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Abstract

Objectives: The purpose of this study is to determine the effect of ankle TheraBand resistance training on dynamic balance index
among elite male basketball players.
Methods: This was a randomized trial performed on 24 male professional basketball players without lower extremity injury. The
participants were selected using purposeful sampling and were randomly assigned into 3 groups of 8, including: (1) high-intensity
resistance training using TheraBand (80% - 95% 1RM), (N = 8); (2) moderate-intensity resistance training using TheraBand (65% -
80% 1RM), (N = 8); and (3) control group with regular basketball training (N = 8). The groups were trained in three sessions for 8
weeks. Trial and error table for TheraBand resistance from American Physical Therapy Organization (APTA) 2012 was used to measure
maximum 1RM in each participant. In addition, the dynamic balance index in the APSI (anterior - posterior stability index), MLSI
(medial-lateral stability index) and OSI (overall stability index) were measured using Biodex stability system. Covariance analysis
was used to analyze the data (P < 0.05).
Results: Results showed that the high-intensity resistance training and moderate-intensity resistance training significantly im-
proved dynamic stability index in the anterior - posterior axis, medial - lateral axis and overall axis (P = 0.0001). No significant
changes were observed in the anterior - posterior and medial - lateral axes after a detraining period (4 weeks), “durability rate”.
However, the overall axis values of the dynamic balance index in the moderate intensity training group indicated a higher durabil-
ity rate than the high intensity resistance training group after detraining (P = 0.02).
Conclusions: It can be concluded that the high and moderate intensity resistance training improved dynamic balance index, and
even moderate intensity resistance training was effective after a period of detraining, so it can be recommended for basketball
players.
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1. Background

Maintaining balance is a necessity in the activities of
daily life and athletic performance enhancement and is an
inseparable part of the daily activities and an important
index in the evaluation of athletes’ performance improve-
ment (1).

Professional basketball players, whose performance
was better in shooting, demonstrated a better control over
their posture (Barbieri et al. 2017).

However, maintaining enough balance during activ-
ity to generate enough force applied to the muscles and
body levers require a complex interaction involving the
musculoskeletal and nervous systems (2). According to the

general classification, balance is divided into static, semi-
dynamic and dynamic categories (3). Dynamic balance can
be defined as the individual’s ability to maintain the body’s
center of gravity within the surface mobile reliance (3, 4).
The ankle joint plays a significant role in restoring and
maintaining a person’s body balance as a major portion of
proprioceptive function (5). While exposed to its disrup-
tive factors, poor balance can lead to injuries, including
pain, sprains in ankle and knee as well as joint stiffness (6).
A weaker control over the posture in university basketball
players has been considered a hazardous factor for ankle
sprain (Verhoeven et al., 2016).

Therefore, a number of studies have been conducted
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to examine the effect of designing resistance exercise pro-
grams to improve balance, body movements control, im-
proved record and sports injury prevention (7). Although
neuromuscular adaptations including activation of ago-
nist muscles (muscle favoring motion) and inhibition of
antagonist muscle (muscle opposing movement) play an
important role in the increased muscle strength in a wide
variety of sports including basketball (8, 9); there have
been a number of studies focusing on the impact of re-
sistance training on balance levels using free weights or
different devices, and the effect of elastic resistance train-
ing on the dynamic balance index has received less atten-
tion from the researchers. Thus, we hypothesize that Ther-
aBand resistance training (elastic training) is a suitable
method for improvement of muscle strength in four direc-
tions of ankle movement rather than free weight or differ-
ent machines training.

2. Objectives

The aim of the present study was to investigate the
effect of ankle resistance training among elite basketball
player using TheraBand, in two high and moderate inten-
sity groups and its durability rate, on the dynamic balance
index.

3. Methods

The present randomized trial study with a pretest and
posttest design was performed on 24 basketball players
of an Iran Premier league club who were selected using a
purposeful sampling method. They were randomly (ran-
domization was done independently by drawing lots) as-
signed into three groups including: (1) high-intensity re-
sistance training using TheraBand (80% - 95% 1RM); (N =
8); (2) moderate-intensity resistance training using Thera-
Band (65% - 80% 1RM); (N = 8); and (3) control group with
regular basketball training (N = 8). After selecting the par-
ticipants, the testing process, measurement steps and ob-
jectives of the study were completely explained to the par-
ticipants and the written consent form was signed by each
participant. The inclusion criteria were: competition in
the professional league, no injury to the ankle and surgery
in the lower extremities during the past year, and lack of
neurological disturbances (without visual and vestibular
disorders). The exclusion criteria included: lack of coop-
eration in the process of data collection and injury occur-
rence. The general characteristics of the participants un-
der the study are presented in Table 1.

