31.46% of the variance (Table 3).

Table 3. Factor analysis of the PLAYself questionnaire.

Factor 1 Factor 2

PLAYself environment 0.84 0.00

PLAYself self-description 0.91 0.09

PLAYself literacy 0.06 0.83

PLAYself numeracy 0.07 0.83

PLAYself physical literacy 0.58 0.44

FV 1.88 1.57

PT 0.38 0.31
FV—Factor variance; PT—Proportion of the explained variance.
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3.2. Gender Differences in Fitness and Physical Literacy Results

Gender differences in anthropometry, fitness, and physical literacy results are shown
in Table 4. Boys were taller and had greater body mass and body mass index than girls.
Boys achieved better results in all fitness tests except for flexibility, where girls reached
better scores (Table 4).

Table 4. Descriptive statistics and differences between boys and girls in physical literacy, anthropom-
etry, and fitness variables.

Boys (195) Girls (403) MW–U Test

Mean SD Mean SD Z-Value p

Body height (cm) 180.65 7.2 167.58 8.05 16.32 0.001

Body mass (kg) 73.3 15.18 60.5 12.48 11.01 0.001

Body mass index (kg/m2) 22.42 4.27 21.52 3.95 3.21 0.01

Standing long jump (cm) 213.2 33.46 168.87 25.95 14.76 0.001

Sit-and-reach (cm) 7.22 8.04 12.71 11.18 −7.54 0.001

Sit-ups (n) 68.68 38.83 51.79 12.22 11.26 0.001

Beep test (level) 11.6 3.24 7.89 2.47 12.53 0.001

CAPL-2-KU 8.63 2.19 8.52 2.22 0.52 0.6

PLAYself total score 69.29 13.05 67.66 12.96 1.94 0.05

PLAYself environment 52.07 17.57 49.87 16.54 1.62 0.11

PLAYself self-description 74.26 17.22 68.77 17.12 3.72 0.001

PLAYself literacy 74.5 20.45 82.97 18.06 −4.72 0.001

PLAYself numeracy 63.06 24.61 64.19 23.89 −0.36 0.72

PLAYself physical literacy 84.88 17.62 87.02 17.3 −1.49 0.17
MW–U = Mann–Whitney U test; SD = Standard deviation.

Boys and girls achieved similar scores in CAPL-2-KU (scores of 8.63 and 8.52, p > 0.6)
and PLAYself total score (scores of 69.26 and 67.66, p > 0.05) (see Table 4). Significant
gender differences were found in PLAYself subdomains: boys had greater results in the
subdomain of self-description (scores of 74.26 and 68.77, respectively; p = 0.001), while girls
had greater results in the subset of ranking of literacy (scores of 82.92 and 74.5, respectively;
p = 0.001), which confirmed the discriminant validity of the questionnaire. PLAYself and
CAPL-2-KU were not intercorrelated in the total sample (R = 0.03), in boys (R = 0.1), and in
girls (R = 0.01).

For the total sample, CAPL-2-KU was associated with sit-and-reach (R = 0.10) and
sit-ups (R = 0.11). PLAYself had stronger associations with fitness variables (R = 0.27 to
0.48). However, due to previously mentioned significant differences between boys and girls
in fitness, more specific insight on the associations between fitness and PL is evidenced in
gender-stratified correlational analyses (Table 5).

Correlations between PL questionnaires and fitness status in boys is presented in
Table 5. Specifically, CAPL-2-KU was significantly associated only with the sit-and-reach
test (4% of the common variance) in boys. Meanwhile, fitness tests (standing long jump,
sit-ups, and beep test) were significantly associated with PLAYself total score (3% to 17% of
the common variance), subsection of environment (4% to 17% of the common variance),
self-description (5% to 25% of the common variance), and ranking of physical literacy (8%
to 8% of the common variance).

For girls, CAPL-2-KU had only low correlation (R = 0.11) with the beep test. Further,
all physical fitness tests were associated with PLAYself total score (3–18% of the common
variance), subsection of environment (3% to 12.5%), self-description (4–26% of the common
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variance), and ranking of physical literacy (1% to 5% of the common variance) in girls
(Table 5).

Table 5. Pearson’s correlation coefficients between physical literacy questionnaires.

Variable Body Height Body Mass BMI Standing Long Jump Sit-and-Reach Sit-Ups Beep Test

Total sample (n = 544)

CAPL-2-KU 0.00 0.02 0.02 0.05 0.10 * 0.11 ** 0.11

PLAYself total score 0.02 −0.06 −0.10 * 0.29 *** 0.11 ** 0.37 *** 0.42

PLAYself environment 0.04 −0.04 −0.07 0.27 *** 0.10 * 0.34 *** 0.36

PLAYself
self-description 0.10 * −0.05 −0.13 *** 0.38 *** 0.08 0.46 *** 0.51

PLAYself literacy −0.20 *** −0.08 0.01 −0.15 *** 0.09 * −0.09 * −0.10

PLAYself numeracy −0.04 0.00 0.01 0.03 0.05 −0.03 0.01

PLAYself physical
literacy −0.08 −0.05 −0.02 0.06 0.06 0.10 ** 0.18

Boys (n = 141)

CAPL-2-KU 0.05 0.09 0.08 0.03 0.19 ** 0.13 0.13

PLAYself total score −0.14 −0.04 0.01 0.16 * 0.06 0.40 *** 0.45 ***

PLAYself environment −0.06 −0.01 0.02 0.19 ** 0.05 0.37 *** 0.44 ***

PLAYself
self-description −0.11 −0.10 −0.07 0.23 *** 0.05 0.47 *** 0.52 ***

PLAYself literacy −0.09 0.10 0.14 −0.11 −0.01 −0.04 −0.07

PLAYself numeracy −0.06 0.03 0.05 −0.09 0.01 −0.13 −0.11

PLAYself physical
literacy −0.16 0.00 0.06 0.07 0.10 0.29 *** 0.28 ***

Girls (n = 403)

CAPL-2-KU −0.04 −0.03 −0.02 0.06 0.07 0.10 0.11 *

PLAYself total score 0.01 −0.15 ** −0.18 *** 0.40 *** 0.19 *** 0.38 *** 0.48 ***

PLAYself environment 0.02 −0.13 ** −0.15 ** 0.35 *** 0.18 *** 0.35 *** 0.35 ***

PLAYself
self-description 0.05 −0.16 ** −0.20 *** 0.44 *** 0.19 *** 0.44 *** 0.53 ***

PLAYself literacy −0.11 ** −0.06 −0.02 0.00 0.05 0.04 0.06

PLAYself numeracy −0.03 −0.02 −0.02 0.11 0.08 0.04 0.11

PLAYself physical
literacy −0.03 −0.06 −0.06 0.12 0.03 0.07 0.23 ***

Legend: * p < 0.05; ** p < 0.01; *** p < 0.001; BMI = Body mass index.

4. Discussion

The most important findings in our research are as follows. First, Croatian versions
of the CAPL-2-KU and PLAYself are appropriately reliable. Next, results obtained for
CAPL-2-KU and PLAYself questionnaires are not intercorrelated. Moreover, there were no
differences between boys and girls in the applied PL questionnaire, except in the dimension
of self-description where boys had higher results than girls.

4.1. CAPL-2-KU and PLAYself—Reliability and Construct Validity of the Croatian Versions

Both CAPL-2-KU and PLAYself questionnaires had appropriate reliability. Specifically,
CAPL-2-KU total score had moderate test–retest reliability, while individual questions had
fair-to-substantial reliability and an acceptable overall percentage of agreement. Precisely,
questions regarding physical activity (Q1) and screen time guidelines (Q2) had substantial
reliability, while questions regarding musculoskeletal fitness (Q4) and knowledge of the
meaning of pulse–heartbeat (Q10) had slight reliability. Most probably, tested children
have appropriate knowledge of physical activity guidelines (Q1 and Q2), while their

258



Children 2022, 9, 796

theoretical knowledge of musculoskeletal fitness (Q4) is somewhat lower and, thus, less
consistent. Supportively, the original version of CAPL-2-KU showed moderate test–retest
reliability in Canadian children aged 8–12 years [19]. They also reported low reliability of
the question regarding how to get in better shape, and the authors explained it by possibly
misinterpreting the question.

The Croatian version of the PLAYself questionnaire had acceptable-to-good inter-
nal consistency and moderate-to-good test–retest reliability. Such results are also in line
with previous studies where the authors examined the reliability of the PLAYself [22,53].
Specifically, good internal consistency and moderate test–retest reliability were reported for
PLAYself in children aged 8–14 years [22]. Meanwhile, the study by Caldwell, Di Cristofaro,
Cairney, Bray, and Timmons [53] recorded questionable-to-good internal consistency of
PLAYself environment, self-description, and ranking of literacies subsections in children
aged 8.4–13.7 years.

The factor analysis confirmed the construct validity of the PLAYself questionnaire and
its subscales. Two factors were extracted. Factor one was correlated with the environment
and self-description subscales, indicating that these two subscales define similar constructs
of PL. The second factor was associated with the ranking of two literacies—numeracy and
literacy—meaning that they determine the ranking of literacies. Thus, it can be concluded
that the Croatian version of the PLAYself questionnaire has good construct validity, which
is in accordance with a study that also showed good psychometric properties, including
the convergent validity, of the PLAYself questionnaire in Canadian children and youth [22].

4.2. CAPL-2 Knowledge and Understanding and PLAYself

As PL has become an important and widely investigated concept, numerous defi-
nitions of PL exist to date [15]. Accordingly, as PL assessment depends on how PL is
defined, various PL assessment tools are also used. Although our finding on the lack of
correlation between CAPL and PLAYself may seem surprising at first glance, it is actually
in line with the main idea that PL is a generally complex concept and that various com-
ponents/domains contribute to overall PL [10]. Having that in mind, in the explanation
of the evident independence of CAPL-2-KU and PLAYself, a brief overview of definitions
and assessment procedures of the two observed measurement tools is provided in the
following text.

CAPL-2 was developed by the Healthy Active Living and Obesity Research Group,
and the authors used Whitehead’s definition of PL: “the motivation, confidence, physical
competence, knowledge and understanding that individuals develop in order to maintain
physical activity at an appropriate level throughout their life” [13]. Knowledge and under-
standing are considered the core elements of the cognitive domain of PL, and Ennis [54]
argued that knowledge and understanding provide the basis for recognizing and knowing
what, when, and how to perform physical activity and believed that they comprise the heart
of the PL concept. The CAPL-2-KU includes questions on physical activity and sedentary
behavior recommendations, knowledge of fitness, and related terms; that is, it is mainly
based on the theoretical knowledge of PA and its importance [19].

On the other hand, PLAYself is a part of the Physical Literacy Assessment for Youth
(PLAY) tools developed by the Canadian Sport for Life Society [21]. The authors of PLAY
tools believe that “people who are physically literate have the competence, confidence,
and motivation to enjoy a variety of sports and physical activities” [21]. PLAY consists of
several tools, and one of them is a PLAYself questionnaire used for the self-description
of PL in children and youth. Specifically, as explained in Methods, PLAYself consists of
three subscales that make up the final score (environment, self-description, ranking of
literacies) [22]. Thus, PLAYself assesses the cognitive and affective domains of PL, with a
special emphasis on perceived competence, which is related to participating in a greater
variety of activities and sports [34].

Therefore, although both are oriented toward PL in general, CAPL-2-KU and PLAYself
seem to assess different domains of PL in different ways. Briefly, CAPL-2-KU mainly
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assesses theoretical knowledge of PA, sedentary behavior, and definitions regarding various
aspects and forms of PA and is primarily oriented toward the cognitive domain of PL. On
the other hand, PLAYself is more oriented toward the cognitive and affective domains of PL
(i.e., self-description and perceived competence for PA). Supportively, it is already theorized
that PLAYself does not properly assess the understanding of PA [15]. Therefore, the lack of
correlation between these two measurement tools is understandable. This is additionally
discussed later when correlations between fitness status and PL are contextualized.

4.3. Physical Literacy and Gender

Considering the significant gender differences in fitness status (e.g., boys achieved
better results in all tests but flexibility), a result showing no evident gender differences
in PL could be somewhat surprising. Briefly, because of the evident superiority of boys
in fitness status, it would be expected that girls would (objectively) perceive their PL
as (also) lower (in Croatia, boys and girls participate together in PE classes). However,
irrespective of mixed PE classes, fitness norms (standards) in the Croatian educational
system are standardized for each gender, which allows children to objectively evaluate
their achievement in comparison to their gender. Therefore, it is possible that both boys
and girls self-evaluated and reported even their PL while comparing themselves within
their own gender.

