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ABSTRACT

Introduction

Objectives: To determine the effects of three different programs

Daily movement takes place in the lower limbs, which
relies on hip, knee, and foot coordination. Healthy university
students aged 18-26 years have experienced 54% of musculoskeletal problems, and the top three problems are with the
lower extremities: hip and thigh at 24.9%, ankle and foot at
19.3%, and knee at 17.1%.1 The causes of the problems in
daily life activity have resulted from trauma (26.7%), playing
sports (18.8%), running (18.0%), and idiopathic factors (9%).2
Each stable step in walking indicates effective lower extremity
function depending on kinetic and kinematic factors.3,4 The
kinetic factors consist of power of the lower extremities,
alignment of the joint forces, and momentum. The kinematic
factors consist of stepping speed, lower limb angle, and
lower limb velocity.5 The kinetic and kinematic factors are
related to physical function (e.g., muscular strength, lower
limb stability, flexibility, cardiovascular endurance, balance,
coordination, and neuromuscular control). Effective lower
extremity movement will result in increased ability to engage
in physical activity.6,7
Lower limb exercises are not only crucial for people with
health problems but also for athletes with injuries.8 Athletes
with lower extremity problems require a rehabilitation program
to effectively return to sports activity. Young athletes need to
train their lower extremities to perform sport-specific skills at
a high level.9 In addition, a study in staying healthy found
insufficient training to address physical activity problems,
especially in adolescents who were unable to reach their
goals of moderate to vigorous physical activity.10 Exercise
programs are essential to increasing physical activity and
increasing the effectiveness of locomotion in routine activities.11 A previous study has found that increased exercise
prescription through physical activity is related to a better
quality of life in healthy people and university students.11
Some research found that university athletes who undergo

of static and dynamic balance training on agility, stability, and
balance in healthy male university students.
Study design: A quasi-experimental design.
Setting: Walailak University, Nakhon Si Thammarat, Thailand.
Subjects: Thirty-six healthy male university students aged 1825 years with functional ankle disability index score equal to 100
and body mass index between 18.5-22.9 kg/m2.
Methods: The participants were allocated by block randomization into three groups. Group A (n = 9) received static balance
training for 6 sessions followed by dynamic balance training for
6 sessions. Group B (n = 11) received dynamic balance training
for 6 sessions followed by static balance training for 6 sessions.
Group C (n = 12) alternated between static and dynamic balance
training for 12 sessions. The participants underwent one position
for one session every other day. The total time of the training
program was 15 minutes for each session. Agility, ankle stability,
and balance before training and after completion of the 12th session were analyzed between the three groups by using one-way
ANOVA and within the groups by paired simple t-test and with a
p-value < 0.05.
Results: There was no significant difference in agility, ankle
stability, and balance between the three groups (p > 0.05). When
analyzing before training and after completion of the 12th session,
a significant difference was found in agility, ankle stability, and
balance within Group A, B, and C (p < 0.05).
Conclusions: The results of the three training programs were
not different. Nevertheless, the three different programs of static
and dynamic balance training showed an improvement in all variables after completion of the 12th training session. Therefore, a
healthy person can use any of the three different training programs for improving agility, ankle stability, and balance.
Keywords: agility, balance, exercise program, lower extremities,

stability

ASEAN J Rehabil Med. 2022; 32(1): 21-28.

Correspondence to: Praphatson Sengsoon, Ph.D. (Physical Therapy), Department of Physical Therapy, School of Allied Health Sciences,
Walailak University, Nakhon Si Thammarat, Thailand; E-mail address: praphatson.kl@wu.ac.th
Received: 4th June 2021

