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Abstract

The pathological condition of obesity has an effect on quality of life. The larger body size, the greater body mass index, the
abnormal body fat distribution, and the potential for neuromuscular disorders in obese children contribute to their body
instability, resulting in poor static and dynamic stability. Poor body stability in obese adolescents can lead to a higher risk of
falls and fractures. Daily physical activities and exercise are the main solutions to deal with balance problems in obese
individuals. The exercise intervention that is often recommended for obese children and adolescents is endurance training, but
the level of compliance is low because it takes a long time. Resistance training is an alternative that can be given but requires
supervision to avoid the risk of injury. The purpose of this study was to compare of effects endurance and resistance training
on static and dynamic balance in obese adolescent boys. This study was conducted from July 2020 to September 2020. The
subjects were adolescent boys aged 14-18 years with an age-appropriate body mass index (CDC BMI chart 2000) > P95,
Twenty-five subjects were randomized into two groups, endurance and resistance groups. Frequency resistance training 3
times a week for 8 weeks. The intensity was determined using the Borg scale, increasing gradually. Endurance training starts
with light intensity and increasing gradually to moderate intensity with aerobic exercise (Zumba fitness) for 30-60 minutes, a
frequency of 3 times a week for 8 weeks. This study was conducted without calorie restriction. The assessments include static
balance with the Standing Stork test and dynamic balance with the Modified BASS Balance test. The pre - intervention static
balance in endurance group was 2.21+0.80, and post-intervention 3.93+1.44, significance 0.002, while the pre-intervention in
resistance group was 2.30+0.67 and post-intervention was 4 .05+1.66 the significance 0.001. The dynamic balance data for
the pre-intervention endurance group was 79.08+11.1 and post-intervention 94.17+6.29, with significance 0.000, while the
pre-intervention in resistance group was 75.85+14.88 and post-intervention was 95 .38+6.29, with significance 0.000. The
changes instatic and dynamic balance before and after intervention between the 2 groups there was no significant difference
with p-value of 0.955 for static balance and p-value of 0.288 for dynamic balance. Endurance training and resistance training
regularly 3 times a week for 8 weeks have an effect on improving static and dynamic balance in obese adolescent boys.
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INTRODUCTION

Obesity among adolescents has short-term and long-term consequences in terms of physical and
psychosocial development (Elissa and Whitney, 2016). The prevalence of overweight and obesity in children and
adolescents in the world increased from 4.2% in 1990 to 6.7% in 2010, and is expected to reach 9.1% in 2020
(Madarina, 2014; Damayanti et al, 2014) . More than 10% of children and adolescents in big cities in Indonesia
are obese, based on data from the 2013 Basic Health Research (Riskesdas) the prevalence of obesity based on
weight/height in children under five in 2007, 2010 and 2013 respectively 12 ,2%, 14.0%, and 11.9%, respectively.
as well as children/adolescents aged 5-12,13-15, and 16-18 years old based on body mass index were 8.8%, 2.5%,
respectively. and 1.6% (Madarina, 2014 and Damayanti et al, 2014).

The pathological condition of obesity has a profound effect on disability and quality of life. Larger body
size, greater body mass index, abnormal body fat distribution, and the potential for neuromuscular disorders in
obese adolescents contribute to their posture instability, resulting in poor static and dynamic postural stability
(Fenghua Sun et al, 2015). Poor posture stability in obese adolescents can lead to a higher risk of falls and fractures
compared to normal weight adolescents (Lucky et al, 2017; Capodaglio et al, 2012).

There are differences in body fat patterns between men and women, this is influenced by hormones. In
men affected by the android hormone, relatively large fat accumulates in the upper body, while in women it is
influenced by the gynoid hormone, relatively large body fat in the hip and thigh area. The distribution of body fat
is partly controlled by hormones, and this is especially important at puberty. In a study stated that gender plays a
role in influencing balance, this is due to the distribution of fat and the level of muscle mass in the body. Men
have less fat and more muscle mass than women who have more subcutaneous fat. The male hormone testosterone
affects the synthesis of proteins that are useful for the formation of muscle mass, and muscle mass is needed for
muscle strength. The female hormone estrogen regulates fat distribution, where more fat deposits in the muscles
(Helen, 2008; Michael, 2010)
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Weight loss in obese adolescents is associated with a decrease in body mass index and body fat, an
increase in physical activity, and an increase in movement skills. One study found that weight loss in obese adults
improved their posture stability. However, only a few studies have examined the effect of body weight on reducing
postural balance in obese children and adolescents (Fenghua Sun et al, 2015).