Indeed, it has been reported that children and adolescents are good at judging them-
selves against others from their age and gender groups and are probably forming more
precise appraisals of their own ability [55]. A study of Caldwell et al. (2021) did not
record differences between boys and girls in confidence, motivation, and knowledge about
PL, as assessed by the PLAYself questionnaire [53]. Additionally, there were no gender
differences in the motivation and confidence and knowledge and understanding domains
assessed with CAPL-2 in Canadian children [20], which altogether support our findings
and discussion.

Despite the non-significant difference in overall PL, when the self-description subset
of PLAYself was specifically observed, boys had higher scores than girls. In the study of
Kozera [56], boys had significantly higher PL self-description scores than females (mean
difference 2.54), mainly due to lower scores for questions related to competence and
enjoyment in females. Moreover, the study by Jefferies, Bremer, Kozera, Cairney, and
Kriellaars [22] reported that PLAYself self-description was associated with general sport
competence in adolescents aged 8–14 years [22]. However, this is understandable because
the self-description subset consists of questions covering self-perceived competence for
playing sports or engaging in physical activities, while boys are consistently more involved
in sports and physical activities than girls and logically feel more competent in sporting
activities [57]. One could argue that the previously explained mechanism of “within-gender
comparison” could appear here also, but this is not likely because of the mixed PE classes
in Croatia, where boys and girls often play sports together, which leaves no doubt about
better competence in boys.

4.4. Physical Literacy and Its Association with Physical Fitness

Our results show that PL is positively associated with PF in high school children,
which is generally in accordance with previous studies conducted with somewhat younger
adolescents and children [25,34]. Specifically, a study by Caldwell et al. (2020) reported an
association between PL assessed by PLAY tools and aerobic fitness in children 9–12 years
old [34]. Additionally, Lang et al. (2018) showed a significant association between car-
diorespiratory fitness and all four domains of PL assessed by CAPL-2 in Canadian children
8–12 years old [25]. The association between PL composite scores and PF is logical and sup-
ports the importance of PL in improving PF and health in general. However, in our study,
PLAYself displayed higher associations with PF indices than CAPL-2-KU. The possible
explanation is discussed in further text.
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Previous studies displayed an association between the PLAYself subset of
self-description and PF. In brief, cardiovascular fitness, jumping capacity, and abdom-
inal strength were significantly associated with PLAYself, meaning that adolescents with
better fitness status have higher self-perception of their physical capabilities [22]. Moreover,
PLAYself was related to health-related fitness assessments, including speed and 20 m
shuttle run tests in children and adolescents [56]. This supports the notion of an interre-
lationship between actual competence (i.e., objectively measured PF) and self-perceived
competence assessed by the PLAYself. In the meantime, CAPL-2-KU is oriented more
toward the cognitive domain of PL, which also should be related to PF as well (i.e., better
knowledge on PF would logically be related to better objectively measured PF). However,
in our study, the association between CAPL-2 KU and PF is evidently low (although sta-
tistically significant, but this was due to a large number of subjects and a large number of
degrees of freedom). Similarly, in the study conducted on Canadian children aged 8–12
years, the physical competence domain had the strongest, while the K&U domain had the
weakest associations with fitness status [25]. The reason for the relatively low association
should be found in the fact that the Croatian PE curriculum still ignores the necessity of
improving knowledge and understanding as one of the crucial domains of PL itself. The
authors of the study as PE teachers and academicians can witness that the PE curriculum
in Croatia is mainly focused on the development of motor competencies (i.e., motor skills
and fitness status), while the improvement of overall “theoretical” knowledge related to
PA, its overall importance in everyday life, and its associations with health status is lacking.
Therefore, it is not surprising that the association between the K&U domain of PL and PF is
lower than the association between PLAYself and PF in Croatian adolescents.

4.5. Limitations and Strengths

The main limitation of this study is that we conducted the PL assessment only by
questionnaires that evaluated only the cognitive and affective domains of PL. The reason
for this is that in Croatia, thus far, the concept of PL practically does not exist, and this is
one of the first studies investigating this issue in the country and region. Thus, at first, we
included only questionnaires for the preliminary assessment of PL in Croatian adolescents.
Indeed, this study is a preliminary investigation of PL in Croatia, which will provide a basis
and act as a cornerstone for further studies investigating PL in more detail and including
other (all) domains of PL.

This is one of the first studies in southeastern Europe and probably the first one in
Croatia that assessed PL in adolescents using two different PL questionnaires. Further-
more, one of the strengths of this research is that we validated applied questionnaires by
correlating them to an extensive battery of objectively measured fitness tests. Additionally,
the included fitness tests could be considered as an assessment of the physical competence
domain of PL in future studies (at least as a part of the physical competence domain of
PL assessments). As authors are directly involved in the PE curriculum in the country, we
believe that those standardized fitness tests that are already implemented in the Croatian
PE classes could be considered valid for assessing the physical domain of PL, as they are
similar to several PL physical tests already implemented in PL assessment tools (CAPL-2
and PLAY tools).

5. Conclusions

Croatian versions of PLAYself and CAPL-2-KU assessment tools showed appropriate
reliability. Therefore, applied PL questionnaires can be used in the evaluation of different
PL domains in children from Croatia but also in the whole region of southeastern Europe
where similar languages are spoken.

The validity of the applied questionnaires is confirmed by throughout analysis of
associations between PL assessment tools and objectively measured PF. In brief, since PF is
associated with PL in Croatian adolescents, we may support the assumption/theory that
PL is an essential determinant for the development of PF.
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The finding that the PF level is not strongly related to the cognitive domain of PL,
assessed with the PL questionnaire regarding knowledge and understanding of PA, is
worrying. This points to a problem in Croatia’s school and sports system, which is almost
exclusively based on the development of PF and motor skills. On the other hand, the
cognitive domain of PL seems to be inadequately developed both through the PE school
curriculum and sports system. Therefore, we can conclude that the PE curriculum should be
adapted and include a specifically tailored pedagogical process aimed at the improvement
of different facets of PL.

The improvement of knowledge about the determinants of PA, together with the
development of motor skills and the application of PA, should be the basis of the PE
curriculum and the development of PL. Therefore, this research is of significant practical
importance because it indicates the need for the integration and development of PL in
PE teaching. Furthermore, this research calls attention to the importance of conducting
future research in the region while also examining the paradigm of PL and investigating
this concept in relation to other health determinants, such as PA.
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38. Di Cesare, M.; Sorić, M.; Bovet, P.; Miranda, J.J.; Bhutta, Z.; Stevens, G.A.; Laxmaiah, A.; Kengne, A.-P.; Bentham, J. The
epidemiological burden of obesity in childhood: A worldwide epidemic requiring urgent action. BMC Med. 2019, 17, 212.
[CrossRef] [PubMed]

39. O’ Keeffe, B.T.; MacDonncha, C.; Ng, K.; Donnelly, A.E. Health-Related Fitness Monitoring Practices in Secondary School-Based
Physical Education Programs. J. Teach. Phys. Educ. 2020, 39, 59–68. [CrossRef]

40. Nuttall, F.Q. Body Mass Index: Obesity, BMI, and Health: A Critical Review. Nutr Today 2015, 50, 117–128. [CrossRef]
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Abstract: The general development of the sports world has guided researchers in sports science to
study excellence in sports performance, namely, the study of the characteristics and requirements
specific to each sport. However, in order to meet these requirements, each individual must have a
set of specific characteristics similar to those of the group to which he/she belongs. The variables in
the study are related to the psychomotor abilities and psychological aspects that could influence the
overall performance of junior III handball players. The main work instruments are related to field
testing and psychological characteristics measurement. For psychomotor abilities, we used means
such as the TReactionCo software (eye–hand coordination), Just Jump platform (dynamic balance),
Tractronix system (general dynamic coordination), and Illinois test (spatial-temporal orientation), and
for the psychological characteristics, we used the Motivational Persistence Questionnaire. In addition,
the result of the study is represented by new software that we created in order to better observe the
level of development of these characteristics in junior handball players. From a statistical point of
view, we calculated the correlations between psychomotor abilities and psychological characteristics
using ANOVA in order to see field position differences and performed linear regression for the
variables of this study.

Keywords: handball; motor capacity; psychological characteristics; junior players; software creation

1. Introduction

The handball game, due to its complexity, requires and is equally part of the im-
provement of the motor manifestation mode during matches from the perspective of
two components.

Players must be mentally prepared to cope with psychological discomfort resulting
from the stressful effects of competitions, training periods in isolated areas, the monotony
of training, affected interpersonal relationships, or even conflict situations.

Sport psychology, as a branch of psychology applied in our field, has the objective of
studying the adaptations of people’s mental processes, needs for competitive activity, and
training periods.

All stages of sports training, especially in the current period, contain an increased
level of difficulty in the context of interdisciplinary and psychological contributions [1,2].

An individual or collective investigation from a psychological point of view can
establish the level at which the athlete is able to fulfill or demonstrate as effectively as
possible the skills, knowledge, and degree of training, all of which are related to the level
of competition.

The psychology of sports activities, as a precisely directed scientific discipline, ad-
dresses and studies the educational and intellectual processes of athletes engaged in sports
activities, with behavior and motor reaction being precisely pursued goals.

In order to obtain the best possible performance, motor activity presents physical and
mental demands, and the maximum effort alternates between these two spectra of the
performance of players.

265



Children 2022, 9, 767

The main purpose of this work is to highlight correlations between the psychological
characteristics and psychomotor abilities of junior handball players. The main mental
aspects that we chose were represented by motivational persistence, self-discipline, and
planning capacity.

Firstly, we chose to assess motivational persistence because it can be an important
factor that can help players to continue their activity at a higher level of performance, even
if we are talking about junior players. Motivation mainly concerns behaviors focused on
fulfilling personal goals such as joy, curiosity, satisfaction, and interest. All of these are
integrated with the inner self and correspond to the value system of the athlete [3].

Secondly, self-discipline can be an important aspect in team sports and is characterized
by the capacity of players to assess the situation that they face daily according to the
necessities of the game.

This psychological characteristic has a much greater influence than the close follow-up
of training, level of training, and skill development because a handball player must have
mental self-discipline in order to make the best decisions in unpredictable environments
where competitiveness is extremely high [4].

Thirdly, planning capacity has great importance in playing team handball because of
the influence that it can have in daily situations that a team and the players experience.
According to sports psychologists such as [5], planning should be conducted in accordance
with physical training. First of all, together with the athlete and coaches, sports psycholo-
gists study the main objectives of each training cycle in order to be able to fulfill a series of
mental objectives that are established.

The game of handball, as a performance sport, requires intense effort from players
due to the extremely difficult demands of training and competitions that require maximum
concentration, in addition to all of the physical, volitional, and mental abilities.

Sports performance, like human performance in general, is determined by logical,
emotional, and creative activities of the spirit of athletes and plays a key role in obtaining
the best indices of motor manifestation [6].

The main goal of high performance in sports activities is considered the borderline
activity of human possibilities and multilateral mental and physical processes that evolve
simultaneously with the athlete.

In recent years, the study of performance in sports based on anthropometry has
shown [7]:

1. How morphological prototypes are important for success within and among the sports
phenomenon;

2. An increased morphological variability in some sports compared to other disciplines
or sports;

3. Athletes who own or who by specific means obtain an optimal anthropometric profile
for a specific sporting event are more likely to achieve success;

4. Morphological optimization is useful for assessing training status and talent selection
at both female and male levels.

The intensity of this sport varies between walking, moderate running, short-distance
sprints, lateral movements, and forward/backward movements, so an increased level of
specific endurance is critically needed to maintain an optimal degree of play throughout
the match [8,9].

We can say that, along with body mass, other anthropometric characteristics have
been shown to be crucial for sports activities and thus achieving performance in the game
of handball [10], as well as in other team sports such as volleyball, football, and rugby [8].
For example, throwing can be seen as the most important technical action that players
perform [11–13] and is dependent on the arm’s ability to achieve a sufficient degree of
acceleration so that the ball leaves the hand at the maximum possible speed.

Based on the anthropometric measurements of handball players presenting different
levels of practicing this sport, it was concluded that, among the players analyzed, those
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who showed a higher level of performance were the tallest with a large wingspan and an
optimal body mass with low proportions of fat [14].

The analysis of the entire kinematic chain at the time of throwing is seen as an imprac-
tical means of evaluation, with joint mobility being a common method of quantification
using traditional goniometric measurements of the area of movement. Few studies have
deepened these types of measurements and their influence on mobility, and statistically
insignificant results can be found in the reports of specialized studies [7,15].

Skills such as obtaining visual information about a moving object (ball and opponents)
and a high degree of oculomotor coordination are advantages for players, as it allows them
to react to external stimuli more effectively by adapting their whole body according to the
situation in the field [14]. Other studies conducted showed that perceptual skills combined
with a good ability to anticipate movements and distribute attention can lead to success in
this team sport [16].