Revised: 12th July 2021
-21-

Accepted: 26th October 2021
ASEAN J Rehabil Med. 2022; 32(1)

physical training can prevent lower limb musculoskeletal
problems.9
Previous studies have found that musculoskeletal problems are associated with physical fitness, such as power,
speed, flexibility, balance, and agility.12,13 In addition, the studies
have found that balance, agility, and stability are associated.14,15 Balance training can improve agility and stability.16
Static balance training promotes the body’s ability to
maintain its center of gravity on a support base.17 Static
balance training increases awareness of the joints or joint
proprioceptive sense, balance, and muscle onset latency.17,18
In contrast, dynamic balance training promotes the body’s
ability to maintain its center of gravity on a support base with
a constantly changing center of gravity and base.17 Dynamic
balance training increases the awareness of joints, strength
of tendon muscle and ligaments, kinesthesia joints motion,
balance, and coordination.17,19 Both types of training increase
agility while playing sports and engaging in various activities
that depend on balance.20 Furthermore, both types of training
consist of static and dynamic balance combined with body
movements that help work with the neuromuscular, musculoskeletal, and proprioceptive systems; and both trainings
reduce the incidence of injuries in the ankle and lower extremities.17,21 Literature reviews have shown that there has
not been a study to compare the effects of static and dynamic
balance training on agility, stability, and balance. Our pilot
study found that static, dynamic, and alternating balance trainings seem to improve agility, stability, and balance. However,
the effects of training still need to be investigated further.
The primary purpose of this study was to compare the
effects of three different programs (static followed by dynamic balance training, dynamic followed by static balance
training, and alternating between static and dynamic balance
training) after 12 training sessions to determine their suitability for increasing agility, stability, and balance in a short
period. The secondary purpose of this study was to compare
the effects before and after the completion of the 12th training
session within the groups that showed an improvement in the
results in our pilot study. The study was conducted among
healthy male university student volunteers without a history
of musculoskeletal injury.

research procedures. The values of the balance test were
used in the calculations because they covered the number
of participants of all variables in this study. The mean and
standard deviation value of the balance test was 31.25 and
25.10, respectively. The participants were divided into three
groups, with 12 persons per group (36 male volunteers).
For the inclusion criteria, the participants had to meet
the following requirements: (1) right leg dominance, (2) age
between 18-25 years old, (3) body mass index between 18.522.9 kg/m2, and (4) functional ankle disability index (FADI)
score equal to 100. The exclusion criteria included the following conditions affecting balance: (1) history of accidents or
disorders of the musculoskeletal system, (2) disorders of the
nervous system, (3) disorders of the cardiovascular system,
(4) disorders of the respiratory system, (5) drinking alcoholic
beverages within 24 hours before the test, and (6) taking
drugs (e.g., muscle relaxant, antidepressants, and anti-seizure drugs) within 24 hours before the test. The enrollment
method is shown in Figure 1.
Research equipment

The research tools included the following: (1) functional
ankle disability index (FADI) test, (2) an ankle disk (PhysioRoom® Air Stability Wobble Balance, Model AB305107,
Physioroom Company, Burnley, UK), (3) a mini trampoline
(Contrix® Trampoline, Model 68559, CONTRIX INC., New
York, USA), (4) a metal measuring tape, (5) a metronome,
(6) six cones, (7) a football, (8) three tripod canes, (9) marking tape, and (10) a stopwatch.
Research procedure

After passing the inclusion-exclusion screening criteria,
the volunteers signed an informed consent form and were
allocated by block randomization into three groups. Before
and after training, stretching was performed to prevent soft
tissue injury.
The static balance training program with an ankle disk
was divided into six positions and the dynamic balance training program with a mini trampoline was divided into six positions that were arranged from easy to hard. The participants
underwent one position for one session every other day. The
participants performed 3 repetitions/set within 2 minutes/
repetition, 2 sets/session with 30 seconds of rest between
repetitions, and 1 minute of rest between sets. The total time
of the training program was 15 minutes for each session.
Group A received static balance training for 6 sessions followed by dynamic balance training for 6 sessions.
The training program was arranged as follows: Session 1
practiced Static 1, Session 2 practiced Static 2, Session 3
practiced Static 3, Session 4 practiced Static 4, Session 5
practiced Static 5, Session 6 practiced Static 6, Session 7
practiced Dynamic 1, Session 8 practiced Dynamic 2, Session 9 practiced Dynamic 3, Session 10 practiced Dynamic
4, Session 11 practiced Dynamic 5, and Session 12 practiced
Dynamic 6 (Figure 2).