Daily physical activities and exercise can be the main solution to deal with balance problems in
adolescents with obesity. A study found that weight loss in obese adolescents could improve their posture stability.
Endurance training or also known as aerobic exercise is an exercise with a fairly long period of time with low to
moderate intensity and uses aerobic metabolism, but the most common limitation is adherence to this type of
exercise. Resistance training has long been prohibited for use in children and adolescents because it is considered
a risk of causing musculoskeletal injury or having a negative effect because of the effect of mechanical constraints.
In the case of obese, resistance training is not recommended because it produces low energy expenditure and has
minimal effect on adipocytes, but several recent studies have shown that resistance training in adolescents can be
done safely and provides benefits if done with supervision and according to procedures (Aucouturier and Thivel
, 2015).

Research on the comparison of the effects of endurance and resistance training on obese adolescent boys
is still very limited. The purpose of this study was to compare the effects of endurance and resistance training on
static and dynamic balance in obese adolescent boys.

METODE

The research method used is experimental with pre and post randomized group design. The subjects of this
study were obese adolescent boys aged 14-18 years. Subjects who met the inclusion criteria and did not include
the exclusion criteria were randomly divided into two groups, namely the endurance group and the resistance
group. The technique of taking research subjects with consecutive sampling was then randomized using a lottery
until the required number of subjects was reached. The research was conducted at 2 senior high school in Surabaya
Indonesia from July to September 2020.
The sample size in the study was determined based on the formula (Lwanga & Lemeshow, 2003):

n=2Z1/20+ ZB)? .02 =2 (2.89)%(1.96+1.28)> =11

(M1 - H2)? (30.1-34.72)?
n = number of subjects in each group.
Z1/20 = alpha standard deviation (o = 0.05) = 1.96
7P = Beta standard deviation (f =0.10) = 1.28
Anticipation of dropping out of the 20% test is 2.2, n = 11 + 2.2 = 13.2 = 14 people. The number of research
subjects for each group was 11 men. The total minimum number of research subjects is 22 people.
Inclusion criteria

e Male aged 14-18 years old,

e Body mass index according to age percentile (CDC BMI chart 2000) > P95.

e Subjects are willing to participate in this study by signing the informed consent form. And the subject's
parents agreed to the subject's involvement by signing the consent form as a witness

Exclusion criteria

e Subjects are undergoing a routine aerobic or resistance training program (at least 2x/week) and
programmed in the last 2 months.

e Have a history of ischemic heart disease, heart failure. Have a history of asthma triggered by physical
activity.

e Having comorbidities that require the subject to take medication regularly and affect body composition
such as Cushing's syndrome, DM, hypothyroidism. Have a neuromusculoskeletal disease. Impaired
vision and hearing that can interfere with audiovisual communication.

Dropout criteria

e Research subjects are not willing to continue the study for any reason.

e could not complete the exercise in accordance with the established research protocol, namely not
following the program for 3 consecutive training sessions from the number of training sessions for 8
weeks.

e Subjects experienced complications during the exercise program such as shortness of breath, syncope,
chest pain and other complications that made it impossible to continue the exercise.

Data analysis
The data were analyzed computerized with SPSS v20.0 using several tests:

»  Saphiro Wilk test to determine the normality of the data in each group of endurance and resistance
training.

»  Free sample t-2 test (independent t test) to compare the initial characteristics of research subjects in the
endurance and resistance groups before the exercise program if normally distributed.
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» Mann Whitney test to compare the initial characteristics of research subjects in the endurance and
resistance groups before the exercise program if the distribution is not normal.

» Paired t-test to compare dynamic balance before and after an 8-week training program in the endurance
and resistance training groups.

»  Wilcoxon signed rank test to compare static balance before and after an 8-week training program in the
endurance and resistance training groups.

* Independent t-2 test (independent t-test) to compare changes in static and dynamic balance before and
after an 8-week training program in the endurance training group compared to resistance training.

