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ABSTRACT

Background: Teenage basketball athletes may experience problems with lower limb muscle strength, which can affect
their performance due to factors such as the shape of the arches pedis, muscle length and shortness, fatigue levels, muscle
contraction ability, and the presence of flat feet, where the medial arch is flattened against the ground. This study aimed to
determine the relationship between flat feet and lower limb muscle strength in adolescent basketball athletes in Tabanan
Regency.

Methods: This study’s design was observational analytic with a cross-sectional study direction. It was conducted at junior
high and high schools in Tabanan Regency and involved 62 teenage basketball athletes. The inclusion criteria were basketball
athletes with flat feet aged 14-17, while the exclusion criteria were a history of fracture or lower limb injury. Lower limb
muscle strength was measured using a leg dynamometer, while flat foot was assessed using a wet footprint test.

Results: The result of the association test using Spearman’s Rho Test obtained a correlation coefficient value (r) -0.173, which
means a unidirectional relationship with a very weak correlation level with a p-value=0.180 (p<0.05), which means there is
no significant relationship.

Conclusion: There was no relationship between flat foot and lower limb muscle strength in teenage basketball athletes. The
correlation coefficient value indicates a unidirectional relationship with a very weak correlation level.
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INTRODUCTION

Sports are physical activities often carried
out by the younger generation, especially
teenagers. Basketball is one of the most
popular sports games in the world. A
basketball athlete must be able to carry
out physical activity with high levels
of mobilization during the match.' The
anatomical shape of the foot influences
ability in competition, one of which plays a
role, namely the shape of the archus pedis.
Archus pedis is one of the factors that
influence the ability of basketball athletes
in matches.?

Feet are part of the body’s lower
extremities that support daily life. The
foot has a complex and flexible anatomy
that serves as the body’s base and adapts
to uneven surfaces. Flat foot is one risk
factor that influences the shape of the
archus pedis.>* Flat foot or pes planus

or what is known as fallen arches is a
condition where the medial longitudinal
arch does not form an arch, there is a
deformity in the heel valgus, and the
medial talar protrudes so that the arch of
the foot disappears and is characterized
by a flattened arches pedis.>** Changes in
posture in flat foot conditions can cause
problems related to changes in muscle
activity, such as lower leg muscle stiffness
or leg muscle weakness. The long-term
effects of a flat foot are pain in the foot and
ankles and instability and disturbances in
the lower back and lower extremities.>>*
Lower limb muscle strength is the ability
of the lower limb muscles to withstand
loads during activity. Changes in posture
in flat foot conditions can cause problems
related to changes in muscle activity, such
as lower limb muscle stiffness or muscle
weakness.”® Flat feet may increase tone
and stiffness in lower extremity muscles

and fatigue and cramps in lower extremity
muscles due to overuse. Consequently,
the appropriate management of flat feet
is crucial. The long-term effects of flat
feet are pain in the foot and ankles and
instability and disturbances in the lower
back and lower extremities.>®*

The relationship between flat foot and
lower limb muscle strength is controversial
today. A study shows a relationship
between the height of the arches pedis or
arch of the foot and leg muscle strength and
leg muscle explosive power."” While one
study explains the relationship between
the height of the archus pedis and leg
muscle strength.'" The study results stated
that there was no significant correlation
between the height of the archus pedis and
leg muscle strength.'' A study explains
the comparison of leg muscle strength in
groups with normal feet and flat feet."?
The results obtained from this study stated
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that there was no significant difference
between leg muscle strength in the groups
with normal feet and flat feet.”* research
and scientific publications examining
the relationship between flat foot and
lower limb muscle strength are still very
limited and rarely found in Indonesia. This
research aims to find out whether there is
a relationship between flat foot and lower
limb muscle strength.

METHODS

This research wused an analytical
observational design with a cross-sectional
study approach. The independent variable
was flat foot, and the dependent variable
was lower limb muscle strength. The
control variables were age, physical
activity, and BMI. The research will be
conducted from May 9 to May 13, 2023 at
the one Junior High School and 2 Senior
High Schools in Tabanan regency, Bali,
Indonesia.

The total research subjects in the study
were 62 people. The inclusion criteria
for this study were teenagers who were
basketball athletes in the Tabanan Regency
area, aged 14-17 years, with moderate
to heavy physical activity, with a BMI =
217.0 - > 34.0. Willing to be a research
subject and fill out informed consent as
approval to become a research sample.
The exclusion criteria in this study were
subjects experiencing musculoskeletal
disorders such as fractures or injuries to
the lower extremities, having a history of
heart and respiratory disease, and subjects
having normal foot and cavus foot.