Methods
Study design

This research was approved for ethical consideration by
the Ethics Committee of Human Research, Walailak University. It was performed under the Declaration of Helsinki (Ethic
of WUEC No. 14/095). This study was a quasi-experimental
design among male students from Walailak University.
Participants

The number of participants in this study was calculated
by G-Power Version 3.1.9.4 after the pilot study in a sample of 10 people and by performing testing according to the
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Figure 1. Flow diagram

Figure 2.Training program
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Group B received dynamic balance training for 6 sessions followed by static balance training for 6 sessions. The
training program was arranged as follows: Session 1 practiced Dynamic 1, Session 2 practiced Dynamic 2, Session 3
practiced Dynamic 3, Session 4 practiced Dynamic 4, Session 5 practiced Dynamic 5, Session 6 practiced Dynamic
6, Session 7 practiced Static 1, Session 8 practiced Static
2, Session 9 practiced Static 3, Session 10 practiced Static
4, Session 11 practiced Static 5, and Session 12 practiced
Static 6 (Figure 2).
Group C alternated between static and dynamic balance
training for 12 sessions. The training program was arranged
as follows: Session 1 practiced Static 1, Session 2 practiced
Dynamic 1, Session 3 practiced Static 2, Session 4 practiced
Dynamic 2, Session 5 practiced Static 3, Session 6 practiced
Dynamic 3, Session 7 practiced Static 4, Session 8 practiced
Dynamic 4, Session 9 practiced Static 5, Session 10 practiced Dynamic 5, Session 11 practiced Static 6, and Session
12 practiced Dynamic 6 (Figure 2).
Outcome measures

All participants received the Side Hop Test for measuring
stability, the Illinois Agility Test for measuring agility, and the
Balance Test for measuring balance before the first day of
training and after completion of the 12th session (on the 24th
day after participants underwent the program).
Illinois Agility Test:22 This test was performed to assess
agility performance. The reliability (ICC) was between 0.850.98.22 There was a total of 8 cones, 4 of which was used
to form a rectangle that was 5 meters wide and 10 meters
long, and the other 4 cones were placed down the center of
the rectangle at 3.3 meters apart.23 When testing, the participants must run as quickly as possible through a specified
path (Figure 3). A total of three cycles were conducted, and
the shortest time representing the best agility performance
was chosen and recorded in seconds.
Side Hop Test:24 This test was performed to assess ankle stability. The reliability (ICC) was between 0.84-0.98.24,25
The test method involved the participants jumping to the right
and left as quickly as possible, consisting of 10 hops over a
30-centimeter line. The test was performed three times with
one minute of rest between each time, and the shortest time
representing the best stability performance was chosen and
recorded in seconds.
Balance Test (on an ankle disk):26 This test was performed to assess balance performance, which is affected by
the perception of joints in different ways including controlling
the posture of the body and modifying the contraction of the
muscles around the ankle. The reliability (ICC) was between
0.79-0.95.27 The test method involved the participants standing with one leg on the ankle disk and arms crossed. If the
raised foot touched the floor at any time, the time was immediately stopped and recorded in seconds. The longest time
represented the best balance performance. The test was
Formerly J Thai Rehabil Med

Figure 3. Illinois Agility Test Pathway

performed on both sides for each leg.
Statistical analysis

Statistical analysis was calculated before training and after completion of the 12th session. The statistical significance
was set at p-value < 0.05. The selected statistics were analyzed as follows: (1) the Kolmogorov–Smirnov goodness of
fit test was used to analyze the normal distribution; (2) the
one-way ANOVA and Bonferroni tests were used to test differences in the mean values for agility, ankle stability, and
balance of the three training programs; and (3) the paired
sample t-test was used before training and after completion
of the 12th session within the groups. Statistical calculations
were performed using IBM SPSS, Version 26 for Windows.