Competitions in sports games take place in environments that differ in space and time,
aspects that condition the wave of information provided by opponents, and a good decision-
making ability allows athletes to move on the playing surface in the best circumstances.

Authors have stated the importance of the reaction time arising from oculomotor
coordination for obtaining victories [17–19]. The evaluation of the reaction time of athletes
revealed that the teams that obtained positive results had a much higher index of reaction
time, which led to winning matches.

New training methods are focused on good physical training, which is achieved by
using methods and means similar to game situations and from the perspective of the
psychological aspects required by the modern version of this sport [20].

Experts in this sport and coaches analyze the efficiency of the players that they train
through standardized methods for each competition, so they can accurately determine the
contribution of each player to the success of the team, as well as the team in general [21].

The explosive force on the lower limbs is responsible for performing various variations
of jumping, speed running, and acyclic movements in the handball game. In this sport, a
player must generate forces with different variations in intensity (throwing or fighting for
positions on the field) [22]. This is why a differentiated load in each training session must
be included for the development of maximum strength. Vertical jumps are predominant in
performing most technical and tactical tasks in handball. Impulse jumps on both legs are
much more common in the defensive phases (blocking the balls thrown by the opponent).

The application of different methods and means for improving the explosive force
had a positive result in the case of juniors but also for those who practice this sport at
a high level. The most common method for improving vertical jumping is plyometric
training [1,23], followed by neuromuscular and proprioceptive training.

If we are to analyze the awareness of sports specialists, we can notice that it has
increased with regard to the role of personality in developing sports performance. In
competitive sports, such as handball, the players and trainers are on the lookout for
better performance; therefore, great efforts are made in order to enhance the player’s
achievements. While trying to obtain better performance, the actual performance of the
athletes is constantly evolving alongside their psychological characteristics [24].

Further research has focused on the diversity of psychological profiles and psychologi-
cal characteristics such as motivation, mechanisms involved in coping with stress, and the
adaptation skills of different athletes by age, gender, and sport type [6,25–28].

In our domain (sports science), a nomothetic approach is more frequently used. Do-
main specialists that have the same view focus on the socio-demographics and sports
characteristics of athletes and carry out comparisons by age, gender and sport type [29–32].

Alongside the assessment of some basic somatic parameters [12,33,34], motor
skills [35,36], and sports seniority [36,37], it seems imperative to realize evaluations of
psychomotor abilities.

Aspects such as the prediction of the adversary’s movements with or without the ball,
attention, choosing the appropriate response, perception, and high levels of sensory and
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motor fitness are some elements that can help a team win the game [19,38]. With the aid
of these psychomotor abilities and by gathering visual information through a high level
of eye–hand coordination, players can react to external stimuli with more efficiency and
adapt their movements according to situations that happen on the court [39].

As work objectives, we identified the most important ones, such as:

• Assessing the level of development of certain psychomotor characteristics;
• Identifying the most important psychological characteristics that could influence the

activity of junior handball players;
• Creating a performance profile of junior III handball players;
• Creating a software program that could help the training process and the selection

phase by observing the general development of the players.

Firstly, we assumed that the most important psychological characteristics for junior
handball players are motivational persistence, planning capacity, self-discipline, implemen-
tation, and recurrence.

Secondly, we assumed, through the second hypothesis, that some psychomotor char-
acteristics of the subjects have correlations with psychological aspects.

Lastly, the final hypothesis was to see if there is any correlation between the psycho-
logical aspects of these junior handball players, which was tested with multivariate tests.

2. Materials and Methods
2.1. Sample

For this study, we chose to apply our evaluation protocol on 181 junior III handball
players from 10 teams in Romania. The research group was an average of 13.5 ± 0.5 years,
and they came from different living areas (rural/urban). All of the findings were based on
the results that we gathered from tests and measurements, and the analysis was conducted
using statistical software.

2.2. Design

For the research design, we chose a set of field tests in order to assess specific psy-
chomotor components of junior III handball players, further applying a questionnaire
for some psychological characteristics such as motivational persistence, self-discipline,
and planning.

The main psychomotor characteristics that we focused on were eye–hand coordination,
dynamic balance, spatial orientation, and general dynamic coordination, and for each of
these elements, we applied a field test with specific elements from the handball game.

All of the field tests had the main objective of testing the hypotheses of the present
research study.

2.3. Instruments

As instruments, we used TReactionCo Sofware, laptops, special keyboards, tripods,
Just Jump platform, infrared sensors, cones, and the Motivational Persistence Questionnaire
for the psychological aspects; all of their actual usage in the research is presented in the
Procedure subsection.

2.4. Data Analysis

The data presented are based on correlations, means and standard deviations, 95%
confidence intervals, p values, Durbin Watson statistic, R-value, ANOVA analysis, and also
Cronbach’s alpha.

After obtaining data from the players, all of the information was input into the statisti-
cal analysis software SPSS v. 26.

2.5. Procedure

Before the beginning of field testing, all players were informed about the structure of
the evaluation, and the tests were explained and demonstrated so that they would have an
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overall view of the process. The evaluation started with the questionnaire to measure their
levels of motivational persistence, self-discipline, and planning capacity. The questionnaire
used is a validated one, and we also computed Cronbach’s alpha in SPSS to obtain a score
reliability coefficient.

Eye–hand coordination: For the system setting, the upper limb option is selected. The
athlete sits on a chair and positions the keyboard resting on his/her thighs. The laptop
is placed in front of the subject at a distance allowing better observation of markings that
appear on the screen. The evaluation begins when the athlete presses one of the three
keys. A red dot appears on the left or right side of the screen, and the athlete has the
task of pressing the key on the side where that mark appears as soon as possible after the
appearance of the stimulus. Each subject has to analyze 20 successive images, and the
average reaction time at the level of the upper limbs is recorded. It is considered a correct
assessment if the athlete has more than 10 correct hits/touches. The average time should
be as short as possible.

Dynamic balance: Depending on the type of jump that needs to be performed, the
player positions him/herself on the jumping platform, performing the movement necessary
to achieve the goal in order to achieve the best values (SJ, FJ, CMJ, and 4X). Depending
on the distance to be covered, the distance is calculated with the help of a roulette wheel,
positioning the sides on either side of the running lane to position the gates with infrared
photocells. The athlete positions him/herself at the starting line and starts running at free
speed and enters the deceleration process after passing the last area with the whole cell
with photocells.

Spatial-temporal orientation—Illinois test description: With the help of roulette, a
distance of 5 m in a straight line is measured. Heads are positioned at point 0, and 2.5 m
and 5 m distances are measured. From the level of the head from a distance of 2.5 m,
3 successive distances of 3.3 m are measured with the help of the roulette wheel, at the
level of which milestones are placed. At the start and finish points, two gates with infrared
sensors are positioned, which start automatically after the athlete leaves, and his/her final
time is recorded. The subject has to complete the route as shown below.

General dynamic coordination: Distances of 5/10/15/20 m are measured on a straight
line, and the markings for the positioning of the tripods with photocells are positioned
on either side of the corridor on which the athlete will run. At the beginning of the test,
the athlete must run at a high tempo without major deviations in the direction of travel in
order to avoid inconsistencies in the values obtained.

Agility—505 test description: The athlete must run to the 15 m marker in order to
accumulate sufficient speed to move; after crossing the 5 m mark and crossing the imaginary
drawn line, the athlete must run back the same distance of 5 m. The recorded time is the
time in which the athlete travels a distance of 5 m (round trip). The twisting ability of each
leg is tested, and the subjects are instructed that they should not exceed the 5 m line by
much so as not to waste too much time.

Choosing the psychological variables in the present study was preceded by analyzing
research papers, in which we tried to identify the elements that might have implications
in sports practice. Generally, we identified some common aspects, such as motivation,
and we considered that even at a young age, the capacity to maintain a high level of
motivation can represent a true advantage in the future careers of these junior handball
players. This action was followed by identifying other characteristics that we considered to
be important (self-discipline and planning capacity); these two have the ability to improve
the general level of the athletes. It is necessary, at any age, when practicing team sports, to
have the capacity to self-organize for the tasks that are presented in training sessions, in
official competitions, and during free time between these events. Continuous growth and
the maintenance of a linear and constant evolution can be influenced by such factors. In
addition, the capacity to plan, even for a junior player, is important, as it means that if the
objectives and the purposes of the physical activities are clearly stated, the sports life of the
individual can improve.
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Regarding the psychological characteristics, they were evaluated by applying the
Motivational Persistence Questionnaire, which contains 30 items divided into 5 categories
(with 5 questions for each dimension), with a 5-step answer scale (1—to a very small
extent; 5—to a very large extent) and can determine the levels of the following character-
istics: motivational persistence, planning, self-discipline, determination, recurrence, and
ambition [40].

- Model questions:
- For motivational persistence: “I maintain my motivation even in activities that lasts

for months”;
- For planning: “I plan in detail what I have to do for the next day”;
- For self-discipline: “Even if it’s not necessary, I put my things in order.”

3. Results

In the first phase, we computed reliability statistics in order to obtain the Cronbach’s
alpha value for the Motivational Persistence Questionnaire that we applied in our research
group. As is shown in Table 1, the 622 value puts the motivational persistence, self-
discipline and planning capacity in the upper range of confidence for the specific items.

Table 1. Reliability statistics of the questionnaire applied.

Item 1 0.617

Item 2 0.606

Item 3 0.608

Item 4 0.594

Item 5 0.626

Item 6 0.590

Item 7 0.598

Item 8 0.629

Item 9 0.596

Item 10 0.609

Item 11 0.619

Item 12 0.625

Item 13 0.630

Item 14 0.624

Item 15 0.615

Cronbach’s Alpha 0.622

In the table below (Table 2) are presented the means of the psychological aspects after
the evaluation of players alongside the number of players and standard deviation. In
addition, it presents the overall value of Cronbach’s alpha for the questionnaire applied
and the individual values for the items attributed to the motivational persistence, planning
capacity, and self-discipline.

Table 2. Mean and standard deviation of the general scores of psychological characteristics.

Motivational Persistence Planning Self-Discipline

Mean 6.31 6.39 6.44

N 181 181 181

SD 2.52 2.27 2.30
N—number of subjects; SD—standard deviation.
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We also calculated the general evaluation results for the psychological aspects as well
as the mean and standard deviation of the group. If we analyze the levels presented in
the table above, we can see that the whole group can be qualified in the upper limit of
development for the three psychological characteristics measured (Table 2).

Furthermore, we performed an ANOVA analysis (Table 3) in order to observe the main
differences between the means of specific field positions for the psychological characteristics.
As is shown in the table above, we obtained multiple results that are statistically significant,
which led us to the conclusion that for different players that occupy a certain area in the
field, the psychological characteristics are present but to different extents. This variation
can be connected to the general psychological state of the junior players, and outside factors
can influence their motor capacities at some point.

Table 3. Post hoc analysis. Statistically significant means of the psychological characteristics.

Dependent Variable Sig.

Motivational
persistence

Right wing

Right back 0.764

Center back 0.003

Left wing 0.049

Goalkeeper 0.001

Right back

Right wing 0.764

Center back 0.008

Goalkeeper 0.000

Center back

Right wing 0.003

Right back 0.008

Left back 0.004

Pivot 0.000

Goalkeeper 0.000

Left back

Right wing 0.931

Center back 0.004

Goalkeeper 0.001

Left wing

Right wing 0.049

Pivot 0.003

Goalkeeper 0.000

Left wing 0.000

Pivot 0.031
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Table 3. Cont.

Dependent Variable Sig.

Planning

Right wing

Right back 0.777

Center back 0.005

Left wing 0.020

Goalkeeper 0.003

Right back

Right wing 0.777

Center back 0.013

Left wing 0.043

Goalkeeper 0.001

Center back

Right wing 0.005

Right back 0.013

Left back 0.007

Pivot 0.015

Goalkeeper 0.000

Left back

Right wing 0.936

Center back 0.007

Left wing 0.027

Goalkeeper 0.002

Left wing

Right wing 0.020

Right back 0.043

Left back 0.027

Pivot 0.046

Goalkeeper 0.000

Self-discipline

Right wing

Right back 0.777

Center back 0.005

Left wing 0.000

Goalkeeper 0.000

Right back

Right wing 0.777

Centre back 0.012

Left wing 0.001

Pivot 0.712

Goalkeeper 0.000

Center back

Right wing 0.005

Right back 0.012

Left back 0.007

Pivot 0.007

Goalkeeper 0.000

Left back Right wing 0.935

In the table above (Table 4), we show the Pearson correlations calculated for the field
tests that we used in this study, and the significant values are highlighted. As we can
observe, there is a high negative correlation between the countermovement jump and the
505 test (−0.229) and a high positive correlation between the 505 test and the 10 m run

272



Children 2022, 9, 767

(0.418). The 10 m run also has a strong negative correlation with the countermovement
jump (−0.477).