The flat foot measurement procedure
utilized a wet footprint test, wherein the
sole was wetted with ink on white paper.
The interpretation results were determined
by drawing the foot axis line on the wet
footprint test using Clarke’s angle, with the
categories of arch types based on Clarke’s
angle defined as follows: Normal foot (>42
degrees), Flat foot grade I (35-42 degrees),
Flat foot grade II (30-34.9 degrees), and
Flat foot grade III (<29 degrees). Lower
limb muscle strength measurements
in this study were conducted using a
leg dynamometer, with the objective
categories for assessing lower limb muscle
strength categorized as good, fair, and
poor based on gender-specific criteria. For
males, good (>140), fair (110-140), and

poor (<110). Meanwhile, for females, good
(>120), fair (90-120), and poor (<90).

This research consists of two data
analyses; the first is a univariate analysis
that aims to present a general picture of
age, BMI, physical activity, results of flat
foot measurements (wet footprint test),
and results of measurements of lower
limb muscle strength (leg dynamometer).
Second, bivariate analysis using the
non-parametric Spearman’s rho analysis
method to determine the relationship
between variables and their strength
values.

The study passed the ethical feasibility
test after being examined by the Research
Ethics Commission of the Faculty of
Medicine, Universitas Udayana/Sanglah
Hospital Denpasar, under the reference
number  545/UN14.2.2.VII.14/LT/2023.
Additionally, informed consent from
the survey participants was supplied,
endorsing the sampling technique.

RESULTS

A comprehensive description of the 62
respondents who participated in this
study was gathered. The following table

BMI, physical activity level, lower limb
muscular strength, and flat foot. The age
range of the research subjects, which is
14 to 17 years old, is displayed in Table
1. Subjects aged 15 years were the age
group with the largest number, with 19
respondents (30.6%), and the largest
number of research subjects were male
teenagers, with 46 respondents (74.2%).
Subjects with a normal BMI category were
the largest, with 31 respondents (50.0%).
The highest level of physical activity was in
the high physical activity category, with 36
respondents (58.1%). The largest number
level of lower limb muscle strength in
the poor category was 45 respondents
(72.6%). In terms of subject characteristics
in the flat foot variable, the largest sample
obtained was in the heavy degree of the flat
foot (flat foot grade III, < 29 0), with a total
sample of 39 respondents (62.9%).

Table 2 shows the largest number of
respondents was found in the lower limb
muscle strength poor category, and those
with a flat foot-heavy degree were 26
respondents (41.9%). Respondents with
lower limb muscle strength in the poor
category were in the flat foot with a mild
degree, as many as 19 respondents (30.6%).

shows the respondents’ age, gender, Respondents with lower limb muscle
Table 1. Characteristic of 62 respondents
Characteristics n (%)
Age
14 16 (25.8)
15 19 (30.6)
16 12 (19.4)
17 15 (24.2)
Gender
Men 46 (74.2)
Woman 16 (25.8)
BMI
Underweight 8(12.9)
Normal 31 (50.0)
Overweight 8(12.9)
Obesity 15(24.2)
Physical activity
Moderate 26 (41.9)
High 36 (58.1)
Lower limb muscle strength
Poor 45 (72.6)
Good 17 (27.4)
Flat foot
Mild degree 23 (37.1)
Heavy degree 39 (62.9)

n, frequency
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Table 2. Cross table flat foot with lower limb muscle strength
Lower limb muscle strength
Flat foot Good Poor Total
n (%) n (%)
Mild degree 4(6.5) 19 (30.6) 23 (37.1)
Heavy degree 13(21.0) 26 (41.9) 39 (62.9)
Total 17 (27.4) 45 (72.6) 62 (100)
n, frequency; %, percentage
Table 3. Correlation of flat foot with lower limb muscle strength
Variable Correlation Correlation (r) p-value
Flat Foot on lower limb muscle strength -0.173 0.180

strength in the good category for the flat
foot in the mild degree were 4 respondents
(6.5%), and respondents with lower limb
muscle strength in the good category for
the flat foot in the heavy degree were 13
respondents (21%).