Results
All participants were allocated into three groups, which
consisted of 12 people per group. A total of four participants
(three in Group A and one in Group B) requested to withdraw due to inconvenience in continuing with the training.
The number of participants in each group was consequently
equal to 9, 11, and 12 in Group A, B, and C, respectively.
There were no significant differences in the general characteristics between the three groups (p > 0.05) (Table 1). There
were no significant differences in the Illinois Agility Test, Side
Hop Test for both legs, and Balance Test for both legs at
baseline between the three groups.
Illinois Agility test

The mean differences in agility by the Illinois Agility Test
among the three groups showed no significant differences
-24-

Table 1. General characteristics of participants

Mean (SD)
Demographic
Age (years)
Weight (kg)
Height (cm)
BMI (kg/m2)

Group A (n = 9)

Group B (n = 11)

Group C (n = 12)

p-value

20.0 (1.66)
62.52 (9.85)
173.80 (3.59)
22.07 (2.87)

20.27 (1.49)
60.45 (4.66)
170.75 (5.07)
21.07 (1.58)

19.50 (0.80)
60.75 (6.76)
171.82 (5.12)
20.84 (2.67)

0.897
0.650
0.175
0.393

Significant level; p-value < 0.05

*

Table 2. Comparison of the difference in stability, balance, and agility between the three groups

Mean difference (sec)
Outcome
Agility
Both legs
Stability
Right leg
Left leg
Balance
Right leg
Left leg

Group A (n = 9)

Group B (n = 11)

Group C (n = 12)

p-value

0.80

0.50

0.96

0.079

0.80
0.88

0.90
0.88

0.87
0.85

0.870
0.992

-68.19
-62.73

-63.55
-65.46

-65.70
-83.83

0.995
0.389

Significant level; p-value < 0.05
Note: Negative value for balance shows an improvement in balance.
*

when comparing between Group A, B, and C (p = 0.079). The
results are presented in Table 2.
However, a comparison of the agility values before training and after completion of the 12th session showed a statistically significant difference within Group A (p = 0.006), B (p
< 0.001), and C (p < 0.001). The results are presented in
Table 3.

leg showed a statistically significant difference within Group
A (p < 0.001), B (p < 0.001), and C (p < 0.001). In addition,
the balance test of the left leg showed a statistically significant difference within Group A (p = 0.001), B (p < 0.001), and
C (p < 0.001). The results are presented in Table 3.

Discussion
This study aimed to compare 12 sessions of static and
dynamic balance training from three different programs that
are suitable for increasing agility, stability, and balance in a
short period. Comparisons were made between the three
groups and within the groups before and after the completion
of the 12th training session among healthy male university
student volunteers.
Ankle stability by the Side Hop Test showed no difference between the three groups (static followed by dynamic
balance training, dynamic followed by static balance training, and alternating between static and dynamic balance
training programs) after completion of the 12th session. The
programs for all three groups may have resulted in muscle
contraction. Muscle onset latency of the peroneus longus
and tibialis anterior muscles after a balance training program
thereby improves the mechanoreceptor function, where both
muscles are related to the postural control and medial longitudinal arch of foot stability.28 Therefore, the participants from
all three groups demonstrated an increase in ankle stability
after completing the training programs in this study.
However, after completion of the 12th session, ankle
stability by the Side Hop Test within each group increased
when comparing before and after training. Consistent with a

Side Hop Test

The mean differences in ankle stability by the Side Hop
Test among the three groups showed no significant differences when comparing between Group A, B, and C of the
right leg (p = 0.870) and the left leg (p = 0.992). The results
are presented in Table 2.
However, a comparison of the Side Hop Test representing ankle stability before training and after completion of the
12th session of the right leg showed a statistically significant
difference within Group A (p = 0.001), B (p < 0.001), and
C (p < 0.001). In addition, the Side Hop Test of the left leg
showed a statistically significant difference within Group A (p
= 0.023), B (p < 0.001), and C (p = 0.001). The results are
presented in Table 3.
Balance Test

The mean differences in the Balance Test among the
three groups showed no significant difference when comparing between Group A, B, and C of the right leg (p = 0.995) and
the left leg (p = 0.389). The results are presented in Table 2.
However, a comparison of the balance values before
training and after completion of the 12th session of the right
-25-
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Table 3. Comparison of the difference in stability, balance, and agility before and after training within the three groups