Table 4. Main correlations between psychomotor testing results.

Agility (S) Dynamic Balance
(INCH)

General Dynamic
Coordination (S)

Agility (S) Pearson Correlation 1 −0.229 ** 0.418 **
Sig. (2-tailed) 0.002 0.000

N 181 181 181
Dynamic Balance

(INCH) Pearson Correlation −0.229 ** 1 −0.477 **

Sig. (2-tailed) 0.002 0.000
N 181 181 181

Sig. (2-tailed) 0.157 0.581 0.783
N 181 181 181

General Dynamic
Coordination (S) Pearson Correlation 0.418 ** −0.477 ** 1

Sig. (2-tailed) 0.000 0.000
N 181 181 181

Legend: N—number of players. ** Correlation is significant at the 0.01 level (2-tailed).

For the agility and general dynamic coordination, the r-value (0.418) signifies that
there is a directly proportional influence and growth between them. This means that better
indices or low results on the agility course can increase the results for the psychomotor
ability mentioned. This led us to a primary conclusion that the training process of the
junior handball players must be performed properly, and it must influence, in balanced
proportions, all of the motor and psychomotor areas.

The dynamic balance presents a negative r-value (−0.477) with general dynamic coor-
dination. This result means that if the dynamic balance results increase, the psychomotor
ability decreases in a beneficial way by reducing the time when taking the test. The handball
game, by its growth, is known as a very dynamic sport in which the players must perform
multiple motor tasks, such as running and passing the ball, running–stopping–throwing,
and avoiding the opponents. Thus, all of these elements can be positively influenced by the
effective development of these psychomotor abilities.

Another statistical analysis that we conducted was related to the effects of the psycho-
logical aspects of the players, which were analyzed and tested through the questionnaire
applied in our study (Table 5). As we can notice, there is a significance of 0.00 between
motivational persistence, planning, and self-discipline, while planning capacity has a strong
correlation of 0.00 with self-discipline. By gathering these results, we can state the fact that
besides the motor capacities of these junior handball players, psychological aspects such
as motivational persistence, self-discipline, and planning capacity are some factors that
need to be taken under consideration in reference to these players and in general in the
handball game.

Table 5. Multivariate tests for the psychological aspects.

F Sig.

Motivational persistence * planning 411.89 0.000
Motivational persistence *

self-discipline
603.56 0.000

2.85 0.001
Planning * self-discipline 4262.17 0.000

Lastly, we performed linear regression (Table 6) in order to see which characteristics
tend to have a greater influence when taken into consideration with the other variables
of the study. Our output shows a relationship between psychomotor abilities (general
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dynamic coordination, eye–hand coordination, spatial-temporal orientation, and dynamic
balance) and psychological aspects (self-discipline and motivational persistence) of 83%,
which can influence the general evolution of performance when practicing this team sport.

Table 6. Linear regression for the variables of the study.

Model Summary b

Model R R Square Adjusted R Square Std. Error of the
Estimate

1 0.917 a 0.840 0.833 0.595
a. Predictors: (constant), self-discipline, general dynamic coordination (s), eye–hand coordination, spatial-temporal
orientation(s), dynamic balance, and motivational persistence. b. Dependent variable: planning.

The conclusion from these values is that in a dynamic sport that involves the contin-
uous movement of players with and without the ball, a good level of these psychomotor
abilities alongside a good psychological capacity can improve the overall output of the
players; these aspects need to be taken into consideration in the training activity.

To show the influence of the variables and their weight in the overall linear regression,
we highlight the standardized coefficients and the p values of the psychomotor and psy-
chological aspects (Table 7). As is shown in the table, statistical significance is indicated
for eye–hand coordination (p = 0.02), general dynamic coordination (p = 0.04), and self-
discipline (p = 0.03). This led us to the conclusion that these three aspects could have a
greater influence on the overall process of the evolution of junior handball players.

Table 7. Statistical significance of variables in the general regression.

Standardized Coefficients
Sig.

Beta

Eye–hand coordination −0.584 0.022

Dynamic balance 0.005 0.950

General dynamic coordination 0.899 0.045

Motivational persistence 0.091 0.653

Planning 0.021 0.904

Self-discipline 0.312 0.039

Another important aspect that can be highlighted relates to the software that we
created in order to have a better perspective of the psychomotor and psychological char-
acteristics of junior III handball players. The “Skills” software, by using mathematical
algorithms, can create an overview of the above-mentioned aspects, and it can find utility
both in the training process and in talent identification actions.

4. Discussion

Firstly, we assessed the level of development of psychomotor abilities of junior hand-
ball players by applying motor tests that mimic specific elements of the handball game, and
the results were registered and further analyzed from a statistical point of view. We focused
our attention upon eye–hand coordination, dynamic balance, general dynamic coordina-
tion, and spatial-temporal orientation, these being important abilities that can influence the
handball game and can represent an important factor in the talent identification phase.

As we know, of great importance in this stage of their development, psycholog-
ical aspects can influence their general evolution both in the sports area and in the
social environment.

After applying the questionnaire, we can observe the level of development of these
psychological characteristics, for which the players scored above average (on a scale from 1
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to 10) in the case of motivational persistence (6.31), planning (6.39), and self-discipline (6.44),
but for better performance, we believe that the average scores of the three components
could be improved.

Furthermore, we tried to create a performance profile of junior handball players by
selecting these psychomotor abilities alongside psychological aspects, these having the
overall capacity of creating an overview for the players.

Some studies have neem related to the influence of supplements and their interaction
with motor capacity [41], and others are related to the optimization of motor skills such
as hand–eye coordination [42] and biomechanics [43], but we tried to first assess more
psychomotor abilities that could influence the handball game in order to have a better
overview of them.

In regard to talent identification, there are studies that have focused mainly on play-
ing position and the month of birth [44], and the difference in our study is represented
by the motor and psychological aspects that we tried to identify as important to talent
identification. Other researchers have tried to identify factors for talent identification by
interviewing coaches and studying psychological characteristics such as coordination and
carefully planning the activity of the players [45]. This information can support our research
by highlighting the importance of some psychological aspects regarding the identification
of gifted players.

The level of performance of the players can be compared to a series of studies that
have connected anthropometric characteristics with physical components such as agility
and the ability to jump in the identification of talented players [46]. Other studies from a
series of disciplines have also included some of the performance characteristics mentioned
previously, these being considered important in the general assessment of junior players in
order to identify talented athletes [47–51].

After computing linear regression results, we obtained a good relationship between
psychomotor abilities and psychological aspects, and in terms of the statistical value, it
was shown that the R-value (0.83/83%) puts these two aspects as general elements that can
condition the level of the other variables presented in this study.

A practical application of the results of this study is the creation of the “Skills” software
through which we tried to aid the training, selection, and talent identification processes.
In a general overview (as can be seen in the figures below), the pages of the software are
related firstly to the playing positions on the handball field, and after choosing players
from the uploaded database, the evaluator or coach can choose any player that they want in
order to assess their general level of psychomotor manifestation (Figure 1). There are more
important aspects that can be seen from this besides psychomotor abilities; as is shown in
Figure 2, there are also some somatic measurements that we consider to be important in
the handball game. Lastly, the psychological aspects of the players are presented (Figure 3),
all of which make it possible to observe and make the best decision for the team in terms
of training, selection, and even talent identification. The software was created for that
purpose using IT technologies (Python), and other studies that involve its usage are set to
be written.

Some limitations of the study could be represented by the number of players analyzed;
a much larger study could be conducted and might include a greater number of athletes. In
addition, another limitation is related to the specialty of the literature in the sense that we
could not find more research articles to compare our results with.
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5. Conclusions

From all of the data obtained from the statistical analysis, we can highlight the need to
make this kind of comparison between psychomotor and psychological factors in junior
handball players. The presence of significant correlations supports the veracity of the
control tests used in outlining the main characteristics of these junior players.

On the other hand, the results obtained can be seen as a starting point for further
leading the training process of these junior handball players by concentrating on and
leading the activity towards improving the elements presented in the study.
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Abstract: Background and Objectives: It has previously been shown that the International Fitness
Scale (IFIS) is a reliable and valid instrument when used in numerous regions and subgroups, but it
remains to be determined whether the IFIS is a reliable instrument for use with Chinese children and
adolescents. If the reliability of the IFIS can be verified, populational surveillance and monitoring
of physical fitness (PF) can easily be conducted. This study aimed to test the reliability of the IFIS
when used with Chinese children and adolescents. Methods: The convenience sampling method was
used to recruit study participants. In total, 974 school-aged children and adolescents between 11 and
17 years of age were recruited from three cities in Southeast China: Shanghai, Nanjing and Wuxi. The
study participants self-reported demographic data, including age (in years) and sex (boy or girl). The
participants completed the questionnaire twice within a two-week interval. Results: A response rate
of 95.9% resulted in a sample of 934 participants (13.7 ± 1.5 years, 47.4% girls) with valid data. On
average, the participants were 13.7 ± 1.5 years of age. The test–retest weighted kappa coefficients for
overall fitness, cardiorespiratory fitness, muscle fitness, speed and agility and flexibility were 0.52 (Std.
errs. = 0.02), 0.51 (Std. errs. = 0.02), 0.60 (Std. errs. = 0.02), 0.55 (Std. errs. = 0.02) and 0.55 (Std.
errs. = 0.02), respectively. Conclusions: The International Fitness Scale was found to have moderate
reliability in the assessment of (self-reported) physical fitness in Chinese children and adolescents. In
the future, the validity of the IFIS should be urgently tested in Chinese subgroup populations.

Keywords: the International Fitness Scale (IFIS); reliability; children; adolescents; Chinese

1. Introduction

Physical fitness (PF) is an important indicator of an individual’s capability to perform
physical activity and maintain good health [1]. PF can be defined as the ability of body
systems to work together efficiently to allow a human to be healthy and perform daily
living activities [2]. Accordingly, PF is a significant marker of health [3,4]. PF is a significant
predictor of mortality and morbidity in all-cause [5] and cardiovascular diseases [1,6] and
adiposity [7], and the negative impacts of these diseases during childhood and adolescence
have negative effects on one’s health in adulthood [1]. In addition, PF was also shown
to be related to mental health [8,9], including cognitive functions [10] (e.g., academic
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performance [11]), depression, anxiety, psychological stress [12] and well-being [7,13]. In
addition to health-related PF, which includes cardiorespiratory endurance (CRF), muscular
strength and endurance (i.e., muscle fitness, MF), body composition and flexibility (FL),
there is also skill-related PF, which includes balance, coordination, speed, power, reaction
time and speed and agility [2].

Generally, laboratory and field measurements have been used to evaluate PF [4]. A
recent review demonstrated that CRF and MF have been most frequently evaluated in chil-
dren and adolescents [14]. It was, however, also concluded that standard PF assessments
would be needed in the future [14]. Moreover, laboratory or field measurements require
time, facilities and equipment, and thus may be less feasible in population-based stud-
ies [4,15]. Alternatively, self-reported PF or survey-based methods may be more suitable
for the assessment of PF in epidemiological studies. There are several existing fitness scale
instruments, such as the Physical Self-Perception Profile (PSPP) [16] or the Self-Reported
Fitness (SRFit) scale [17], but the limitation of these scales includes having too many items
and targeting specific sub-groups of the population [18].

Therefore, a simple self-administered instrument with no limitations in terms of popu-
lations might be suitable for use in population-based surveys. Ortega et al. developed a
self-administrated scale to evaluate PF in the general population, which is known as the
International Fitness Scale (IFIS) [19]. The IFIS uses a five-point Likert scale (“very good”,
“good”, “average”, “poor” and “very poor”) to assess various components of PF [19]. It
has been translated into nine languages and consists of five parts, assessing overall PF, car-
diorespiratory fitness, muscle fitness, speed and agility as well as flexibility [19]. Previous
research demonstrated acceptable construct reliability and validity in European and South
American countries in children and adolescents [4,19–22] as well as adults [18,23–26]. In
comparison with adolescents, the IFIS was found to be more reliable and higher levels of PF
were reported in children (3–10 years) [4]. In addition, gender differences in self-reported
PF were also observed in the previous study [21]. The differences in age and gender in the
reliability and validity of the IFIS suggest that future studies should be directed toward
this topic. Although the IFIS has been shown to be a reliable and valid instrument to use
to assess self-rated PF in numerous regions and subgroups, it remains to be determined
whether the IFIS is a reliable instrument with Chinese children and adolescents. National
data from China, however, indicated that only a small percentage (approximately 31.75%)
of school-aged children and adolescents rated their PF as “excellent” or “good” [27]. In ad-
dition, there has been a decline in PF in young adults over the last several decades [28–30].
The decline in PF negatively affects youth health, as discussed above; the monitoring of
PF is significant in the design of a strategy to promote a level of PF in Chinese youth.
Another justification for this study is that the reliability of the IFIS can be verified, and
populational surveillance and the monitoring of PF can easily be conducted. Even though a
PF testing system has been built in recent years, a population-based survey is still urgently
needed [31]. Considering China’s large population, a Chinese version of the IFIS would be
beneficial in the monitoring and promotion of PF. The application of similar methods can
also facilitate international comparison of PF.