The intervention carried out was endurance and resistance training without calorie restriction. Resistance
exercises using body weights in the trunk, lower and upper extremity muscle groups with repetitions increasing
gradually up to 15x for 4 sets (resting between sets of 2-3 minutes), frequency 3 times a week for 8 weeks. The
intensity is determined using the Borg scale which can perform up to 5x on a scale of 14-15 (90% heavy intensity
1 RM), up to 10x on a 12-13 scale (moderate 70% 1 RM), up to 15x on a 10-11 scale (mild 50 % 1 RM). The
exercise is preceded by stretching for 8 repetitions for the head, neck, upper extremities, trunk, and lower
extremities. The exercises include the following techniques: Jumping Jacks, Wall Sits, Push Up, Abdominal
Crunch, Step-up on to chair, Squat, Tricep dip on chair, Plank, High Knees, Lunge, Push up and rotation, partial
curl. Endurance training begins with light intensity (THR: 57-64% HRMax) gradually increased to moderate
intensity (THR: 64-76 HRMax) with aerobic exercise (zumba fitness) for 30-60 minutes, gradually increasing
(preceded by a 5-10 minute warm-up, core 20-40 minutes, cool down 5-10 minutes), frequency 3 times a week
for 8 weeks. The calculation of HRMax with the Astrand formula is HRMax = 216.6 — (0.84 x age). Exercise
includes whole body movement with a combination of aerobics and dance. The volume of exercise is increased
gradually, starting with increasing duration and then increasing in intensity.

Subjects with inclusion criteria

(n=26) __ |
— —
resistance group (n=13) Endurance group (n=13)
_ |
End evaluation (n=13) End evalUation (n=12)

Figure 1. Research subject

Parameters evaluated in this study include BMI (body mass index), abdominal circumference, LBM
(Lean Body Mass), static balance (KS) with standing Stork test and dynamic balance (KD) with modified BASS
balance test. Assessment of all parameters was carried out twice, pre and post research. The total subjects of this
study were 26 obese adolescent boys who were divided into 2 groups (endurance and resistance) with a random
system. There was 1 person dropped out of the endurance group because the training schedule clashed with school
activities.

RESULT
This research received ethical approval from the Health Research Ethics Committee, Faculty of Medicine,
Airlangga University, Surabaya with No.120/EC/KEPK/FKUA/2020.

1. Characteristics of Research Subjects for Endurance and Resistance Groups

The subjects analyzed in this study were 25 adolescent boys diagnosed with obesity according to the 2000
CDC scheme, the research subjects were divided into 2 groups, resistance group of 13 peoples and endurance
group of 12 peoples. The results of the homogeneity test using the Independent t test (table 1) showed that the
variables of body mass index (BMI), abdominal circumference, and dynamic balance in the endurance and
resistance groups had no significant differences with p value > 0.05. Mann Whitney test for variables of age,
LBM, and static balance (KS) showed no significant difference in the two groups of endurance and resistance
with p-value >0.05.

The data normality test used the Saphiro Wilk Test (table 2), the distribution of the data showed a normal
distribution on the variables of body mass index (BMI), abdominal circumference, and dynamic balance (KD) in
both groups, and LBM in the resistance group with p value > 0.05, so used parametric statistical test. The variables
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of age, and static balance between the two groups, and LBM in the endurance group were not normally distributed
(p-value <0.05) so the Mann Whitney non-parametric test was used.

Table 1 Initial characteristics of research subjects in the endurance and resistance groups

variable Endurance Resistance
BMI(kg/m?) 32,75 +3,77 34,37+4,68 0,361
Age (years) 15,50+0,52 15,46+0,52 0,851
Abdominal circumference(cm) 105,79+7,38 105,31+12,63 0,900
LBM (%) 61.43+5.36 58.27+9.96 0.301
KS (s) 2,21+0,80 2,30+0,67 0,429
KD(score) 79,08+11,1 75,85+14,88 0,547

*Test for homogeneity with independent t test and Mann Whitney is significant if p-value <0.05

Table 2 Test for normality of the characteristics of research subjects in the endurance and resistance group (pre-
intervention)

Variable Endurance Group Resistance Group
Mean p-value Mean p-value
BMI(kg/m?) 32,75 +3,77 0,839* 34,371+4,68 0,533*
Age (years) 15,5040,52 0,001 15,46+0,52 0,001
Abdomen Circumferance (cm) 105,79+7,38 0,160* 105,31+12,63 0,220*
LBM (%) 61.43+5.36 0.001 58.27+9.96 0.561*
KS (s) 2,21+0,80 0,002 2,30+0,67 0,034
KD(score) 79,08+11,1 0,749* 75,85+14,88 0,340*

*Saphiro Wilk test is normally distributed if p-value>0.05

The results of the Saphiro Wilk test (table 2) show that the body mass index (BMI) data in the endurance
and resistance groups are normally distributed, so parametric statistical tests are used. The body mass index of the
pre-exercise endurance group averaged 32.75+3.77 kg/m2 with a p-value of 0.839, while the pre-exercise BMI
resistance group averaged 34.37+4.68 kg/m2 with a p-value of 0.533. Based on the statistical test of the
independent samples t test (table 1), there was no significant difference for the BMI of the research subjects
between the two groups with a p-value of 0.361.