Mean (SD) (sec)
Outcome
Agility
Both legs
Stability
Right leg
Left leg
Balance
Right leg
Left leg

Group A (n = 9)

Group B (n = 11)

Group C (n = 12)

Before
training

After training

p-value

Before
training

After training

p-value

Before
training

After
training

p-value

18.25 (1.24)

17.45 (0.87)

0.006*

18.25 (0.89)

17.75 (0.75)

< 0.001*

18.58 (0.77)

17.63 (0.73)

< 0.001*

3.95 (0.58)
4.13 (1.07)

3.16 (0.29)
3.25 (0.30)

0.001*
0.023*

4.34 (0.71)
4.40 (0.58)

3.43 (0.39)
3.51 (0.50)

< 0.001*
< 0.001*

4.10 (0.59)
4.23 (0.62)

3.23 (0.30)
3.38 (0.31)

< 0.001*
0.001*

19.55 (15.39)
12.46 (10.30)

87.75 (38.33)
75.19 (44.36)

< 0.001*
0.001*

6.11 (5.30)
4.74 (2.99)

69.66 (36.76)
70.19 (32.29)

< 0.001*
< 0.001*

previous study, lower extremity training can improve muscle
strength, balance, and proprioception, which are the components of ankle stability.29,30 A previous study showed that balance training on a balance board for an appropriate amount
of time of more than three weeks can effectively increase
ankle stability and the medial-lateral center of pressure of
the foot, thus improving foot stability.31 Consistent with a
period program, this study used over three weeks for balance
training on an ankle disk and a mini trampoline, in which the
results showed an improvement in stability in all training programs. Dynamic training by using a mini trampoline involved
movements that occurred when the body’s position changed
from one location to another, which caused a disturbance in
the balance of the body.32 In contrast, static balance training
by using an ankle disk involved a small pivot movement at a
central point where the postural adjustment was controlled
by a platform and the base of the unit.17 The effects of static
and dynamic balance training increased body movement
and stability of the lower limbs, which can improve muscle
strength and maintain balance resulting in muscles working
harder to achieve a certain posture and improvement in ankle
stability.17,32 The minimal detectable change (MDC) of the
Side Hop Test ranged from 1.4 to 1.9 seconds in male children
and adolescents aged 10-16 years.25 The average stability
time values in this study were 0.8, 0.9, and 0.9 seconds in
Group A, B, and C, respectively, in regard to improvement
after completion of the 12th session on the dominant side of
participants aged 18-22 years. The reason for the difference
in improvement value might be due to the difference in age.
The agility values from the Illinois Agility Test showed no
difference between the three groups in improvement due to
the static and dynamic balance exercises, which were used
to improve agility and functional movement in daily life consistent with a previous study.33
However, comparing the agility values before and after
completion of the 12th training session showed an increase in
agility performance within each group. The results of the Illinois Agility Test were consistent with a previous study, which
determined that static and dynamic balance training should
be practiced appropriately to increase agility.34 Static balFormerly J Thai Rehabil Med

16.68 (17.70) 82.38 (39.12) < 0.001*
8.71 (6.12) 91.54 (42.08) < 0.001*

ance training using an ankle disk resulted in an increase in
proprioceptive senses, balance, and coordination. Dynamic
balance training using a mini trampoline resulted in an
increase in stability, balance, proprioceptive senses, muscle
power, muscle strength, and coordination. The results of alternating between the static and dynamic balance training
showed an increase in agility performance, the same as in
the other groups. In addition, a previous study on football
players determined that agility training combined with balance training could increase athletic performance.35 Another
study has also determined that agility and coordination were
highly correlated with the ability to maintain balance.36 The
Illinois Agility Test’s minimal detectable change (MDC) was
equal to 0.52 seconds in male athletes of team sports.22 This
study showed improvement of agility time values, which were
0.8, 0.5, and 1.0 seconds in Group A, B, and C, respectively,
after completion of the 12th session.
The balance test showed no difference between the three
groups of training program. Several studies have suggested
using static and dynamic exercise for improving balance.32,37
The results of the static balance training on an unstable surface were related to the center of pressure excursion, surface pressure, and degree of sway, while the results of the
dynamic balance training were related to leg movements and
landing from a jump.37 As a result, all three groups in this
study exhibited good balance.
When comparing within each group for the Balance Test,
an increase in balance was found after completion of the 12th
training session. Consistent with a previous study, the improvement of balance was due to the function of the internal
movement of the joints, sensory organization, musculoskeletal system, motor coordination, weight balance adjustment,
and environment adaptation.38 The training program in this
study was comprised of static and dynamic balance training
to improve joint awareness and balance related to closed
and opened kinetic chains. A previous study among healthy
adults who had no exercise habits found that both closed and
opened kinetic chains increased balance. Moreover, closed
kinetic chain training affected joint compression, proprioceptive feedback from the foot, muscle activity, and neuro-26-