Therefore, researchers need a simple and useful instrument to evaluate the levels
of PF in various subgroups to monitor and promote the health of Chinese populations.
Cultural adaptation, however, requires the reliability of the IFIS to be tested with Chinese
children and adolescents. This study, therefore, aimed to determine the reliability of the
International Fitness Scale, Chinese-version (IFIS-C), in children and adolescents.

2. Materials and Methods
2.1. Participants and Sampling

A pilot study was conducted with children and adolescents, which aimed to evaluate
the test–retest reliability and construct the validity of the International Fitness Scale in
Chinese children and adolescents. The convenience sampling method was used to select
participants, and 1170 school-aged children and adolescents were recruited from Shanghai,
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Nanjing and Wuxi for this study. An invitation letter was sent to the potential schools, and
7 schools were interested in and agreed to participate in this study. According to previous
studies, the sample size in the present study met the standard of reliability [4,20]. In total,
974 school-aged children and adolescents between 11 and 17 years of age provided valid
data and were included in the final analysis. This study was approved by the Institutional
Review Board (IRB) of the Shanghai University of Sport (Code No.: 102772021RT071). Prior
to the questionnaire survey, children and adolescents signed assent forms, and their parents
or guardians signed informed consent.

2.2. Measures
2.2.1. Demographics

Children and adolescents were required to self-report demographic data, including
age (year) and gender (boy or girl). Participants were separated by age into children and
adolescents using a cut point of 13 years [32]; in this study, adolescents were 13 years old
and above [32].

2.2.2. Self-Reported Fitness

The International Fitness Scale (IFIS) was used to evaluate the self-estimations of PF
using a 5-point Likert scale (“very poor”, “poor”, “average”, “good” and “very good”).
Specifically, the IFIS evaluates overall fitness, cardiorespiratory fitness (CRF), muscular
strength, speed and agility and flexibility [19]. The English version of the IFIS was sepa-
rately translated into Chinese (IFIS-C) by two authors who are both proficient in Chinese
and English and have research backgrounds in physical activity and fitness promotion.
Disagreements on translations between the two authors were resolved by a third author.
In addition, back-translation for the IFIS-C into English was conducted by two persons
whose source language (English) was their mother tongue [33]. These two persons had no
background in PF [33].

2.2.3. Data Collection

The reliability of the International Fitness Scale (IFIS-C) was evaluated through a test–
retest design. In order to prevent recall bias, the children and adolescents who participated
were required to complete the test–retest within a two-week interval [34]. The procedure
used for the reliability test adhered to the COSMIN methodology for systematic reviews
of PROMs—user manual (box 6 (reliability)) [35]. On both occasions, the participants
completed the measurement under the guidance of the same physical education teacher.
The measurement times, timing of the measurement (e.g., before physical education class),
measurement place and instructions were similar during both assessment time points.

2.2.4. Statistical Analysis

The sample size for the test–retest reliability was identified according to previous
studies [4,20]. The test–retest reliability of the IFIS-C was calculated for categorical variables
using weighted kappa coefficients [36]. Kappa coefficients of less than 0 indicated “no
agreement”; kappa = 0.0 to 0.20 indicated “slight agreement”; kappa = 0.21 to 0.40 indicated
“fair agreement”; kappa = 0.41 to 0.60 indicated “moderate agreement”; kappa = 0.61 to
0.80 indicated “substantial agreement”; and kappa = 0.81 to 1.00 indicated “almost perfect
agreement” [37]. The level of statistical significance was set at p < 0.05. SPSS software
version 26.0 and Stata MP version 14.1 (Stata Corp LP, College Station, TX, USA) were used
to calculate descriptive characteristics and the weighted kappa coefficients in this study. A
Confirmatory Factor Analysis (CFA) for the IFIS-C was analyzed using IBM SPSS AMOS
26.0 Graphics. A Confirmatory Factor Analysis (CFA) was conducted to evaluate whether
the perceived PF measured using the IFIS-C was consistent with the nature of the construct
of the IFIS-C. Factor loadings below 0.3 were not interpreted, and a factor loading of 0.5 or
higher was accepted [38].
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3. Results

After deleting questionnaires with missing data, a response rate of 95.9% resulted in a
sample of 934 children and adolescents (47.4% girls) with valid data that were included in
the analyses. The sample consisted of 390 children (41.8% girls) and 544 adolescents (58.2%
girls). The average age was 13.7 ± 1.5 years.

Figures 1 and 2 show the results of self-rated fitness. Overall, most children rated their
fitness as “good”, and most adolescents rated their fitness as “average”. Meanwhile, no
adolescents reported their SP–AG as “very poor”.

Figure 1. Distribution of responses by categories of self-reported physical fitness in children
(CRF = cardiorespiratory fitness; MF = muscular fitness; SP–AG = speed and agility; FL = flexibility).

Figure 2. Distribution of responses by categories of self-reported PF in adolescents (CRF = cardiores-
piratory fitness; MF = muscular fitness; SP–AG = speed and agility; FL = flexibility).

Table 1 shows the overall weighted kappa values of the test–retest reliability of the
self-reported IFIS-C. Test–retest weighted kappa coefficients for overall, CRF, MF, SP–AG
and FL were 0.52 (Std. errs. = 0.02), 0.51 (Std. errs. = 0.02), 0.60 (Std. errs. = 0.02), 0.55 (Std.
errs. = 0.02) and 0.55 (Std. errs. = 0.02), respectively, which indicate the moderate reliability
of the IFIS-C [36]. The highest weighted kappa value of IFIS-C was found for the MF score
(weighted kappa = 0.60).
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Table 1. Reliability of the International Fitness Scale.

Test One, Mean (SD) Test Two, Mean (SD) Weighted Kappa Std. Errs.

Overall 3.97 ± 0.88 3.95 ± 0.92 0.52 0.02
CRF 3.64 ± 0.94 3.71 ± 0.93 0.51 0.02
MF 3.66 ± 0.93 3.67 ± 0.95 0.60 0.02
SP–AG 3.79 ± 0.93 3.84 ± 0.91 0.55 0.02
FL 3.35 ± 1.10 3.40 ± 1.09 0.55 0.02

SD = standard deviation; CRF = cardiorespiratory fitness; MF = muscular fitness; SP–AG = speed and agility;
FL = flexibility.

Table 2 shows the weighted kappa of the IFIS-C by gender. The overall weighted
kappa of the IFIS-C showed moderate reliability, with a somewhat better weighted kappa
value observed in girls (0.54) than in boys (0.48). Specifically, the highest weighted kappa
value observed in boys was 0.58 (Std. errs. = 0.03) for MF, and the lowest weighted kappa
value was 0.48 (Std. errs. = 0.03) for overall fitness. In girls, the highest weighted kappa
value was 0.60 (Std. errs. = 0.03) for FL and MF, and the lowest weighted kappa value was
0.49 (Std. errs. = 0.03) for CRF.

Table 2. Weighted kappa of International Fitness Scale by gender.

Test One, Mean (SD) Test Two, Mean (SD) Weighted Kappa Std. Errs.

Boys

overall 4.11 ± 0.82 4.07 ± 0.91 0.48 0.03
CRF 3.76 ± 0.96 3.84 ± 0.95 0.51 0.03
MF 3.78 ± 0.96 3.81 ± 0.99 0.58 0.03
SP–AG 3.95 ± 0.96 3.96 ± 0.95 0.55 0.03
FL 3.23 ± 1.10 3.26 ± 1.12 0.51 0.03

Girls

overall 3.82 ± 0.90 3.81 ± 0.93 0.54 0.03
CRF 3.51 ± 0.91 3.56 ± 0.89 0.49 0.03
MF 3.52 ± 0.88 3.51 ± 0.87 0.60 0.03
SP–AG 3.62 ± 0.86 3.70 ± 0.84 0.53 0.03
FL 3.47 ± 1.08 3.57 ± 1.04 0.60 0.03

SD = standard deviation; CRF = cardiorespiratory fitness; MF = muscular fitness; SP–AG = speed and agility;
FL = flexibility.

The weighted kappa of the IFIS-C in children and adolescents are shown in Table 3.
Moderate reliability was indicated for all of the components of the IFIS-C in the group of
children and adolescents. Nevertheless, higher weighted kappa values were observed in
children compared to adolescents. In children, the highest coefficient of weighted kappa
was 0.69 (Std. errs. = 0.04) for MF, and the lowest coefficient of weighted kappa was 0.61
for overall fitness and CRF. In adolescents, the highest coefficient of weighted kappa was
0.52 (Std. errs. = 0.03) for MF, and the lowest coefficient of weighted kappa was 0.42 (Std.
errs. = 0.03) for overall fitness and CRF. In addition, the internal consistency was accepted,
and the alpha coefficient was 0.719 (data not shown in the tables).

The goodness-of-fit for the IFIS-C is outlined in Table 4. The fit indices were 0.95 or
higher, and the RMSEA and SRMR were below 0.08, which indicate a good model fit [39].
Indices of model fit indicated that the IFIS-C showed a good model fit in Chinese children
and adolescents. However, the RMSEA was 0.114 in girls, which was not acceptable
according to the cutoff of below 0.08. Table 5 shows the factor loadings, CR and AVE of
the IFIS-C. Factor loadings of CRF, MF and SP–AG were all above 0.5, which indicated
acceptable values. However, the factor loading of flexibility was below 0.5. Regarding CR
and AVE, CR was accepted by gender and age subgroups. However, values of AVE were
only accepted in boys and adolescents.
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Table 3. Weighted kappa of International Fitness Scale in children and adolescents.

Test One, Mean (SD) Test Two, Mean (SD) Weighted Kappa Std. Errs.

Children (n = 390)

overall 4.08 ± 0.86 4.11 ± 0.90 0.61 0.04
CRF 3.73 ± 0.95 3.84 ± 0.93 0.61 0.03
MF 3.77 ± 0.93 3.81 ± 0.93 0.69 0.04
SP–AG 3.91 ± 0.93 3.98 ± 0.90 0.64 0.04
FL 3.44 ± 1.13 3.48 ± 1.12 0.66 0.03

Adolescents (n = 544)

overall 3.89 ± 0.87 3.83 ± 0.92 0.44 0.03
CRF 3.57 ± 0.94 3.62 ± 0.93 0.42 0.03
MF 3.58 ± 0.93 3.57 ± 0.95 0.52 0.03
SP–AG 3.71 ± 0.92 3.74 ± 0.90 0.48 0.03
FL 3.29 ± 1.06 3.34 ± 1.07 0.47 0.03

SD = standard deviation; CRF = cardiorespiratory fitness; MF = muscular fitness; SP–AG = speed and agility;
FL = flexibility.

Table 4. Goodness-of-fit indices for the IFIS-C in Chinese children and adolescents.

Statistics Boys Girls Children Adolescents Overall

χ2 1.157 13.395 4.067 1.018 3.525
df 2 2 2 2 2
p 0.561 0.001 0.131 0.601 0.172
χ2/df 0.579 6.697 2.033 0.509 1.763
SRMR (95% CI) 0.011 0.043 0.027 0.010 0.015
RMSEA (95% CI) 0.000 0.114 0.052 0.000 0.029
GFI 0.999 0.985 0.995 0.999 0.998
CFI 1.000 0.971 0.994 1.000 0.999
NFI 0.998 0.966 0.988 0.998 0.997
TLI 1.004 0.912 0.982 1.004 0.996
IFI 1.001 0.971 0.994 1.001 0.999

Abbreviation: df = degree of freedom; SRMR = standardized root means square residual; RMSEA = root mean
square error of approximation; CI = confidence interval; GFI = goodness-of-fit index; CFI = comparative fit index;
NFI = normed fit index; TLI = Tucker–Lewis index; IFI = incremental fit index.

Table 5. Factor loadings, CR and AVE of the IFIS-C in Chinese children and adolescents.