3.1. Dynamic Balance Assessment

First, the participants of each of the three groups re-
ferred by the Iran Sports Medicine Federation were man-
aged on scheduled times and were coordinated by the con-
ditioning trainer and club team manager in order to par-
ticipate in the pre-test. This included a dynamic balance
test on the dominant foot (the primary foot used to kick
the ball) using the Biodex stability system over the course
of one week. The dynamic balance was measured by Biodex
stability system (“945-302 BSS”). It should be noted that the
Biodex stability system (BSS) measures the stability index
in two anterior-posterior, medial - lateral axes and overall
axis, respectively. In addition, since BSS focuses on the pro-
prioceptive neuromuscular mechanism, it can affect the
unilateral, bilateral, and dynamic postural control of the
joint and assess the individual’s neuromuscular control. It
has eight difficulty levels (rigidness with level 8 as the low-
est intensity rate and level 1 the most intensive rate). The
BSS with difficulty level 2 was applied. First as a warm-up
exercise, the participants ran on the treadmill for 10 min-
utes at a speed of 8 - 8.5 km/h to prepare and generate the
appropriate neuromuscular coordination needed for the
administration of the dynamic balance assessment. To get
familiarized with the training program, the participants
were asked to stand on the apparatus with their dominant
leg three times for 20 seconds. After a rest period of 3 min-
utes, the participants performed a dynamic balance test
by standing on their dominant leg on the BSS for 20 sec-
onds and tried to maintain their balance during this pe-
riod. If each athlete was not able to maintain his balance
in 20 seconds on one foot, use the other foot for stability or
lost their balance, there was only one chance for the partic-
ipant to repeat the test. The number registered on the de-
vice was taken as the evaluation criterion and recorded as
data. The dynamic balance index including anterior- poste-
rior axis, medial-lateral axis, and overall stability axis were
measured and recorded applying the Biodex stability sys-
tem for each of the three groups.

3.2. Training Program

The first and second groups participated in a resistance
training program with TheraBand to strengthen the ankle
muscles at the gym and had been instructed on how to per-
form the training program phases through a supervised
club conditioning trainer. A trial and error method was
used to determine the one-repetition maximum (1RM) for
each athlete (Shariatet al.2015). A set of TheraBands with
different colors, elasticity and resistance levels were used
and the color of TheraBand and its elasticity for the athlete
was chosen in such a way that the participant was not able
to perform more than one repetition of each movement
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Table 1. Descriptive Statistics of Participants’ Characteristics in Terms of Central Tendency and Dispersion Indicatorsa

Age (y) Height (cm) Weight (kg) BMI

Moderate intensity training 26 ± 3 193 ± 2.5 95 ± 3 24.16 ± 2

High intensity training 27 ± 2.5 194 ± 3 93 ± 2.5 24.71 ± 3

Control 26.5 ± 3 196 ± 1.8 95 ± 3 24.73 ± 2.5

aValues are expressed as mean ± SD.

from each muscular group (7 colors: yellow, red, green,
blue, black, silver, and gold, with a resistance rate of 0.5,
0.7, 0.9, 1.3, 1.6, 2.3, and 3.6 kg, respectively). With an in-
creased rate in the elastic length (25, 50, 75, 100, 125, 150,
175, 200, 225, and 250%), the resistance of the TheraBand
was also increased. The maximum resistance (1RM) (kg)
for each athlete (depending on the color and percentage
of elasticity) was determined using the TheraBand resis-
tance table from the American Physical Therapy Associa-
tion (APTA 2012). The percentage of training load was de-
signed based on the training tables for both the first and
second groups (Table 2).