muscular control during exercise with a posture similar in
real life.39 A previous study found that static balance training
involved standing still on both feet and causing the body to
sway from the base of the support. The measurement indicated the average of the center of pressure and the variance
of the position by the function of the nervous system and
muscles.32 A static balance training program with an ankle
disk can prevent ankle sprain by stimulating proprioception
and helping to slow down the activation of the tibialis anterior
and tibialis posterior muscles, which twist the ankle inward
to prevent excessive ankle inversion.40 During training on an
ankle disk, the difficulty level can be increased by decreasing
the base of the support. An ankle disk training program
was used as a learning mechanism. Proprioceptive activity
can help improve postural control and physical movements
in ordinary people.27 Some research on ankle disk training
focused on the contraction of the muscles around the ankle in
healthy individuals. The training program with an ankle disk
helped prevent the occurrence of ankle sprain and prevent
functional instability in terms of acute ankle sprains for people with first-time ankle sprains.41 Dynamic training involved
movement that occurred when the body’s position changed
from one location to another, which caused disturbance in
the balance of the body.32 This research used a mini trampoline because it can increase body movement outside the
base of the support to improve muscle strength and maintain
balance. A mini trampoline is a device that has an unstable
surface, which makes the muscles work harder to achieve a
certain posture and induces postural control after training.42
The minimal detectable change (MDC) of the balance test on
an ankle disk is needed for further study.
The benefits of this study included the development of
effective training programs and the option to select a training pattern that is appropriate for specific problems. The
strengths of this study included easy training and minimal
equipment. The limitation of this study was in the limited time
available to collect data. If the training period was longer, the
results might be more evident due to the period of training.
Further studies should identify training programs for each
sport and study the long-term effects of training to determine
how to improve ankle stability, balance, and agility.

ment that led to maintaining position. Therefore, a healthy
person who aims to improve agility, stability, and balance can
use any of the three training programs within a short training
period to increase physical performance.

Disclosure
No potential conflict of interest relevant to this article was
reported.

Acknowledgements
This study was granted by the Department of Physical
Therapy, School of Allied Health Sciences, Walailak University, Nakhon Si Thammarat, Thailand.

