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Abstract 

Background: The aim of the present study was to compare the effect of a wobble board training (WBT) course with 
and without cognitive intervention (CI) on balance, ankle proprioception and jump-landing kinetic parameters in 
active men with chronic ankle instability (CAI).

Methods: Twenty-one active men in the age range of 18–25 years with CAI were randomly divided into three groups 
of WBT for five weeks as follows: with CI (n = 7); without CI (n = 7); control (n = 7). In this study, balance was evaluated 
by Y-Balance Test and Balance Error Scoring System, proprioception was evaluated as active and passive replication 
of 15-degree inversion angle and Maximum inversion angle minus 5-degrees, and single-leg jump-landing test was 
used for measurement of kinetic variables as pre-test and post-test in similar conditions.

Results: Post-test of both groups of WBT with and without CI showed a significant improvement in all variables com-
pared to pre-test (p ≤ 0.05); however, in post-test, there was no significant difference in any of the variables between 
WBT groups with and without CI (p ≥ 0.05).

Conclusions: A course of WBT with and without CI leads to a significant improvement in balance, proprioception 
and jump-landing kinetic parameters, including time to stabilization and center of pressure displacement in active 
men with CAI. Although the WBT group with CI showed a greater improvement in mean than WBT group without CI, 
but the difference was not significant in any of the variables.

Trial registration: Retrospectively Registered. irict.ir Identifier: IRCT20200617047818N1 on 05–02-2021.
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Background
The human ankle joint is one of the most vulner-
able joints in the body, and the most common type of 
its injury is anterior talofibular ligament sprain with 

a reported prevalence of 42–72% [1]. This injury can 
hurt external ligaments, muscles and nerves of ankle, 
and damage to anterior talofibular and calcaneofibu-
lar ligaments is common in this injury that leads to the 
development of chronic ankle instability (CAI) due to 
mechanical and functional factors [2]. Following the ini-
tial sprain, 32% of these people develop CAI, which is a 
frequent complication characterized by symptoms such 
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as giving way, re-sprain and instability. These symptoms 
limit sports activities and affect daily life for several years 
[3]. The CAI may be caused by factors such as defective 
proprioception, neuromuscular control, balance, and 
strength, or because of mechanical factors such as disor-
der in one or more joints of the ankle complex [4]. Ankle 
ligament injuries can be satisfactorily improved with 
physical rehabilitation, ligament rehabilitation, and non-
surgical treatment that do not lead to CAI and do not 
experience recurrent sprains. This treatment has been 
mentioned in many articles as a successful treatment 
[5, 6]. However, half of these people do not seek profes-
sional rehabilitation techniques [7].

Posture control in people requires the integration of 
optic, vestibular, and somatosensory nerve inputs. Soma-
tosensory inputs are a combination of skin, joint, and 
tendon receptors. The information collected from these 
three sources is processed by the central nervous system 
and used for motion control commands. Defects in any 
of these receptors can lead to defective posture control 
and balance, which is commonly observed in people with 
CAI [8, 9].

The foot and ankle play an essential role in reducing 
shocks during foot contact with the ground, as well as 
decreasing the speed of incoming loads to prevent liga-
ment rupture. Numerous studies have shown that peo-
ple with CAI have a higher center of pressure (COP) 
distribution and lateral pressure while walking [10]. 
Some other studies have shown that people with CAI 
have higher inversion (up to 6–7 degrees) while walking 
before and after the initial contact. Increased inversion 
may lead to lateral deviation of pressure center, increased 
lateral pressure of the ankle, and decreased response 
rate to these loads during the stance phase [11]. On the 
other hand, Proprioception information from joint and 
muscle receptors plays an important role in motor con-
trol; meanwhile, proprioception information from ankle 
is significant, which is disrupted by ankle sprain [8]. In 
general, the proprioception system helps recognize the 
position and movements of human body by obtaining 
various information from the body. On the other hand, 
due to damage to receptors of ankle ligaments and pero-
neal nerve after initial sprain, neuromuscular function 
undergoes changes impairing kinaesthesia and sense 
of force that are prevalent in those with CAI [9] Ankle 
sprains may occur due to improper foot position before 
and during contact. Improper foot position may be due 
to loss of sensory inputs from the mechanoreceptors, 
increased inversion, and lateral deviation of the center of 
pressure [7].