Based on Spearman’s Rho test in Table
3. The p-value for the flat foot with lower
limb muscle strength is p-value = 0.180
(p>0.05). This proves no significant
relationship exists between flat feet and
lower limb muscle strength in teenage
basketball athletes in Tabanan Regency.
Based on the correlation coefficient value,
the result is (r) = -0.173 and is negative,
indicating a unidirectional relationship
with a very weak correlation level.

DISCUSSION

The results of the bivariate analysis test
using Chi-Square showed a p-value =
0.174 (p> 0.05), which means there is
no significant relationship between flat
foot and lower limb muscle strength in
adolescent basketball athletes in Tabanan
Regency. Several factors, both internal
and external, can cause the absence of this
relationship. Internal factors include the
morphological shape of the foot and foot
biomechanics. In contrast, external factors
include footwear and environmental
conditions such as temperature and
humidity that the researcher has not
controlled.

These results differ from research
conducted by Aydog in 2005, which
showed a significant relationship between
the archus pedis and leg muscle strength
and leg muscle explosive power.'* However,
this research is appropriate and in line with
research conducted by Lizis in 2010, which
states that there is no significant correlation
between the height of the archus pedis and

leg muscle strength.”** The study also
stated that arches pedis measurements
were ineffective in determining variability
in leg muscle strength in young adults.'>'¢
Different research results can be caused or
occur due to several internal and external
factors. Internal factors that can influence
include the morphological shape of the
soles of the feet and biomechanics of the
foot. In contrast, external factors that are
thought to influence footwear and the
environment, such as temperature and
humidity, have not been controlled in this
study.>®

The study by Tudor in 2009 states that
it is not easy to resolve the controversy
regarding flat feet in one research study.'®
The condition of flat foot can occur possibly
due to health problems such as feeling
tired easily when doing activities such as
walking or excessive physical activity.®
Changes in posture in flat foot conditions
can cause problems related to changes in
muscle activity, such as lower leg muscle
stiffness or leg muscle weakness.>'”!8

Research conducted by Naufal in 2021
also stated that there was no significant
relationship between flat feet and activation
of lower leg muscle strength in 12-year-
old children." In research conducted
by Ridjal in 2016, which compared leg
muscle strength between normal foot and
flat foot, the results showed no significant
difference in leg muscle strength values
between the normal foot group and the
flat foot group.'

Insufficient lower limb  muscle
strength, which research respondents
dominate, can occur because a lack of leg
muscle strengthening exercises influences
it. A reduction in the quantity and size
of muscle fibers as well as an increase in
connective tissue and adipose tissue within

the muscles might result from structural
changes in the muscles.'® Apart from
physiological changes, teenagers also
experience morphological  changes.'
Morphological changes that occur in
the musculoskeletal system can result in
reduced muscle size and loss of strength,
flexibility, and endurance as a result of
decreased activity.'>!%2

A study conducted by Feltner in
1994 stated that there was a change in
hindfoot pronation in people who did
isokinetic eversion/inversion exercises for
eight weeks.?! This shows that intensive
strengthening exercises can increase the
strength of the foots intrinsic muscles,
thus supporting the formation of the arch
or arch in the foot.?»*?

Exercises such as isometrics can slowly
train leg muscle strength, foot muscles,
and joint stabilization. With maximum
and controlled intensity, it will be very
good in supporting increased leg muscle
strength.?»*® Basketball athletes routinely
do muscle-strengthening exercises, which
cause basketball players to have higher
muscle activity than untrained people.'>*
There is a need for awareness among
development organizations and trainers of
teenage athletes to pay more attention to
the risk of injury that may occur to their
athletes. The goal is not to hurt the athlete
in the short or long term.?**

This research has the advantage of
researching specifically teenage basketball
athletes. In contrast, in Indonesia, very few
studies have been done on the relationship
between flat foot and lower limb muscle
strength, so it can be used as input in
research development. The weakness of
this research was that the researchers
did not pay enough attention to other
factors, such as internal factors, namely
the morphology of the shape of the feet,
where the human body also has different
variations both in size variations and
morphological variations between each
individual and other individuals and foot
biomechanics. The choice of measuring
instruments can also be considered to
influence research results. In this study,
researchers used a wet footprint test and
leg dynamometer measuring instruments,
which might be considered to influence
the research results and can be used as
input in further research.
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CONCLUSION

Research and analysis studies have shown
that there is no connection between
adolescent basketball players flat feet
and lower limb muscle strength. A
unidirectional association with a very
low correlation level was revealed by the
correlation coeflicient value.
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