Statistics Boys Girls Children Adolescents Overall

CRF 0.78 0.69 0.76 0.73 0.74
MF 0.80 0.68 0.68 0.80 0.75
SP–AG 0.77 0.74 0.74 0.78 0.77
FL 0.47 0.47 0.34 0.49 0.43
CR 0.80 0.74 0.73 0.80 0.77
AVE 0.52 0.43 0.43 0.51 0.47

Abbreviation: CRF = cardiorespiratory fitness; MF = muscle fitness; SP–AG = speed and agility; FL = flexibility;
CR = composite reliability (>0.7); AVE = average variance extracted (>0.5) [37].

4. Discussion

To the authors’ knowledge, this study was the first to evaluate the reliability of the
IFIS in China. Overall, the results indicate the moderate reliability of the IFIS-C in Chinese
children and adolescents with weighted kappa values for different sub-measures of the
IFIS-C ranging from 0.51 to 0.60. In terms of subgroups, the weighted kappa values were
slightly higher in girls and children than in boys and adolescents, respectively. In addition,
there was a lower reliability for overall fitness in comparison to other components of the
IFIS-C, and MF showed a greater reliability in Chinese children and adolescents.

Several previous studies suggested that the IFIS has moderate reliability in children
and adolescents [4,19–22]. The overall weighted kappa coefficients in this study are compa-
rable to previously reported weighted kappa coefficients between 0.54 and 0.65 in European
children and adolescents [19]. Furthermore, the weighted kappa coefficient for MF was
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similar to that found in Francisco’s study [19]. Another study, however, reported a range of
0.52–0.67 in adolescents, which was higher than in this study (the weighted kappa of this
study ranged from 0.45 to 0.56) [22]. Higher weighted kappa coefficients in children and
adolescents were also reported in two other studies that used the Spanish version of the
IFIS, which were 0.775 to 0.847 [20] and 0.64 to 0.80 [21], respectively. These differences may
be attributed to the variability in physical activity and fitness level across study populations,
as previous studies showed that well-designed physical activity can improve the perceived
PF in adolescents [40]. The results of the Confirmatory Factor Analysis (CFA) indicated that
the model fit was not acceptable in girls, which revealed that the IFIS-C had poor construct
validity in Chinese girls. However, the reason for this might be the small sample size of girls
in this study. The lower level of physical fitness in Chinese school-aged girls in comparison
with that in boys may also have contributed to these results [27]. Therefore, future studies
with larger sample sizes are needed to further examine the validity of the IFIS-C.

This study also showed that few children and adolescents consider their PF as “poor”
or “very poor”, which is consistent with previous research [21]. Sex-specific analyses also
showed higher self-estimations of PF in boys than in girls, except in terms of flexibility,
which was consistent with previous studies [19,21]. Potential contributors to these ob-
served differences may be maturity status [41], morphological characteristics (different
somatotypes) [42] and physiological traits [21,43]. Differences in the types of physical
activity performed between boys and girls may also contribute to differences in perceived
PF [22,44], as different types of physical activities can enhance various aspects of PF. For
example, boys prefer ball sports that can increase strength and SP–AG fitness, while girls
are more willing to participate in dance or gymnastics that can increase flexibility [44].
Despite these differences, the IFIS-C can be considered a reliable instrument for use in
determining PF by sex in Chinese children and adolescents.

With regard to age, adolescents reported lower self-estimations of fitness than children
in this study, which has been shown previously [4]. A decline in PF across different grades
has also been reported in a large-scale study of Chinese children and adolescents [27].
Compared with other components of the IFIS-C, Chinese children and adolescents reported
higher self-estimated overall fitness, which was similar to the results of previous studies
in Brazilian, Spanish and Colombian adolescents [4,20,21]. Notably, existing evidence
revealed that PF was closely associated with motor competence [45]. Considering that daily
physical activity generally involves components of strength, speed or flexibility [4], the
perception of children’s and adolescents’ motor performance is closely related to all of the
components of PF acquired in daily physical activities [4]. Therefore, participants reported
higher self-estimated overall fitness in comparison with other components of the IFIS-C.

In general, the IFIS is a reliable instrument that can be used to evaluate the overall
level of PF in population-based studies (i.e., epidemiological studies), and there is a need to
test the reliability and validity of the IFIS in other age subgroups (i.e., youth, young adults
and old adults) in different regions of China. Although this reliability study was conducted
with Chinese children and adolescents and had a large sample size, several limitations
should be taken into consideration. Firstly, due to various circumstances (i.e., COVID-19
restrictions and the fact that measurements require time, facilities and equipment), it was
not possible to conduct a field-based PF evaluation. Additional research, therefore, is
necessary to determine the validity of the IFIS-C in Chinese children and adolescents.
Secondly, validity and reliability need to be determined in other age groups to promote a
national use in China. Thirdly, the sample was taken from eastern China, and reliability
and validity studies should be conducted in different regions in China due to differences in
PF levels in these regions.

5. Conclusions

Overall, this study showed that the IFIS-C is a reliable instrument for the assessment
of PF in Chinese children and adolescents. The lower reliability of overall fitness also
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emphasizes the need to separately assess various subcomponents of PF in Chinese children
and adolescents to gain accurate insight into the key components of PF.
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Abstract: Flat foot is a common pediatric foot deformity which involves subtalar flexibility; it can
affect the plantar arch. This study analyzes the evolution of two parameters, i.e., plantar index arch
and subtalar flexibility, before and after physiotherapy and orthoses interventions, and examines the
correlation between these two parameters. Methods: The study included 30 participants (17 boys,
12 girls, average age 9.37 ± 1.42 years) with bilateral flat foot. We made two groups, each with
15 subjects. Assessments of the subtalar flexibility and plantar arch index used RSScan the platform,
and were undertaken at two time points. Therapeutic interventions: Group 1—short foot exercises
(SFE); Group 2—SFE and insoles. Statistical analyses included Student’s t-test, Cohen’s D coefficient,
Pearson and Sperman correlation. Results: Group 1—subtalar flexibility decreased for the left and
right feet by 28.6% and 15.9% respectively, indicating good evolution for the left foot. For both feet,
a decrease of the plantar index arch was observed. Group 2—subtalar flexibility decreased for the
right and left feet by 43.4% and 37.7% respectively, indicating a good evolution for the right foot.
For both feet, a decrease of plantar index arch was observed. Between groups, subtalar flexibility
evolved well for Group 2; this was attributed to mixt intervention, physical therapy and orthosis.
For plantar arch index, differences were not significant between the two groups. We observed an
inverse correlation between subtalar flexibility and plantar arch index. Conclusions: Improvement
of plantar index arch in static and dynamic situations creates the premise of a good therapeutic
intervention and increases foot balance and postural control. The parameter which showed the most
beneficial influence was the evolution is subtalar flexibility.

Keywords: flat foot; subtalar flexibility; plantar arch index; orthoses

1. Introduction

Flat foot (FF) describes flatness of the medial longitudinal arch (MLA) of the foot,
which is visible in standing position but also in the gait; it may be categorized as either
flexible or rigid. Hyperpronation or excessive pronation of the foot refers to ankle bones
being turned inward and the rest of the foot turned outward. This happens when the
arch of the foot is flattened when weight is applied to it. Both aspects open a discus-
sion about the behavior of the subtalar angle which determines subtalar flexibility in
functional activities [1].

Several discussions are also ongoing about the definition of subtalar angle and its
relationship with foot pathologies.

Flat foot is a pathologies which often is associated with pain and instability. The condition
requires an early diagnosis to determine its etiology and design therapeutic interventions.

The subtalar joint has two parts: anterior and posterior. Subtalar joint movements are
inversion–eversion from a clinical point of view; the other components (e.g., anteroposterior and
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mediolateral translation) are not assessable by clinical examination [2]. The subtalar joint
axis has an average inclination 42◦ in the sagittal plane and 23◦ medial deviation in relation
to the long axis of the foot [3].

Discussions about this angle have stemmed from the different methods used for
assessing its mobility; in this context, many authors agree that inversion is 25–30◦ and
eversion 5–10◦. In practice, the relevance of this angle seems not to be so important; as
such, it is necessary to focus instead on subtalar flexibility. This flexibility is connected to
the body mass index (BMI). In many cases, increased flexibility seems to be correlated with
a lack of anterior facet of the joint which favorizes the development of flat foot [4].

Gait analysis is one method that could be used to design physiotherapy programs in
patients with flat foot (FF) due to the need to understand the behavior of the foot during
gait, which involves three actions: rollover of the foot from supination to pronation on the
floor, dorsal and plantar flexibility, and rotations. Subtalar joint movement can be described
as rotation, translation or a combination of both; motion of this joint can be broken into
a rotation about, and a translation along, the helical axis. During weight-bearing motion,
all of the bones in the foot rotate around the subtalar joint axis [5]. All of these afford the
foot the capacity to adapt to different conditions whereby the foot absorbs the ground
force effect.

In this context, the subtalar joint has an important role, i.e., it combines the inversion
with internal rotation and the eversion with external rotation. The consequence of this is
that it has a possible effect under the plantar arch and in cases of collapse of the arch and
midfoot during inversion, but with the arch lifted during eversion.

Flat foot may be defined by the collapse of MLA and overpronation. The condition can
cause pain, gait disorders, static and balance disorders and affect the entire lower limb [6,7].

Today, the early diagnosis of FF is a challenge because clinical practices have a lot of
variations regarding evaluations and therapy of the condition. Most diagnoses are based
on clinical evaluations and radiography rather than functional diagnoses, which assess the
behavior of joints through static and dynamic movements. For this reason, many authors
do not accept this diagnostic method [6].

Many evaluations include measuring indexes like the valgus index, arch index, Staheli
index, Chippaux-Smirak index, Foot posture index and Clarke angle [8–10]. Many studies
have been published on the differences in evaluation results depending of the index choice.
As such, there is no consensus regarding the diagnosis of FF because the reliability of these
measurements can be poor.

Some authors consider the Chippaux-Smirak to be the best solution for diagnoses
of FF in children [11]. Chen et al. considers that this index is the gold standard in FF
evaluations for children under 8 years of age [12].

In contrast, some authors consider that clinical examinations are the best approach [13].
Fascione et al. considered that there is a limit of concordance between the Clarke angle
and Chippaux-Smirak index, with regard to the plantar arch status [14]. The same aspect
is relevant for Langley, who considered that the Chippaux-Smirak index makes possible
more accurate predictions and diagnoses than the Staheli index [15].

First evaluations of FF and physiotherapy approaches are often based on the plantar
print foot and measurements of the indexes. Clinical examinations of the longitudinal arch
give information about the probability of FF occurrence; however, medical equipment make
it possible to analyze the gait using pressure and force plates, as well as also baropodog-
raphy [16]. To determine the foot type, arch index values are used, based on the contact
area of the middle section of the plantar footprint [16]; however, this has little relevance to
clinical classifications of the foot.

A new approach to diagnosing and treating FF is the development of a cluster model
which makes it possible to identify the etiology and assess the foot alignment, which
can influence the foot dynamic during gait and determine how physical therapy could
improve this [17,18].
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The relationship between subtalar angle and MLA is the subject of debate, and some
authors have written about the eversion of subtalar angle and flat foot arch and vice
versa [19]. Based on this, hyperpronation is a feature of FF; this is just a hypothesis,
because there are no conclusive studies to date, as numerous methods exist to measure
the morphological parameters of the foot, and unanimity of which is most suitable has not
been reached [20].

Menz et al. measured the correlation between the results of plantar arch measurements
(using force and pressure plates) and radiographyc aspects of calcaneal angle inclination,
as well as correlations between this angle and navicular bone position. They observed a
strong correlation between plantar arch and calcaneal angle inclination [21].

Even if the majority of the researchers and physicians consider that approaches based
on the plantar arch are the most appropriate for foot classifications, many acknowledge
that there are inconsistencies regarding the indexes used for foot classifications, and that
clinical assessments have shortcomings.

The literature reveals many questions regarding FF, in terms of clinical and functional
diagnosis, biomechanic parameters, relationships between these parameters in normal foot
and in FF, etc. Therapeutic interventions and orthesis require complex evaluations and
follow up.

The hypothesis of this study is that biomechanical parameters (subtalar flexibility and
index arch) are relevant for monitoring the evolution of FF and response to physiotherapy
and orthoses interventions. The purpose of this study is to analyze the evolution of two
parameters, i.e., plantar index arch and subtalar flexibility, before and after physiotherapy
and orthoses interventions. Also, this study includes an analysis of the correlation between
these two parameters.

2. Study Design

This study was conducted in the Sports Medicine Department of the University of
Craiova. It conformed to the guidelines of the Declaration of Helsinki, and was approved by
the Ethics Committee of University of Craiova (20–28 September 2021). Written informed
consent was obtained from all participants. Clinical trial registration according to the
ICMJE guidelines was registered with number 243/30.09.2021.