It should be noted that the training program was ad-
ministered for all intervention groups for three sessions a
week (in the morning on Saturdays, Mondays, and Wednes-
days). The high intensity exercise with TheraBand was per-
formed with the first group in the following order. The first
two weeks, consist of 3 sets of 10 repetitions at 80% of the
1RM, the second two weeks, consist of 3 sets of 10 repeti-
tions at 85% of the 1RM, the third two weeks, consist of 3 sets
of 10 repetitions at 90% of the 1RM, the fourth two weeks,
consist of 3 sets of 10 repetitions at 95% of the 1RM. The rest
period between each set was designated as 1 minute. The
training program in the second group (moderate intensity
training) was performed as follows:

The first two weeks, consist of 3 sets of 20 repetitions at
65% of the 1RM, the second two weeks, consist of 3 sets of 20
repetitions at 70% of the 1RM, the third two weeks, consist
of 3 sets of 20 repetitions at 75% of the 1RM, the fourth two
weeks, consist of 3 sets of 20 repetitions at 80% of the 1RM
and the rest period between each set was designated as 1
minute.

In order to perform plantar flexion, dorsiflexion, in-
version, and eversion movements, the participant first sat
on the ground with both legs straight out, fastened one
side of the resistance TheraBand to a stationary object and
the other side fastened around the foot. The participant
moved their foot in a forward, backward, inward, and out-
ward twisted based on the amount of load and elasticity.
This was performed with repetitive sets and resting peri-
ods according to the training program. After 8 weeks of the
training program, the dynamic balance of the participants
was immediately measured during a 3-day period in order
to record the post-test values by BSS. The process replicated

the same procedures as the pretest phase.

3.3. Durability Rate of Dynamic Balance Index in the Partici-
pants

To determine the durability rate (after 4 weeks of the
detraining period), dynamic balance of the participants in
each of the 3 groups was measured for the third time ac-
cording to the pattern in the pre and posttests. It should
be noted that the participants did not receive any training
intervention during this period and performed their regu-
lar basketball exercise.

3.4. Statistical Analysis

All data collected was reported in the text, figures and
tables using mean and standard deviation. Covariance
analysis was used to determine the effect of the training
program. Bonferroni post hoc test was used for the analysis
of significant difference. The statistical significance level
was considered (P ≤ 0.05) at all stages. Data was analyzed
using SPSS software version 20.

4. Results

According to the results, training had a significant ef-
fect on the dynamic balance index in the anterior - poste-
rior axis (F 2, 30 = 23.433, 0.0101, P = 0.0001,η = 0.701), so that
a significant reduction was observed in the numerical val-
ues of the stability index (dynamic balance improvement)
in the anterior-posterior axis. In addition, the Bonferroni
test indicated that training with high (P = 0.0001) and
moderate intensities (P = 0.0001) resulted in the improve-
ment of the dynamic balance index in anterior-posterior
axis. However, no difference was found between the two
intensities of training (Figure 1). The intensity of training
did not have a significant effect on the stability index in
the anterior - posterior axis of the participants. Both high
and medium intensity exercises resulted in the reduction
of numerical values of the stability index (dynamic balance
improvement) in the anterior - posterior directions.

It should be noted that in the dynamic balance test, the
lower of numerical values of the balance index, the better
the balance is (the more favorable balance index).

No significant difference was observed between the
stability index in both interventional groups with high
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Table 2. APTA TheraBand Resistance Table Based on Color and Resistance Scale (Resistance in kg)

Elasticity Percentage Gold Silver Black Blue Green Red Yellow

25 3.6 2.3 1.6 1.3 0.9 0.7 0.5

50 6.3 3.9 2.9 2.1 1.5 1.2 0.8

75 8.2 5.0 3.7 2.7 1.9 1.5 1.1

100 9.8 6.0 4.4 3.2 2.3 1.8 1.3

125 11.2 6.9 5.0 3.7 2.6 2.0 1.5

150 12.5 7.8 5.6 4.1 3.0 2.2 1.8

175 13.8 8.6 6.1 4.6 3.3 2.5 2.0

200 15.2 9.5 6.7 5.0 3.6 2.7 2.2

225 16.6 10.5 7.4 5.5 4.0 2.9 2.4

250 18.2 11.5 8.0 6.0 4.4 3.2 4.6
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Figure 1. Effect of resistance training intensity on the stability index in the anterior-posterior direction. * indicates a significant decrease compared to the control group. Data
are reported based on average and standard deviation.

and moderate intensities after 4 weeks at the end of the
training (durability rate) in the anterior - posterior axis (F
2, 20 = 1.296, P = 0.296, η = 0.115) (Table 3).