The results of the Saphiro Wilk test (table 2) show that the age data in the endurance and resistance
groups are not normally distributed, so non-parametric statistical tests are used. The average age of the endurance
group was 15.50+0.52 years with a p-value of 0.001. The mean age of the research subjects from the resistance
group was 15.46+0.52 with a p-value of 0.001. Based on the Mann Whitney statistical test (table 1), there was no
significant difference for the age of the research subjects between the two groups with a p-value of 0.851.

The results of the Saphiro Wilk test (table 2) show that the abdominal circumference data in the
endurance and resistance groups were normally distributed, so parametric statistical tests were used. The
abdominal circumference of the pre-exercise endurance group averaged 105.79+7.38 cm with a p-value of 0.160,
while the pre-exercise abdominal circumference resistance group averaged 105.31+12.63 cm with a p-value of
0.220. Based on the statistical test of the independent samples t test (table 1), there was no significant difference
for the abdominal circumference of the research subjects between the two groups with a p-value of 0.900.

The results of the Saphiro Wilk test (table 2) show that the LBM data in the endurance group is normally
distributed and the resistance group is normally distributed, so parametric statistical tests are used. The lean body
mass of the pre-exercise endurance group averaged 61.43+5.36% with a p-value of 0.001, while the pre-exercise
LBM resistance group averaged 58.27+9.96% with a p-value of 0.561. Based on the Mann Whitney statistical test
(table 1), there was no significant difference for the LBM of the research subjects between the two groups with a
p-value of 0.301.

The results of the Saphiro Wilk test (table 2) show that the KS data in the endurance and resistance
groups are not normally distributed, so non-parametric statistical tests are used. The static balance of the pre-
exercise endurance group averaged 2.21+0.80 seconds with a p-value of 0.002. In the resistance group, the average
pre-exercise KS was 2.30+0.67 seconds with a p-value of 0.34. Based on the Mann Whitney statistical test (table
1), there was no significant difference for the KS of the research subjects between the two groups with a p-value
of 0.429.

The results of the Saphiro Wilk test (table 2) show that the KD data in the endurance and resistance
groups are normally distributed, so parametric statistical tests are used. The dynamic balance of the pre-exercise
endurance group averaged 79.08+11.1 with a p-value of 0.749. In the resistance group, the average pre-exercise
KD was 75.85+14.88 with a p-value of 0.340. Based on the statistical test of the independent samples t test (table
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5.1), there was no significant difference for the KD of the research subjects between the two groups with a p-value
of 0.547.

Table 3. BMI data before and after Endurance and Resistance training

Variable BMI pre exercise (n=12) post Exercise significance*
Endurance (kg/m?) 32,75 +3,77 31,83+3,86 0,001*
Resistance (kg/m?) 34,371+4,68 34,07£5,02 0,265

*Test paired t test, the difference is significant if the value of significance <0.05

Table 4. Abdominal circumference before and after Endurance and Resistance exercise.

Variable Abdominal Pre exercise (n=12) Post exercise significance*
Circumference
Endurance (cm) 105,79+7,38 101,79+8,29 0,004*
Resistance (cm) 105,31+12,63 104,38+12,40 0,396

* Paired t test, the difference is significant if the significance value is < 0.05

Table 5 LBM before and after Endurance and Resistance exercise.

Variable LBM Pre exercise (n=12) Post exercise significance*
Endurance (%) 61.43+5.36 82.17+£7.54 0,002*
Resistance (%) 58.27+9.96 74.10+8.83 0.000*

*Test paired t test and Wilcoxon rank t test, the difference is significant if the significance value <0.05

The results of the paired t test (table 3) show that the BMI data before and after endurance training have
a significant difference (significance 0.001). Body mass index before and after resistance training had no
significant difference (significance 0.265).

The results of the paired t test (table 4) showed that the data on the abdominal circumference before and
after endurance exercise had a significant difference (significance 0.004). Pre- and post-resistance abdominal
circumference had no significant difference (significance 0.396).

The results of the Wilcoxon rank t test (table 5) showed that the LBM data before and after endurance
training had a significant difference (significance 0.002). Lean body mass before and after resistance training had
a significant difference (significance 0.000).

2. Static and Dynamic Balance Data Pre and Post Endurance

Endurance group static balance data were analyzed using non-parametric Wilcoxon signed rank test
because the data were not normally distributed. The endurance group dynamic balance data used parametric
statistical tests because the data were normally distributed. The parametric test uses paired t-test. Data were taken
before and after endurance training.