A total of 30 participants with flat-foot were selected: 17 boys and 13 girls, with an
average age of 9.37 ± 1.42 years. Both groups had bilateral flat foot degree II.

The inclusion criteria were bilateral flat foot diagnosed by clinical examination in
standing position and during gait. The exclusion criteria were: (1) prior foot or ankle
surgery; (2) pain in the lower extremities; (3) overweight or obese; (4) any other foot
deformities; or (5) neuromuscular and neurological disorders.

We created two groups. Group 1 (15 subjects) included participants in the physiother-
apy program. Group 2 (15 subjects) included participants in the physiotherapy program
who also wear foot orthoses (insoles).

2.1. Evaluation

Biomechanic evaluations consisted of assessing the subtalar flexibility and plantar
arch index. For both parameters, we used a force and pressure platform RSScan (Figure 1).

Data were recorded in static and dynamic positions during a gait cycle. We made
three measurements and then selected the best data, as it was necessary to obtain the entire
plantar surface. We asked subjects to relax and walk with their normal gait.

Statistical analyses were performed using SPSS V.2.0 package.
The aim of the statistical analyses was to identify significant differences in subtalar

flexibility and plantar index arch between the two groups of patients. We used student’s
t-test, Cohen’s D coefficient, Pearson and Sperman correlation.
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Figure 1. RSscan platform: (a) RSscan components; (b) RSscan software (Rsscan—RS software for
footscan|Logemas).

2.2. Intervention

Therapeutic interventions consisted of:
For group 1—The physiotherapy program included classic exercises, e.g.,:

• strengthening of ligaments;
• strengthening of the muscles of the shins and thighs, heel bones, metatarsal fingers,

ankle joint and plantar aponeurosis;
• correction of the foot arch position;

The exercises included toe bending or towel-curl exercises which mobilize the extrinsic
muscles of the foot, such as the flexor digitorum longus muscle [22].

Also, we proposed short foot exercises (SFE) which are a form of sensory-motor
training that activates the intrinsic muscles in the foot and actively forms the longitudinal
arch and the horizontal arch [23]. A posture was maintained for 10 s followed by 5 s of
relaxing; this process was repeated for a total of 30 min per session, with three sessions per
week for a total of 12 weeks. The exercises [24] included:

• Single leg stance on a fixed surface (three sets, 10 repetitions followed by a 10 s break)
• Forward lean on a fixed surface (three sets, 10 repetitions followed by a 10 s break )
• Standing on one leg on an unstable surface (three sets, 10 repetitions followed by a

10 s break)
• Forward lean on an unstable surface (three sets, 10 repetitions followed by a 10 s break)
• Throwing a ball with different directions on fixed surface (three sets, 10 repetitions

followed by a 10 s break)
• Throwing a ball in different directions on an unstable surface (three sets, 10 repetitions

followed by a 10 s break)
• Squat on a fixed surface (three sets, 10 repetitions followed by a 10 s break)
• Jump on a fixed surface (three sets, 10 repetitions followed by a 10 s break)
• Squat on an unstable surface (three sets, 10 repetitions followed by a 10 s break)
• Jump on an unstable surface (three sets, 10 repetitions).

For group 2—We proposed the same physiotherapy program but also recommended
the use insoles to improve the medial longitudinal arch (MLA). In this way, we combined
foot orthotics with sensory-motor training, i.e., SFE.

Foot orthosis reduces the severity of symptoms that are secondary to increased flexibility.
We prescribed personalized, semirigid insoles, manufactured by Ortoprotetica (Bucharest,

Romania) based on 3D casting.
The orthoses were manufactured based on plantar pressure evaluations using the

RSScan pressure platform. They featured a semirigid thermoplastic heel cup extending to
the base of the metatarsals with a full-length, perforated ethylene vinyl acetate top cover.
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Each person had his/her own orthosis and was allowed to take part in normal activities.
The insoles were given to the subjects, who were instructed to put them into their shoes.

The insoles were designed based upon force-plate data using the CAD-CAM (CNC)
method (Figure 2a,b).
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In this way, we ensured arch supports in the insoles.

2.3. Statistical Analysis

The aim of the statistical analysis was to identify significant differences in subtalar
flexibility and plantar arch index between the two groups of patients. Statistical analysis is
also used to measure differences between first and second evaluations of these parameters
for each group. This was intended to assess the evolution of each group and to measure
the differences between groups 1 and 2 at the second evaluation.

Data analysis based software packages were used for statistical analyses.
A database was initially created containing the experimental data from the significant

aspects of this research. The recording values of the parameters were analyzed to visualize
the variables, and the statistical analysis was intended to reveal significant differences
between the data series for each group. Descriptive data (means SD) were reported for the
entire patient cohort. Normal distribution was tested using the JB test and visual analysis
of Gauss function for both parameters. We applied a t test for equal and unequal variances
depending on the results of the Levene test for all parameters. Statistical significance was
set at p < 0.05.

All data presented herein have been normalized.

3. Results

The average anthropometric characteristics of the 30 participants were: weight 41.8± 12.72 kg,
height 148.7 ± 10.96 cm, and body mass index 18.84 ± 5.32 kg/m2.

3.1. Evolution of Parameters between EV1 and EV2 for Each Group

We monitored changes in the aforementioned parameters before (EV1) and after (EV2)
the physiotherapy program. The results are presented for each group, for right and left feet
at EV1 and EV2.

Table 1 presents the evolution of subtalar flexibility and Figure 3 shows the average
values of subtalar flexibility for group 1.
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Table 1. Evolution of subtalar flexibility (Group 1, n = 15).

Subject
Subtalar

Flexibility, Left
Side EV1

Subtalar
Flexibility, Left

Side EV2

Variation of
Subtalar

Flexibility, Left
Side %

Subtalar
Flexibility,

Right Side EV1

Subtalar
Flexibility,

Right Side EV2

Variation of
Subtalar

Flexibility, Right
Side %

P16 7.50 5.58 25.60 12.68 9.27 26.89
P17 20.79 13.03 37.33 17.82 15.78 11.45
P18 11.45 10.77 5.94 21.42 19.86 7.28
P19 2.79 1.87 32.97 4.57 3.98 12.91
P20 24.35 23.31 4.27 11.45 10.22 10.74
P21 8.74 7.70 11.90 18.64 16.10 13.63
P22 5.86 4.72 19.45 7.28 6.75 7.28
P23 10.19 6.04 40.73 9.30 8.15 12.37
P24 9.13 2.30 74.81 10.32 9.84 4.65
P25 6.05 5.67 6.28 −17.86 −16.48 7.73
P26 4.54 3.76 17.18 3.37 2.67 19.57
P27 14.86 12.27 17.43 12.83 10.35 19.33
P28 12.66 6.15 51.42 8.41 7.34 12.72
P29 8.57 7.73 9.80 8.88 3.94 55.63
P30 9.45 2.38 74.81 5.22 4.33 17.05

P1–P30 patient number; EV 1—evaluation 1, EV2—evaluation 2.
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Figure 3. Variation of average values and standard deviation for subtalar flexibility for Group 1
between EV1 and EV2 (SFLF = subtalar flexibility for left foot; SFVLF = subtalar flexibility variation
for left foot; SFRF = subtalar flexibility for right foot; SFVRF = subtalar flexibility variation for
right foot).

Table 2 presents the evolution of plantar index arch and Figure 4 shows the average
values of plantar index arch for group 1.

Table 2. Plantar index arch evolution (Group 1, n = 15).

Subject
Plantar Index

Arch, Left Side
EV1

Plantar Index
Arch, Left Side

EV2

Difference
EV1–EV2

Plantar Index
Arch, Right Side

EV1

Plantar Index
Arch,

Right Side EV2

Difference
EV1–EV2

P16 0.93 0.83 0.10 0.91 0.87 0.04
P17 0.51 0.41 0.10 0.57 0.45 0.12
P18 0.78 0.68 0.10 1.12 0.98 0.14
P19 0.73 0.63 0.10 0.95 0.86 0.09
P20 0.70 0.61 0.09 0.73 0.60 0.13
P21 0.79 0.7 0.09 0.73 0.62 0.11
P22 0.80 0.71 0.09 0.79 0.72 0.07
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Table 2. Cont.

Subject
Plantar Index

Arch, Left Side
EV1

Plantar Index
Arch, Left Side

EV2

Difference
EV1–EV2

Plantar Index
Arch, Right Side

EV1

Plantar Index
Arch,

Right Side EV2

Difference
EV1–EV2

P23 0.39 0.30 0.09 0.32 0.29 0.03
P24 0.41 0.32 0.09 0.48 0.33 0.15
P25 0.48 0.39 0.09 0.58 0.42 0.16
P26 0.58 0.50 0.08 0.62 0.55 0.07
P27 0.76 0.68 0.08 0.66 0.56 0.10
P28 0.78 0.70 0.08 1.05 0.78 0.27
P29 0.84 0.77 0.07 0.81 0.78 0.03
P30 0.32 0.28 0.04 0.48 0.32 0.16

P1–P30 patient number; EV 1—evaluation 1, EV2—evaluation 2.
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Table 3 presents the evolution of subtalar flexibility and Figure 5 shows the average
values of subtalar flexibility for Group 2.

Table 3. Evolution of subtalar flexibility (Group 2, n = 15).

Subject
Subtalar

Flexibility, Left
Side EV1

Subtalar
Flexibility, Left

Side EV2

Variation of
Subtalar

Flexibility, Left
Side %

Subtalar
Flexibility,

Right Side EV1

Subtalar
Flexibility,

Right Side EV2

Variation of
Subtalar

Flexibility, Right
Side %

P1 3.78 2.23 41.01 7.87 5.72 27.32
P2 14.32 0.76 94.69 6.85 2.39 65.11
P3 14.73 12.36 16.09 3.51 1.52 56.70
P4 12.43 11.57 6.92 11.37 9.28 18.38
P5 7.64 1.95 74.48 4.88 4.67 4.30
P6 8.61 2.42 71.89 9.21 3.54 61.56
P7 15.34 13.85 9.71 8.77 7.32 16.53
P8 8.53 7.21 15.47 5.05 4.87 3.56
P9 4.70 4.64 1.28 5.74 −1.28 122.30

P10 15.29 8.65 43.43 10.33 6.83 33.88
P11 16.61 6.08 63.40 7.88 3.65 53.68
P12 7.49 6.37 14.95 12.08 0.25 97.93
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Table 3. Cont.

Subject
Subtalar

Flexibility, Left
Side EV1

Subtalar
Flexibility, Left

Side EV2

Variation of
Subtalar

Flexibility, Left
Side %

Subtalar
Flexibility,

Right Side EV1

Subtalar
Flexibility,

Right Side EV2

Variation of
Subtalar

Flexibility, Right
Side %

P13 10.64 8.91 16.26 15.56 9.25 40.55
P14 1.66 0.99 40.36 8.67 5.87 32.30
P15 18.26 7.91 56.68 9.12 7.53 17.43

P1–P15 patient number; EV 1—evaluation 1, EV2—evaluation 2.
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between EV1 and EV2 (SFLF = subtalar flexibility for left foot; SFVLF = subtalar flexibility variation
for left foot; SFRF = subtalar flexibility for right foot; SFVRF = subtalar flexibility variation for
right foot).

Table 4 presents the evolution of plantar index arch and Figure 6 shows the average
values of index arch for Group 2.

Table 4. Plantar index arch evolution (Group 2, n = 15).

Subject Plantar Index Arch
Left Side EV1

Plantar Index Arch
Left Side EV2

Difference
EV1–EV2

Plantar Index Arch
Right Side EV1

Plantar Index Arch
Right Side EV2

Difference
EV1–EV2

P1 0.79 0.54 0.25 0.68 0.55 0.13
P2 0.87 0.64 0.23 0.81 0.71 0.10
P3 0.94 0.74 0.20 0.66 0.58 0.08
P4 0.57 0.38 0.19 0.51 0.39 0.12
P5 0.96 0.78 0.18 0.43 0.32 0.11
P6 0.79 0.62 0.17 0.84 0.79 0.05
P7 1.04 0.89 0.15 0.80 0.75 0.05
P8 0.95 0.80 0.15 0.95 0.81 0.14
P9 1.00 0.87 0.13 0.85 0.74 0.11

P10 0.68 0.56 0.12 0.57 0.44 0.13
P11 0.70 0.58 0.12 0.87 0.65 0.22
P12 0.85 0.73 0.12 0.76 0.66 0.10
P13 0.65 0.53 0.12 0.61 0.49 0.12
P14 0.64 0.53 0.11 0.69 0.54 0.15
P15 0.38 0.27 0.11 0.35 0.29 0.06

P1–P15 patient number; EV 1—evaluation 1, EV2—evaluation 2.
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between EV1 and EV2 (AILF = plantar index arch for left foot; AIVLF = plantar index arch variation
for left foot; AIRF = plantar index arch for right foot; AIVRF = plantar index arch variation for
right foot).