The intensity of training in the medial - lateral axis
had the same effect on the dynamic balance index in the
anterior-posterior axis, that the training significantly im-
proved the dynamic balance index in the medial-lateral
axis (F 2, 20 = 61.549, P = 0.0001, η = 0.860).

The stability index in the medial - lateral axis in the
groups with high (P = 0.0001) and moderate intensity
trainings (P = 0.0001) indicated a significant difference
compared to the control group. The intensity of training
did not have a significant impact on the stability index in
the medial-lateral axis. That is both high and medium in-
tensity trainings reduced the numerical values of the me-
dial - lateral axis (dynamic balance improvement).

No significant difference was observed between the

stability index in both interventional groups with high
and moderate intensities after 4 weeks at the end of the
training (durability rate) in the medial - lateral axis (F 2, 20
= 1.477, P = 0.252, η = 0.129) (Table 4).

Training resulted in a significant reduction in numeri-
cal values (dynamic balance improvement) of the dynamic
balance index in the overall axis (F 2, 20 = 27.231, P = 0.0001,
η = 0.732). However, training with high (P = 0.0001) and
moderate (P = 0.0001) intensities had an equal effect.

The intensity of training had a significant effect on the
dynamic balance index (F 2, 20 = 5.008, P = 0.017, η = 0.334),
so that the durability rate in the overall axis in the group
with moderate intensity was significantly higher than the
group with high intensity (Table 5).
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Table 3. Effect of Resistance Training Intensity on the Stability Index in the Anterior - Posterior Axisa

Pretest Posttest After 4 Weeks

Moderate intensity training 4.42 ± 3.22 3.82 ± 2.78b 4.35 ± 3.04

High intensity training 3.52 ± 1.74 2.88 ± 1.39b 2.98 ± 1.41

Control 4.25 ± 2.77 4.27 ± 2.78 4.71 ± 2.05

aValues are expressed as mean SD.
bIndicates a significant decrease compared to the control group.

Table 4. Effect of Resistance Training Intensity on the Stability Index in the Medial - Lateral Axisa

Pretest Posttest After 4 Weeks

Moderate intensity training 3.01 ± 1.34 2.38 ± 1.07b 2.85 ± 1.06

High intensity training 2.68 ± 1.14 2.05 ± 0.82b 2.17 ± 0.79

Control 2.72 ± 1.04 2.76 ± 0.99 2.85 ± 0.5

aValues are expressed as mean SD.
bIndicates a significant decrease compared to the control group.

Table 5. Effect of Resistance Training Intensity on the Stability Index in the Overall Axesa

Pretest Posttest After 4 Weeks

Moderate intensity training 5.23 ± 3.33 4.32 ± 2.76b 4.92 ± 2.89b

High intensity training 4.26 ± 1.97 3.38 ± 1.52b 3.57 ± 1.59

Control 4.97 ± 3.08 4.97 ± 3.07 4.86 ± 2.28

aValues are expressed as mean SD.
bIndicates a significant decrease compared to the control group.

5. Discussion

Sensory-motor system responses have a different im-
pact on the improvement of the dynamic balance index ac-
cording to the type and intensity of exercise (10). A num-
ber of studies have shown that resistance and propriocep-
tion training positively influence the individual’s ability to
maintain dynamic equilibrium (11). According to the find-
ings of the present study, resistance training using Thera-
Band led to an improvement of stability index in the ante-
rior - posterior, medial - lateral axes and overall axes. Fur-
thermore, no significant difference was found considering
the durability rate of the stability index in both training
groups with high and moderate intensity in the anterior
- posterior and medial - lateral axes. Moderate resistance
training resulted in a higher durability rate in the overall
dynamic balance axis, which was not found in the train-
ing group with high intensity. Several studies have demon-
strated that the development and maintenance of balance
in relation to the exercise task reveals its effect on the func-
tion of sensory - motor receptors and nerve and muscle
adaptations (12, 13). According to the results of our study,
different levels of equilibrium can be attributed to the ef-
fective and improved contribution of moderate - intensity
resistance training on the enhanced response of the bal-
ance axes among the elite basketball players. In fact, it
was obvious that the improvement in balance may be af-