Many daily activities require more than one task at 
a time, which includes dual tasks, which are two motor 
tasks or one motor task and one cognitive task at the 

same time [10]. There is a stable relationship between 
motor function and attention focus that indicates that 
in order to achieve proper performance in a superficial 
motor task, attention is needed that this relationship 
is examined using dual tasks. Therefore, simultaneous 
motor and cognitive tasks are performed to understand 
the interplay between the two tasks [11]. It is believed 
that individuals have limited processing capacity and 
that each task requires a portion of the overall processing 
capacity. A degree of attention demand may help motor 
function optimally, but when these demands exceed pro-
cessing capacity, motor or cognitive function decreases 
[12]. In real life, when people with ligament injuries 
receive multiple tasks simultaneously, it may increase the 
processing demand. These injured persons have a lower 
ability to process demands; therefore, the movement 
pattern can change and lead to subsequent injury [13]. 
Therefore, given the importance of processing demand 
and its relationship with the deterioration of motor pat-
terns and eventual musculoskeletal injury, this process-
ing demand can affect rehabilitation protocols and it is 
one of the main factors meant to restore the function of 
injured people and prevent re-injury [14].

Wobble board is a simple and inexpensive tool that 
is widely used to improve balance and control posture 
[15]. In addition to improving balance quickly and with 
long-lasting durability, this instrument also reduces ankle 
sprain injury by up to 50% [16]. Furthermore, wobble 
board training (WBT) has been reported to assist with 
reeducation of sensorimotor system by improving mech-
anoreceptor function and restoring the normal neuro-
muscular feedback loop [17]. In this regard, Canning 
et al. (2008) believe that dual tasks should be performed 
simultaneously to improve and affect complex tasks 
and activities of daily living [18]. Besides, motor tasks 
are influenced by adding a simultaneous cognitive task 
and the ability to perform dual tasks at the same time 
increases with the repetition of dual task exercises [19].

Many training protocols, including resistance and bal-
ance protocols, have been proposed to improve this 
injury. On the other hand, reviewing literature in this 
regard has shown that the inclusion of a cognitive inter-
vention (CI) with WBT may be more effective [3]; how-
ever, they have not been studied simultaneously in a 
single research. Therefore, in the present study, we aimed 
to compare the effect of a WBT course with and without 
CI on balance, ankle proprioception and some jump-
landing kinetic parameters in active men with CAI.

Methods
Design
The present study is a randomized controlled trial with 
three single-blinded groups. In this research, the assessor 
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is blind and does not know how the subjects are assigned 
to the groups and what treatment intervention each 
group receives. The method of the present study is exper-
imental and it has been approved by ethics committee of 
Iranian Institute of Physical Education and Sports Sci-
ences and has also been registered in Iranian Registry of 
Clinical Trials (IRCT) on 2021–02-05 with code number 
IRCT20200617047818N1. In this investigation, proprio-
ception, balance, and jump-landing kinetics were con-
sidered as dependent variables, while the independent 
variable was CON, WBT, WBT with CI and time.

Sample size and randomization
The present study involves active men in the age range of 
18–25 years with CAI. Athletes with CAI were identified 
from several sports clubs using Foot & Ankle Disabil-
ity Index (FADI) score as well as Foot & Ankle Disabil-
ity Index-Sports (FADI-S) module and diagnosed by a 
physician. Inclusion criteria were as follows: active men 
18–25 years old, BMI of 18–25 [20], a history of at least 
two reports of giving way in the last 6 months, and the 
occurrence of the last injury more than 6  weeks before 
the start of the study, ability to bear weight on an injured 
limb (eventually having a slight discomfort), history of at 
least one significant lateral ankle sprain on one side caus-
ing pain and decreasing function for more than a day 
[21, 22]. Exclusion criteria were a history vestibular or 
neuro-musculoskeletal disorders, history of lower limb 
surgery, lower limb injury for at least 6 months prior to 
the study, consumption of medications affecting balance 
such as Betahistine, hypertension drugs and sedatives, 
having musculoskeletal system abnormalities in lower 
extremities such as flat foot, genu varum, physiotherapy 
or participation in physical rehabilitation over the last 
three months. FADI score < 90% and FADI-S < 80% score 
in subjects were indicative of CAI [23].