References
1. Reuter PR, Fichthorn KR. Prevalence of generalized joint hypermobility, musculoskeletal injuries, and chronic musculoskeletal
pain among American university students. PeerJ. 2019;7;e7625.
doi: 10.7717/peerj.7625
2. Jacobsson J, Timpka T, Kowalski J, Nilsson S, Ekberg J, Renström P. Prevalence of musculoskeletal injuries in Swedish elite
track and field athletes. Am J Sports Med. 2012;40:163-9.
3. Diss CE. The reliability of kinetic and kinematic variables used to
analyse normal running gait. Gait Posture. 2001;14:98-103.
4. Winter DA. Kinematic and kinetic patterns in human gait: variability and compensating effects. Hum Mov Sci. 1984;3:51-76.
5. Harris GF, Wertsch JJ. Procedures for gait analysis. Arch Phys
Med Rehabil. 1994;75:216-25.
6. Calestine J, Bopp M, Bopp CM, Papalia Z. College student work
habits are related to physical activity and fitness. Int J Exerc Sci.
2017;10:1009-17.
7. Kovindha A. Trunk balance and maintaining a body position –
the cornerstone of functional activities. ASEAN J Rehabil Med.
2021;31:39.
8. Hall EA, Docherty CL, Simon J, Kingma JJ, Klossner JC.
Strength-training protocols to improve deficits in participants with
chronic ankle instability: a randomized controlled trial. J Athl Train.
2015;50:36-44.
9. Olsen OE, Myklebust G, Engebretsen L, Holme I, Bahr R. Exercises to prevent lower limb injuries in youth sports: cluster randomised controlled trial. BMJ. 2005;330:449-55.
10. Schneider M, Dunn A, Cooper D. Affect, exercise, and physical activity among healthy adolescents. J Sport Exerc Psychol.
2009;31:706-23.
11. Bize R, Johnson JA, Plotnikoff RC. Physical activity level and
health-related quality of life in the general adult population: a systematic review. Prev Med. 2007;45:401-15.
12. Sarah J, Lisman P, Gribbin TC, Murphy K, Deuster PA. Systematic
review of the association between physical fitness and musculoskeletal injury risk: part 3—flexibility, power, speed, balance, and
agility. J Strength Cond Res. 2019;33:1723-35.
13. Handaru GY, Rika I, Prastowo NA. The correlation between
VO2max with agility and musculoskeletal injury profile among
teenage badminton athletes. Qual Sport. 2019;1;44-52.
14. Armstrong R, Greig M. The functional movement screen and
modified Star Excursion Balance Test as predictors of T-test agility
performance in university rugby union and netball players. Phys

Conclusions
The effects of three different programs (static balance
training for 6 sessions followed by dynamic balance training for 6 sessions, dynamic balance training for 6 sessions
followed by static balance training for 6 sessions, and alternating between static and dynamic balance training for 12
sessions) on agility, stability, and balance in healthy male
university students demonstrated improvement after completion of the 12th session in all training programs. However, no
significant differences were found between the three groups
because the three exercise programs induced body move-27-

ASEAN J Rehabil Med. 2022; 32(1)

Ther Sport. 2018;31:15-21.
15. Cengizhan PA, Cobanoglu G, Gokdogan CM, Zorlular A, Akaras
E, Orer GE, et al. The relationship between postural stability, core
muscle endurance and agility in professional basketball players.
Ann Med Res. 2019;26:2181-6.
16. Arastoo A, Goharpey S, Zahednejad S, Shaterzadeh YM, Rasouli
P. Effects of star excursion balance training on ankle functional
stability via agility hop test in patients with unilateral chronic ankle
instability. Jundishapur J Health Sci. 2011;10:383-93.
17. Brachman A, Kamieniarz A, Michalska J, Pawlowski M, Slomka
KJ, Juras G. Balance training programs in athletes–A systematic
review. J Hum Kinet. 2017;58:45-64.
18. Clark VM, Burden AM. A 4-week wobble board exercise programme improved muscle onset latency and perceived stability
in individuals with a functionally unstable ankle. Phys Ther Sport.
2005;6:181-7.
19. Lephart S, Giraldo J, Borsa P, Fu F. Knee joint proprioception:
a comparison between female intercollegiate gymnasts and controls. Knee Surg Sports Traumatol Arthrosc. 1996;4:121-4.
20. Acar H, Eler N. The effect of balance exercises on speed and agility in physical education lessons. Univers J Educ Res. 2019;7:749.
21. Ghotbi N, Bayat M, Malmir K, Jalaei S. Comparing the effects of
lower extremity muscle fatigue on dynamic balance of volleyball
players. Iran Rehabil J. 2021;19:51-8.
22. Hachana Y, Chaabene H, Nabli MA, Attia A, Moualhi J, Farhat N,
et al. Test-retest reliability, criterion-related validity, and minimal
detectable change of the Illinois Agility Test in male team sport
athletes. J Strength Cond Res. 2013;27: 2752-9.
23. Raya MA, Gailey RS, Gaunaurd IA, Jayne DM, Campbell SM,
Gagne E, et al. Comparison of three agility tests with male servicemembers: Edgren Side Step Test, T-Test, and Illinois Agility
Test. J Rehabil Res Dev. 2013;50:951-60.
24. Kockum B, Annette I-LH. Hop performance and leg muscle power
in athletes: reliability of a test battery. Phys Ther Sport. 2015;16:
222-7.
25. Kamonseki DH, Cedin L, Tavares-Preto J, Calixtre LB. Reliability,
validity, and minimal detectable change of Side Hop Test in male
children and adolescents. Phys Ther Sport. 2018;34:141-7.
26. Osborne MD, Chou LS, Laskowski ER, Smith J, Kaufman KR. The
effect of ankle disk training on muscle reaction time in subjects
with a history of ankle sprain. Am J Sports Med. 2001;29:627-32.
27. Hoffman M, Payne VG. The effects of proprioceptive ankle disk
training on healthy subjects. J Orthop Sports. 1995;21:90-3.
28. Keshner EA, Allum JH. Muscle activation patterns coordinating
postural stability from head to foot. Springer Sci Rev. 1990;29:481-97.