Table 6 Data for static and dynamic balance before and after Endurance exercise

variable Pre exercise Post exercise significance*
Endurance KS (s) 2,21+0,80 3,93+1,44 0,019*
KD (score) 79,08+11,1 94,17+6,29 0,000*

* Paired t test and Wilcoxon Signed rank test, the difference is significant if the significance value is <0.05
The results of the Wilcoxon signed rank test (table 6) showed that there was a significant difference
between the pre- and post-endurance KS data (significance 0.019). The results of the paired t test (table 6) for pre-
and post-endurance KD data (significance 0.000) have significant differences.

3. Static and Dynamic Balance Data Pre and Post Resistance Exercise

Static balance data of the resistance group were analyzed using non-parametric Wilcoxon signed rank
test because the data were not normally distributed. The dynamic balance data of the resistance group used
parametric statistical tests because the data were normally distributed. The parametric test uses paired t-test. Data
were taken before and after resistance training.
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Table 7 Data for static and dynamic balance before and after resistance training

variable Pre exercise Post exercise significance*
Resistance KS (s) 2,30+0,67 4,05+1,66 0,003*
KD(score) 75,85+14,88 95,38+6,29 0,000*

* test paired t test, test and Wilcoxon Signed rank test significant difference if the value of significance <0.05

The results of the Wilcoxon signed rank test (table 7) showed that the KS data before and after resistance
training (significance 0.003) had a significant difference. The results of the paired t test (table 7) KD data before
and  after resistance training (significance  0.000) have a  significant  difference.
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Figure 2 Graph of static balance, dynamic pre and post endurance and resistance training for 8 weeks

4. Data on Static and Dynamic Balance Differences between Endurance and Resistance Exercises

Independent t test was performed on both groups to determine the difference between static and dynamic
balance before and after endurance training and resistance training.

Table 8 Differences in static and dynamic balance between endurance training and resistance

training
Variable Endurance Resistance
KS post-pre (s) 1,72+1,47 1,76+1,49 0,955
KD post-pre (score) 15,08+8,45 19,54+11,62 0,288

*Test Independent t test, significant if p value <0.05

The results of the independent t test (table 8) on the static balance between the 2 groups of endurance and
resistance training performed after 8 weeks there was no significant difference with a p value of 0.955. There was
also no significant difference between the 2 groups of endurance and resistance with a p value of 0.288.

DISCUSSION

In this study, the initial characteristics of research subjects on the variables of age, body mass index
(BMI), abdominal circumference, static balance and dynamic balance between the endurance and resistance
groups were not significantly different with p-value >0.05.

The data of this study indicate that obese adolescents (average BMI above 30 kg/m2 in both groups) have
a risk of static and dynamic imbalances, this is indicated by standing stork test on all subjects (100%) both in the
endurance and resistance group had poor static balance and for dynamic balance with modified Bass balance test
was in the 50% endurance group, while the 70% resistance group was classified as unbalanced (score <80%).
Research subjects in both groups (100%) had a large abdominal circumference (more than 90cm), LBM was less
than normal (less than 76%).

Abdominal circumference, large BMI, and LBM below normal were factors that contributed to the static
and dynamic imbalance in both groups. The initial characteristics of the subjects of this study are in accordance
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with the study of Fenghua Sun et al (2015), which stated that obese children/adolescents had poor performance in
static and dynamic postural control. The larger body size and body mass index, abnormal body fat distribution,
and potential neuromuscular loss of obese children may contribute to their postural instability. Bataweel and
Ibrahim (2020) also revealed the same fact, that the side effects of obesity in children are impaired postural balance
and musculoskeletal flexibility disorders, center of mass (CoM) shift factor, decreased sensitivity of
mechanoreceptors in the feet, and increased load on the lower extremities. suspected to be a factor responsible for
balance disorders in obese children/adolescents.

This study aims to compare static and dynamic balance in obese adolescent boys after intervention of
endurance and resistance exercise, according to the initial data of research subjects for the variables of BMI, age,
abdominal circumference, LBM, static and dynamic balance are homogeneous, so that the two groups can be
compared.

Static and Dynamic Balance Pre and Post Endurance

In this study, the post-intervention endurance group 3 times per week for 8 weeks could significantly
improve static and dynamic balance (significance <0.05). In this endurance group, there was also a significant
decrease in BMI and abdominal circumference, as well as a significant increase in LBM (significance <0.05).