The G*Power (Version 3.1.6) was used to determine 
the sample size. The calculation was based on the F test, 
with an alpha level of 0.05. The type II error rate was at 
80% power and the effect size of 0.4 of the primary out-
come variable from similar previous studies [17, 24]. The 
appropriate sample size for this study was 21 participants 
whose demographic information is given in Table  1. By 
simple random sampling, the subjects were individu-
ally assigned to control (CON) and intervention groups 
using a web application (randomizer.org). A member of 
the research team who was not involved in the selection 
of samples determined the random allocation sequence 
using the computer program. Sealed non-transparent 
envelopes with respective random sequences were used 
to conceal the allocation, and the subjects were randomly 
divided to three groups: WBT with CI (n = 7); WBT 
without CI (n = 7) and CON (n = 7). All the participants 

in the experimental groups (WBT with CI and WBT) 
received the intervention and the control group didn’t 
received intervention during this period of time.

Exercise protocol
Wobble board training group
In the present study, the training protocol of Linens et al. 
(2016) was used. In this protocol, a CANDO MVP Bal-
ance System model board (USA) was employed as a 
30-inch circular platform with domes of various dimen-
sions that were wrapped around the bottom of the board 
to increase or decrease the intensity of exercises. In each 
session, individuals were asked to perform the follow-
ing exercises in the three positions of standing on both 
feet, standing on non-involved foot, and standing on the 
involved foot on wobble board near the wall. The exer-
cises consisted of 5 sets of 40  s clockwise and counter-
clockwise rotation each (change of rotation direction 
every 10 s) with a 60-s break between each set. The sub-
jects could keep their fingers in contact with the wall for 
more stability. The exercises consisted of 5 levels, and 
each level increased by half an inch (the elevation range 
of domes was 1–3 inches). The subjects started their 
exercises from the lowest level (i.e. the lowest height of 
the dome) and progressed according to the report of 
feeling comfortable, as well as the ability of the partici-
pant to perform smooth circular rotations in both direc-
tions and change uniform directions from clockwise to 
counterclockwise mode and vice versa. The participants 
performed these exercises 3 times a week, each ses-
sion lasting 50 min with warm-up and head exercise for 
5 weeks [17].

Wobble board training with cognitive intervention group
In this study, the CI of Shiravi et al. (2016) was also used. 
Subjects in this group were asked to start counting down 
7 out of a random number between 200 and 300 in their 
minds in addition to WBT described in the previous sec-
tion. Individuals were also requested to be as accurate 
as possible in performing this CI and to announce the 

Table 1 Anthropometric Variables of Participants between 
Groups (mean ± SD)

Note: WBT with CI Wobble Board Training Group with cognitive intervention, 
WBT Wobble Board Training Group, CON Control Group

Variables WBT with CI 
(n = 7)

WBT (n = 7) CON (n = 7) P-Value

Age (years) 22.42 ± 2.22 23.14 ± 1.34 22.42 ± 2.43 0.758

Weight (kg) 72.74 ± 3.84 74.57 ± 4.34 76.41 ± 3.51 0.242

Height (cm) 177.57 ± 5.38 174.43 ± 6.43 176.57 ± 5.85 0.603

BMI (kg/m2) 21.57 ± 1.01 22.29 ± 0.72 22.33 ± 0.72 0.186
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number they had reached at the end. Due to the fact that 
the subjects are on the Wobble board, if they use verbal 
or motor interventions, it may upset the balance. There-
fore, this CI has been used to prevent any movement dis-
order in the body [25].

Control
During this period, the subjects in the CON group per-
formed their normal daily activities and sports in their 
respective fields and did not receive any of the protocols.