fective for a reduction of acute ankle sprain in elite bas-
ketball players. Dynamic equilibrium resulting from re-
sistance training, along with the optimum development
of various components of the sensory - motor system and
the central processor followed by the integration of infor-
mation derived from various senses, might be associated
with various motor functions, flexible and adjustable be-
haviors after the exercise (14, 15). Numerous studies have
found that mechanical, functional instability or a com-
bination of both predispose participants to frequent an-
kle injuries due to weak muscles and joints (16, 17). Many
studies have suggested that proprioceptive exercises im-
prove the functioning of the athlete’s ankle in basketball
and soccer players, which may enhance stability of the
anterior-posterior and medial - lateral axes resulting in less
injuries (18-20). Proprioceptive information from the ankle
joint has a significant contribution in maintaining over-
all body balance and stability of the local areas, includ-
ing the range of joint function and motion (15, 21). In ad-
dition, according to the results of the study by Akuthota
(1997), resistance training may lead to the improved func-
tion of the nervous mechanisms exerted from the spinal
cord to co-activate agonist muscles compared to the antag-
onist muscles. Facilitation in the integrated responses to
the large fast-twitch motor units (22), stimulation of mus-
cle spindles, self-inhibition of golgi tendon organ and in-
creased gamma efferent nerve activity have been regarded
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as the reasons for improved balance after resistance train-
ing and consequently improvement of joint function (23).
However, some researchers believe that resistance training
does not have any impact on the equilibrium levels due to
the different type, severity, duration of training, and char-
acteristics of the participants (24). Other researchers have
acknowledged the positive impact of resistance training
on the improvement of static equilibrium (25). Regarding
the training type, the results of some studies have shown
the impact of plyometric strength training on improving
neuromuscular changes and dynamic balance among the
female athlete (26). In addition, some studies have shown
that hopping strength training leads to enhanced compet-
itive performance of athletes (27). Because of the initial
explosive tensions with hopping exercises in the muscle,
joint stability, balance, and proprioceptive sense can play
an effective role in promoting neural efficacy so increasing
the ability of an individual to control the muscle’s contrac-
tion and lead to improved power as well as providing an
appropriate feedback (28). More powerful concentric mus-
cle contractions can lead to better performance, reflected
in the type of resistance training (29). Some studies have
shown the effect of combined balance exercises along with
plyometric exercises in different directions in decreasing
ankle instability and increasing athlete’s posture control
(27). Other studies have also suggested the positive effects
of resistance exercises on the increased balance through
strengthening the ligaments, stability of the joints and
the stimulation of the proprioceptive sense can be effec-
tive in preventing sports injuries and the rehabilitation of
athletes (30, 31). It is worth mentioning that many stud-
ies have focused on the assessment of the effect of resis-
tance training on the improvement of static equilibrium.
Their results indicated that the effect of resistance train-
ing on the improvement of dynamic balance which differ-
ent impacts based on the training type (4). As described
above, the type of exercise will lead to the development
of different neuromuscular adaptation responses in ath-
letes. According to the results of our study, moderate - in-
tensity resistance training was effective in the durability
rate of stability index including the overall dynamic bal-
ance axes that can be attributed to the intensity of train-
ing. Some inconsistent results have been mentioned re-
garding the effectiveness of dynamic balance using resis-
tance trainings based on the exercise types. However, bas-
ketball players often perform fundamental skills with high
acceleration and maximum speed, including passes, shots
and dribbles with their upper extremities and jumping -
landing maneuvers using high speed and power with a
need to a rapidly change of direction. This can lead to alter-
ations in the capacity and structure of the cells and adap-
tation in their neuromuscular structure which can influ-

ence their reflective and volitions activities (32, 33). Based
on the results of this study, moderate resistance training
using TheraBand can be effective in preventing sports in-
juries in maintaining the proprioceptive sense of the an-
kle receptors, and improving nerve and muscle responses
in basketball players, and these results are heavily depen-
dent on the intensity of training.

4.1. Conclusions

The results of this study indicated that resistance train-
ing can lead to the improvement of balance in interven-
tion groups but there was no significant difference in the
dynamic balance index between resistance training with
high and moderate intensity using TheraBand. In addition,
the overall durability rate of the stability index was found
to be higher in the training with moderate intensity. There-
fore, it is recommended that basketball players use moder-
ate intensity training to gain further favorable outcomes in
the competition and improve and maintain the balance.
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