The results of this study are supported by previous studies; Manjula et al (2018) which states that endurance
training with Zumba fitness can increase trunk muscle strength, LBM, endurance, and balance. These changes
will improve posture and increase skeletal muscle strength, as well as improve balance and coordination.

Kolayis and Arol (2020), also support this research. A study from Kolayis and Arol with zumba training
on adolescent girls aged 15-17 years, BMI more than 24.9, zumba performed 3 times a week for 8 weeks showed
a positive effect on body composition and improvements in functional mobility, as well as improvements in
dynamic balance.

Bastug (2018), there is a significant difference between pre and post-intervention in body weight, BMI,
flexibility, balance, and concentration in students who do endurance training with dancing (experimental group),
compared to the control group who does not do dance exercises. This study was conducted on students with a
mean age of 20.59+1.59 years, male and female, with an intervention of 30-70 minutes of exercise once a week
for 14 weeks. Hugel et al (2007), also stated that physical exercise with dancing has the effect of strength,
flexibility, endurance, balance and body coordination (Bastug, 2018).

This study showed that in the endurance group there was a significant decrease (significance <0.05) for
BMI and abdominal circumference, as well as a significant increase in LBM after endurance training 3x/week for
8 weeks without calorie restriction. This statement is in accordance with the statement of Luettgen et al (2012),
that Zumba burns an average of 369 calories or about 9.5 kcal per minute. This Zumba exercise is done for 32-52
minutes in one workout. When practicing Zumba exercise, you will sweat and burn more calories. Zumba exercise
three times a week in one month can lose 3 kg of body weight (Laela, 2016). Muriyati et al (2014) and Ljubojevic
et al (2014) also state the same thing, that endurance training is effective for weight loss and fat loss if done
regularly (Muriyati et al, 2014).

Fenghua Sun et al (2015), weight loss in obese adults can improve the stability of their posture. The study
of Winter et al (1998), revealed a significant relationship between waist-abdominal circumference and the amount
of foot or hand contact required by subjects to avoid falling while standing on one leg. The Mainenti MRM et al
(2011) study stated that body weight, body mass index, abdominal circumference, fat percentage, and fat mass
were positively and significantly correlated with the amount of contact required to avoid falling during a unilateral
stance. Hannah et al, (2012) an increase in segmental mass, especially in the trunk in obesity, limits the range of
motion of the knee joint during flexion and causes poor posture in obese people, this segmental mass in the trunk
results in a forward shift of the Center of Mass (CoM), and limiting the Base of Support (BoS) which causes
instability effects. Sizoo et al (2020), which stated that changes in LBM and fat-free mass will be associated with
muscle mass. These studies can support the results of this study, where a significant decrease in BMI and
abdominal circumference (tables 3 and 4) will have an effect on improving posture, improving CoM shift and
improving foot contact to maintain balance. A significant increase in LBM (table 5) is associated with an increase
in muscle mass which will contribute to increasing muscle strength. These parameters were not evaluated in this
study (muscle mass, muscle strength, foot contact, posture and CoM shift), so further research is needed to support
the results of this study.

Static and Dynamic Balance before and after Resistance Training.
In this study, the post-intervention resistance group 3 times per week for 8 weeks could improve static

balance, dynamic balance, and significantly increase LBM (significance <0.05). Changes in BMI and abdominal
circumference in the resistance group were not significant (significance >0.05).
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A systematic review from Sarabon and Kozinc (2020), showed that resistance training interventions can
significantly improve balance in adults and the elderly. These findings have implications that resistance training
can be used to improve muscle strength, as well as balance at the same time. Resistance exercises targeting mainly
lower limb muscles with various types of load (body weight, elastic band, free weight, and resistance machines)
have been shown to be effective for improving balance ability, the intervention should be long enough (4 weeks
and more). In this systematic review the duration of training is between 6 to 14 weeks, 3 times a week. Studies
were conducted on the elderly and adults, only one study was conducted on a population of healthy non-obese
children (Sarabon and Kozinc, 2020).

Studies on resistance training in obese adolescents with the effects of static and dynamic balance are still
very limited. So far, resistance training is not recommended for children/adolescents, because they are worried
about the side effects of injury and require supervision. In this study, no side effects were reported during
resistance training, so resistance training can be said to be safe for obese adolescents.

McGuigan et al (2009), this study examined overweight and obese adolescents in boys and girls with
resistance training 3 times a week for 8 weeks, their research showed that there was a significant reduction in
absolute body fat percent from 2.6% (p = 0.003) and a significant increase in LBM 5.3% (p = 0.07). There were
no significant changes in body weight, BMI, total fat mass, or bone mineral content. This study shows that a
resistance training program produces significant changes in composition and strength.