Formerly J Thai Rehabil Med

29. Holm I, Fosdahl MA, Friis A, Risberg MA, Myklebust G, Steen H.
Effect of neuromuscular training on proprioception, balance, muscle strength, and lower limb function in female team handball players. Clin J Sport Med. 2004;14:88-94.
30. Willems T, Witvrouw E, Verstuyft J, Vaes P, De Clercq D. Proprioception and muscle strength in subjects with a history of ankle
sprains and chronic instability. J Athl Train. 2002;37:487-93.
31. De Ridder R, Willems T, Vanrenterghem J, Roosen P. Influence
of balance surface on ankle stabilizing muscle activity in subjects
with chronic ankle instability. J Rehabil Med. 2015;47:632-8.
32. Lesinski M, Hortobágyi T, Muehlbauer T, Gollhofer A, Granacher
U. Effects of balance training on balance performance in healthy
older adults: a systematic review and meta-analysis. Sports Med.
2015;45:1721-38.
33. Adhama AI, Akindele MO, Ibrahim AA. Effects of variable frequencies of kinesthesia, balance and agility exercise program in
adults with knee osteoarthritis: study protocol for a randomized
controlled trial. BMC Med Res Methodol. 2021;22:470-81.
34. Gioftsidou A, Malliou P, Pafis G, Beneka A, Godolias G, Maganaris
CN. The effects of soccer training and timing of balance training
on balance ability. Eur J Appl Physiol. 2006;96:659-64.
35. Tanır H. The effect of balance and stability workouts on the development of static and dynamic balance in 10-12-year-old soccer
players. J Educ Train Stud. 2018;6:132-5.
36. Fusco A, Giancotti GF, Fuchs PX, Wagner H, Varalda C, Cortis C.
Wobble board balance assessment in subjects with chronic ankle
instability. Gait Posture. 2019;68:352-6.
37. Distefano LJ, Clark MA, Padua DA. Evidence supporting balance
training in healthy individuals: a systemic review. J Strength Cond
Res. 2009;23:2718-31.
38. Fischetti F, Cataldi S, Greco G. Lower-limb plyometric training
improves vertical jump and agility abilities in adult female soccer
players. J Phys Educ Sport. 2019;19:1254-61.
39. Kwon YJ, Park SJ, Jefferson J, Kim K. The effect of open and
closed kinetic chain exercises on dynamic balance ability of normal healthy adults. J Phys Ther Sci. 2013;25:671-4.
40. Sheth P, Yu B, Laskowski ER, An KN. Ankle disk training influences reaction times of selected muscles in a simulated ankle sprain.
Am J Sports Med. 1997;25:538-43.
41. Schiftan GS, Ross LA, Hahne AJ. The effectiveness of proprioceptive training in preventing ankle sprains in sporting populations: a systematic review and meta-analysis. J Sci Med Sport.
2015;18:238-44.
42. Heitkamp H, Horstmann T, Mayer F, Weller J, Dickhuth H. Gain in
strength and muscular balance after balance training. Int J Sports
Med. 2001;22:285-90.

-28-