3.2. Statistical Analysis of Parameters Evolution between EV1 and EV2, for Each Group

For both groups, the student’s t-test results and Cohen’s D coefficient in Table 5.

Table 5. p value (student’s t-test) * and Cohen’s D coefficient ** comparing the results between EV1
and EV2.

Group Tests Foot Side Subtalar Flexibility Plantar Index Arch

Group 1

student’s t-test right 0.321 0.088
student’s t-test left 0.086 0.110

Cohen’s D coeff. right 0.176 0.522
Cohen’s D coeff. left 0.528 0.472

Group 2

student’s t-test right 0.001 0.042
student’s t-test left 0.009 0.012

Cohen’s D coeff. right 1.225 0.677
Cohen’s D coeff. left 0.947 0.900

significance level p < 0.05. 0.2 ≤ Cohen ≤ 0.5 small size effect; 0.5 ≤ Cohen ≤ 0.8 medium size effect;
Cohen ≥ 0.8 high size effect.

3.3. Statistical Analysis of Parameters, Comparison between the Two Groups

Student’s t-test results and Chen’s D coefficient are presented in Table 6.

Table 6. p value (student’s t-test) * and Cohen’s D coefficient ** for parameters at EV2 comparing the
results of the two groups.

Tests Foot Side Subtalar Flexibility Plantar Index Arch

student’s t-test right 0.001 0.348
student’s t-test left 0.262 0.170

Cohen’s D coeff. right 0.449 2.198
Cohen’s D coeff. left 0.243 0.365

significance level p < 0.05. 0.2 ≤ Cohen ≤ 0.5 small size effect; 0.5 ≤ Cohen ≤ 0.8 medium size effect;
Cohen ≥ 0.8 high size effect.

3.4. Statistical Analysis of Parameter Variations, Comparison between the Two Groups

Student’s t-test results and Cohen’s D coefficient are presented in Table 7.
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Table 7. p value (student’s t-test) * and Cohen’s D coefficient ** for parameters variations at EV2
comparing tje two groups.

Tests Foot Side Subtalar Flexibility Plantar Index Arch

student’s t-test right 0.004 0.495
student’s t-test left 0.175 0.000

Cohen’s D coeff. right 1.120 0.003
Cohen’s D coeff. left 0.357 0.148

significance level p < 0.05. 0.2 ≤ Cohen ≤ 0.5 small size effect; 0.5 ≤ Cohen ≤ 0.8 medium size effect;
Cohen ≥ 0.8 high size effect.

3.5. Statistical Correlation

Correlations between the two parameters were determined using two coefficients:
Pearson and Spearman. The results are presented in Table 8.

Table 8. Person and Sperman correlation coefficients.

Groups Parameter Pearson Coefficient Spearman Coefficient

Group 1 EV1 subtalar flexibility/plantar index arch left foot −0.04 0.19
Group 1 EV2 subtalar flexibility/plantar index arch left foot 0.22 0.23
Group 1 EV1 subtalar flexibility/plantar index arch right foot 0.27 0.14
Group 1 EV2 subtalar flexibility/plantar index arch right foot 0.27 0.16
Group 2 EV1 subtalar flexibility/plantar index arch left foot −0.26 −0.16
Group 2 EV2 subtalar flexibility/plantar index arch left foot 0.03 0.017
Group 2 EV1 subtalar flexibility/plantar index arch right foot −0.22 −0.26
Group 2 EV2 subtalar flexibility/plantar index arch right foot −0.53 −0.54

EV 1—evaluation1; EV 2—evaluation 2.

4. Discussion

An analysis of Figures 3–8 gives information about the evolution of each parameter
for both groups.
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Figure 7. Average values for subtalar flexibility—comparison between the two groups
(SFLF = subtalar flexibility for left foot; SFVLF = subtalar flexibility variation for left foot;
SFRF = subtalar flexibility for right foot; SFVRF = subtalar flexibility variation for right foot).

For Group 1, we observed average values of subtalar flexibility (Figure 3) and noted
an important decrease for the left (28.6%) and right feet (15.9%), indicating good evolution
for the left foot.

The standard deviation (SD) showed homogeneity for both feet.
For Group 1, we observed in the average (Figure 4) arch index values that good

evolution had occurred, as seen by decrease in the index (which, nonetheless, still remained
outside out of normal values). We also observed a high decrease on the right foot, perhaps
because of right dominance or because of the high degree of severity of FF in right foot
among some of the subjects. The SD revealed more homogeneous values for the left foot.
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(AILF = plantar index arch for left foot; AIVLF = plantar index arch variation for left foot;
AIRF = plantar index arch for right foot; AIVRF = plantar index arch variation for right foot).

In the average subtalar flexibility values (Figure 5) for Group 2, we observed an
important decrease for the right (43.4%) and left feet (37.7%), indicating good evolution for
the right foot. The SD showed homogeneity for both feet.

In the average arch index values (Figure 6) for Group 2, we saw that good evolution
had occurred for both feet, as evidenced by decrease in the plantar index (which, nonethe-
less, still remained outside out of normal values). This decrease was more pronounced
for the left foot than for the right, perhaps as a result of the physical therapy and orthoses
interventions. SD showed homogeneity for both feet.

In Figures 7 and 8, we can see differences in the average values of the two groups. The
results indicate that the differences were greater for Group 2 for both feet.

We conclude that for Group 1, because p was more than 0.05, there was no significant
difference between EV1 and EV2. For group 2, we observed a degree of high significant for
subtalar flexibility and plantar index arch for both feet (Table 5).

In conclusion, the good evolution for both parameters in Group 2 was attributed to
the mixed intervention, i.e., physical therapy and orthoses.

Table 6 reveals a highly significant difference regarding subtalar flexibility in the right
foot (p = 0.001); also, for plantar index arch, the p value was significant value, indicating
that at EV2, the values were not significantly different between the two groups.

In conclusion, we note that subtalar flexibility is the parameter which is most likely to
influence positive therapeutic outcome.

Regarding the comparison of parameters between two groups, we observed a size
effect, as assessed using the Cohen’s D coefficient at EV2; the result is presented in Table 6.

A comparison regarding the variations in the parameters revealed highly significant
differences between two groups regarding subtalar flexibility for the right foot (p = 0.004)
and plantar index arch for the left foot (p = 0.000) (Table 7).

For other data, p values greater than 0.05 indicated the lack of significant difference
between two groups (Table 7).

In conclusion, we consider that that parameters to be take into consideration when
monitoring the effects of physiotherapy and orthosis interventions ought to be subtalar
flexibility and plantar index arch, as the evolution of both parameters showed significant
differences between the two groups. A much greater difference was observed for the left
foot for plantar index arch.

We observed that was an inverse correlation for the left foot for both groups, and
for the right foot with Group 2 only. This means that a decrease of subtalar flexibility
could generate an increase in plantar index arch, even if the values of the two coefficients
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are around 0.00. We conclude therefore that there is no correlation between these two
parameters (Table 8).

As many authors have underlined, classifying flat foot is a complicated process. In
this context, Menz et al. discussed possible ways to place the foot in one of three situations:
hyperpronation, neutral position, supination [21,25]. In our research, we tried to create
an algorithm with which to assess FF in a therapeutic context. The results of our research
revealed that assessments of physiotherapeutic interventions (rehabilitation) including
orthoses are need to continuously monitor the program protocols. This requirement is based
upon many questions searches regarding measurement methods for flat foot assessments.
Analyses of the relationship between subtalar angle and MLA have been made by many
authors using radiographic methods. For example, Sinclair et al. evaluate this relationship
during running and observed that it was not relevant, and that the subtalar angle is
not a predictor of the development of FF. Despite this, the authors observed that after
45 min of running, significant changes of subtalar angle sometimes occurred [19]. These
aspects justify our research, which involved static and dynamic conditions, and are also
in accordance with our results regarding subtalar flexibility and its role in monitoring the
evolution of FF during physical therapy.

Bosch et al. studied the correlation between radiographic measurements of calcaneal
inclination angle and plantar index arch in children. They observed that the plantar arch
normalizes at around 5 years age if therapeutic intervention occurs early on, due to its
effect on the calcaneal inclination angle [26].

Regarding physical therapy interventions, Wong et al. outlined the lack of a real
foot classification method that could be used for clinical and therapeutic decision-making
according to scientific evidence. They proposed an analysis of two aspects: clinical evalu-
ation results and plantar index arch (calculated using AutoCAD software from footprint
photographs) in 11 children that were involved in a physical therapy program. The re-
sults demonstrated that the plantar index arch values derived from plantar footprint
photographs showed excellent reliability in people with varying BMI. Foot-type classi-
fication may help clinicians and researchers to subdivide sample populations to better
differentiate mobility, gait, or treatment effects among foot types [27]. This study was in
accordance with our results, which highlights the importance of examining the literature
on the morphofunctional parameters of FF before designing rehabilitation programs.

Our approach indicated that biomechanic evaluations of FF could be used to monitor
the efficacy of physical therapy interventions. This is in according with Langley et al., who
observed the absence of a consensus regarding the choice of a therapeutic approach based
on the morpho-functional aspects of foot [15].

Halabachi et al. also described the potential value of a physiotherapeutic strategy
based on the use of appropriate footwear, foot orthoses (shoe inserts), and physical ther-
apy including stretching and strengthening [16,28]. They concluded that are a lot of
shortcomings regarding complex assessments of FF involving correlations between foot
biomechanical parameters. However, they made reference to a study by Evans et al. which
recommended exercise for flat feet, in the form of barefoot walking [29]. The main focus of
such an exercise program is on stretching tight structures, strengthening weak components
and improving proprioception and postural balance, which is in line with the approach
proposed in our study.

Our intention here is to improve the literature data, assist in the design of rehabilitation
programs based on evaluations, and demonstrate that SFE causes the head of the metatarsal
bone to approach the heel without bending the toes in a weight-bearing state where.

These aspects are more relevant, because surgery in FF is still controversial, and little
information is available regarding the efficacy of conservative management of flexible flat
foot in children [30].

The results of our research underline the importance of customized management in FF,
in accordance with Kachoosangy et al., who suggested that management strategies should

302



Children 2022, 9, 427

be customized to symptomatic patients or persons with hereditary gait disorders or other
comorbidities which increase the probability of growing dysfunction over time [31].

Our results suggest that orthoses interventions have to be monitored and adaptable
according to the evolution of two parameters studied in this research. In this context
Evans et al. concluded that until such time that the parameters of FF have become stan-
dardized, the best approach is the use of available, evidence-based management models.
Those authors support ongoing studies and conclude that physical exercises for foot flat
and follow-up involving the use of modified footwear are effective [29].

The results of our research demonstrate that physiotherapeutic and orthoses interven-
tions result in improved subtalar flexibility and plantar arch index due to their ability to
reduce the compensatory role of muscle groups that promote inversion and increase the
role of the long perionier muscle (PL), as noted by Cho et al. [32].

At the same time, Youn et al. analyzed the subtalar joint during and after orthoses
intervention using radiography, and observed that custom-made rigid foot orthoses (RFO)
in children older than 6 years of age with pes planus (flat foot) can bring about significant
improvements in calcaneus-related radiographic indices, and subsequently, improve talus-
related radiologic indices [33].

5. Conclusions

Analyses of two parameters, i.e., subtalar flexibility and plantar arch index, allowed
us to design and monitor therapeutic interventions and evaluate the difference between
physiotherapy intervention alone and combined methods.

Improvements of plantar index arch in static and dynamic situations created the premise
of a good therapeutic intervention, resulting in increased foot balance and postural control.

There are a lot of studies on the effects of therapeutic footwear, wedges, and insoles,
but none which examines the evolution of MLA.

Sensory-motor training such as SFE is insufficient; such approaches must be extended
to include analyses of biomechnic FF parameters in different conditions.

Future studies are required to investigate the long-term results of combined treatment
of SFE on postural balance in subjects with a flat feet, and to evaluate the efficacy of the
combination of SFE and orthoses interventions based on biomechanic analyses of FF.

We found no correlation between subtalar flexibility and plantar arch index. However,
perhaps an association between these two parameters in FF could be found by examining
the anatomic changes in the subtalar joint and its impact under the dynamic and pas-
sive systems of the ankle–foot complex. Such a connection could give rise to improved
therapeutic methods.

Future research is need to assess and design therapeutic programs for the treatment of
flat foot. This study was limited by its small group of patients and the fact that the subjects
did always adhere to the physical therapy program or use the insoles.
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