Watts et al (2005), stated that BMI did not decrease significantly because this resistance exercise increased
muscle mass. Resistance training is an effective exercise for inducing hypertrophy of specific muscle groups,
increasing LBM, improving glycemic control, increasing basal metabolic rate and possibly losing fat as a
consequence. This study was conducted on obese adolescent boys and girls, with resistance training 3 times a
week for 8 weeks with an intensity of 50-70% 1 RM, 2 sets of 12—15 repetitions, using the following techniques:
leg press, bench press, military press, bicep curls, lat pull downs, tricep extensions and abdominal curls, without
calorie restriction. This study showed no significant change in BMI, total body fat decreased by an average of
0.6% or about 700g of fat tissue mass, which mostly came from the abdominal/total side as measured by DEXA
and CT scan, subcutaneous fat did not change.

Van der Heijden et al, 2010; reported that after a 12-week resistance training program (2 sessions/week,
session length of 1 hour in overweight and obese adolescents) there was an increase in body mass in adolescents
aged 15 years, but 80% of this increase was due to an increase in muscle mass. This confirms previous studies
showing that resistance training for 6 weeks in obese children can increase body muscle mass.

In this study, the resistance group experienced improvements in static and dynamic balance, but it was not
followed by a significant decrease in BMI and abdominal circumference. An increase in LBM after intervention
with resistance training 3 times a week for 8 weeks showed increased muscle mass, decreased body fat so that the
BMI changes were not significant. Increased muscle mass will contribute to increasing muscle strength, this is the
cause of increased static and dynamic balance in adolescents with obesity. This statement is in accordance with
the study of Sizoo et al (2020), which states that changes in LBM and fat-free mass will be related to muscle mass.
Thomas and Burns (2016), resistance training 3 times a week for 8 weeks can increase LBM and will increase
muscle strength. Howard (2007), with an increase in muscle size, it will represent more muscle strength.
Capodaglio et al (2012), showed that muscle strength plays an important role in dynamic conditions, normalizing
body weight related to functional performance in obese patients. One of the prerequisites for balance control is
the ability to produce muscles with sufficient muscle strength to maintain stability during movement.

In this study, the factors of changing body composition (increased muscle mass) and muscle strength that
cause improvements in static and dynamic balance were not evaluated, so further research is needed to support
the results of this study.

Comparison of the Differences in Static and Dynamic Balance between Endurance and Resistance Training

In this study, there was no significant difference static balance between 2 groups of endurance and
resistance training after 8 weeks (p > 0.05). There was also no significant difference dynamic balance between 2
groups of endurance and resistance (p > 0.05).

This study shows that both endurance and resistance training have a positive effect on improving static and
dynamic balance in obese adolescents. In this study, no side effects were found in both groups, so it can be
concluded that this type of exercise is safe for obese adolescents as long as exercise activities are carried out with
appropriate procedures and under the supervision of a supervisor (especially for resistance training).

Willis et al (2012) compared resistance and endurance training. Endurance training reduces body weight
and fat mass significantly more than resistance training. Changes in body fat percentage are driven by different
mechanisms in which resistance training increases lean body mass (LBM) and endurance training decreases fat
mass. This study demonstrated that endurance exercise significantly reduced visceral adipose tissue more than
resistance exercise and tended to have similar results on changes in liver fat.
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In this study, resistance training with a shorter duration (average 20 - 35 minutes) resulted in BMI not
decreasing significantly due to an increase in LBM, so that muscle mass would increase. This will affect the
increase in muscle strength to improve static and dynamic balance. Resistance training involves type Il fibers
which have a greater capacity for hypertrophy, this is due to the hydrolysis of adenosine triphosphate (ATP) 2-3
times faster than type | fibers (Jacob et al, 2012). Muscle hypertrophy involving type 1l muscle cells through
mechanisms of mechanical tension, muscle damage, and metabolic stress (Brad J, 2010).

In this study, endurance training with a duration of 45-60 minutes was able to reduce BMI and abdominal
circumference better than resistance training, endurance training could also increase LBM. Endurance training
causes a significant decrease in BMI, abdominal circumference, and a significant increase in LBM which will
improve posture, thereby improving proprioception. An increase in LBM is related to an increase in muscle mass
which will affect muscle strength to maintain balance during static and dynamic conditions. Endurance training
involves recruiting exclusively type I motor units, increasing the size (cross-sectional area) of type | muscle fibers.
Oxidative metabolism of type | muscle fibers will be increased by increasing the concentration of oxidative
enzymes, mitochondrial size and number, and myoglobin content (Howard, 2007). ).

Increased abdominal circumference is associated with central obesity which is a component of the
metabolic syndrome. Lack of physical activity, high calorie consumption, sedentary lifestyle, and high
socioeconomic conditions are risk factors for metabolic syndrome in adolescents (Widjaja et al, 2020). Endurance
training is able to reduce metabolic syndrome, this is because endurance exercise is able to induce anti-
inflammatory factors and anti-oxidative stress which have a neuroprotective effect on metabolic disorders (Jang
et al, 2019). Improvement of this metabolic syndrome will affect several hormones, including an increase in
insulin sensitivity and affect the testosterone hormone which has a function in glucose metabolism (Widjaja et al,
2020). This statement supports the results of this study, endurance exercise will increase fat oxidation as evidenced
by a decrease in abdominal circumference. This significant decrease in abdominal circumference indicates an
improvement in the metabolic syndrome, resulting in an increase in insulin sensitivity which will increase glucose
uptake to increase muscle contraction, thereby increasing muscle strength as a necessary factor for static and
dynamic balance in the endurance group. Resistance training can also improve metabolic syndrome because it
improves glycemic control, but the results are better if you combine endurance and resistance training (Sorace et
al, 2014). Willis et al (2012), showed that endurance training tends to increase metabolic syndrome scores
significantly better than resistance training. This statement supports the results of this study, the endurance group
reduced abdominal circumference better than the resistance group. In this study, the level of activity and calories
that could affect the metabolic syndrome were not evaluated.

Exercise-induced adaptations are mainly seen in the cardiorespiratory, musculoskeletal, body composition
and metabolic systems. Reduced anxiety and depressive symptoms are also an advantage of exercise. Skeletal
muscles are the main target of sports training. Modification of skeletal muscle is very important to increase
endurance and metabolic efficiency. It has been shown that regular exercise can reduce abdominal adiposity and
improve weight control. Regular exercise has also been associated with increased psychological well-being (eg
through reduced stress, anxiety, and depression). The mechanism behind this is not fully understood, but appears
to be related to increased expression of neurotrophic factor in several brain areas. Increased expression of these
factors is associated with better memory and cognition. Brain-derived neurotrophic factor (BDNF) can increase
neuronal survival and differentiation, and exercise compliance has been shown to increase. The psychological
impact has important implications for the prevention and management of obesity. Exercise has been shown to
increase B-endorphins, this has been associated with psychological and physiological changes, including mood
swings and euphoria (Vina et al, 2012). This increase in B-endorphins is associated with exercise addiction.
Addiction occurs when there are adaptive changes in the brain that cause symptoms of tolerance, sensitization,
and dependence, so that a person can increase his tolerance and dose of exercise. This addiction will change a
behavior so as to increase motivation to exercise, this is influenced by 2 neurotransmitters dopaminergic and
opioidergic (Leuenberger, 2006). This statement supports a fairly good compliance in the two intervention groups,
both endurance and resistance, and research subjects can increase the intensity of exercise so that it has a positive
effect on changes in body composition and muscle strength which will affect static and dynamic balance in obese
adolescents.

Endurance and resistance training can improve static and dynamic balance in obese adolescents with
different mechanism pathways. There are no studies that compare the effects of endurance training and resistance
training on static and dynamic balance in obese adolescents. Further research is needed to prove other variables
that can affect static and dynamic balance in adolescent boys with obesity, as well as the duration of the effect of
endurance and resistance training on static and dynamic balance, because in this study, although there was a
significant increase, in both the group for static balance with the standing stork test is still classified as poor.
Research Limitations
This study only took male subjects of puberty so that the results cannot be generalized. In this study only
measuring BMI and abdominal circumference as a support for increasing static and dynamic balance, other
supporting variables are still needed such as measurement of muscle mass, muscle strength and others.
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CONCLUSION
There was an increase in static and dynamic balance in obese adolescent boys after getting endurance training and
resistance training 3 times per week for 8 weeks without calorie restriction. Endurance training and resistance
training 3 times per week for 8 weeks, without calorie restriction, gave the same good effect (no differentiated)
on increasing static and dynamic balance in obese adolescent boys.

Further research is needed to evaluate the effects of endurance and resistance training in a more diverse
population so that the research results can be generalized, also needed to measure more diverse variables such as
measurement of muscle mass and muscle strength to support the results of this study.
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