Protocol of the test
Proprioception
Proprioception of joint was measured using a Biodex 2 
isokinetic dynamometer (Biodex Medical Systems Inc., 
Shirley, NY). The subjects lay in supine position on 
the associated chair and their feet were placed on a spe-
cial plate (Fig.  1). To prevent extra movement between 
the sole of the foot and the dynamometer plate, as well 
as extra knee movement, the subject’s foot was fastened 
to a certain plate with several tight straps. The knee of 
the tested leg was flexed at 45 degrees and the ankle 
bent at 15-degree plantar flexion. The subjects’ ankles 
were evaluated in the replication of 15-degree inversion 
angle and Maximum inversion angle minus 5-degrees. 
The subjects’ eyes were closed with a blindfold dur-
ing the test. In the passive state, the subjects’ ankle was 

first taken to maximum eversion by the examiner, their 
ankle was taken to one of the two test positions and held 
for 10  s and the subjects were asked to press the stop 
button when feeling to reach the mentioned position. 
Their ankle was brought back to eversion and returned 
to inversion at a rate of 5-degrees per second, and the 
subject was requested to press the stop button when 
feeling to reach the mentioned position. The active posi-
tion is the same as the passive position, except that after 
the subject’s ankle was placed in the test position and 
returned to eversion, the person was asked to actively 
bring the ankle to the same position and press the stop 
button when feeling that the joint angle was replicated. 
Each situation was repeated twice and the mean of two 
replications was used for analysis [26, 27].

Single‑leg jump landing
To perform single-leg jump landing task, the subjects 
were asked to throw their weight on the non-involved 
leg on a 40-cm platform and to stand in such a way that 
the involved leg was bent at knee and held in a relaxed 
position with hands on hip joint. The subject was then 
requested to jump up at the command of test taker and 
land on the center of force plate with the involved leg, 
maintain balance for 3  s and end the performance by 
announcement of test taker. Also, before the main test, 
the subjects were trained to perform the correct jump 
landing. After learning the jump landing technique, each 
subject made 3 correct attempts with an interval of 30 s. 
The correct jump landing technique was checked by the 
tester, and the test was repeated if the balance of the non-
involved leg was disturbed or collided with the ground 
[28]. Information on the ground reaction force during 
jump landing was recorded using a force plate device 
(Kistler, Winterthor, Switzerland, 1000  Hz). The kinetic 
data were recorded at a sampling frequency of 1000 Hz 
and filtered using a four-speed downward Butterworth 
filter and a cut-off frequency of 20. Then, the components 
of maximum ground reaction forces were normalized 
via dividing by the weight of subjects and expressed as 
multiplication of body weight. The mean of data from 3 
successful jump landings was used to calculate the vari-
ables. The variables calculated in this study were anter-
oposterior time to stabilization (AP-TTS), mediolateral 
time to stabilization (ML-TTS), resultant vector of time 
to stabilization (RV-TTS), mediolateral center of pressure 
displacement (ML-COP) and anteroposterior center of 
pressure displacement (AP-COP)  [29].

Y‑Balance Test (YBT)
Dynamic balance was measured using YBT, which calcu-
lates reaching out in individuals in three directions: ante-
rior, posteromedial and posterolateral. Participants were 

Fig. 1 Positioning of the subject for testing active and passive 
joint-position sense on the Biodex 2 isokinetic dynamometer
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placed in the center of three intersecting lines with the 
involved foot, then the opposite foot reached in the spec-
ified directions as far as it could and returned to the start-
ing point without losing balance. At first, they performed 
the test one to four times experimentally, and after 5 min 
of rest, the test was performed three more times in each 
direction with 15  s of rest between each direction. The 
maximum distance reached was measured and recorded 
in three directions: anterior, posteromedial and postero-
lateral in the last three replications. Afterward, mean of 
maximum reaching out in all three directions was calcu-
lated and divided by the length of person’s leg, multiplied 
by 100 and applied as the dynamic balance score of the 
person [30].

Balance Error Scoring System (BESS)
BESS is a reliable and inexpensive tool for measur-
ing static balance in people with CAI. The participants 
stood in three positions, each on two different surfaces 
(stiff and foam), with bare feet and closed eyes for 20  s 
as follows: 1) On both legs; 2) On a single leg; 3) On legs 
tandem stance. The grading method was based on the 
score of error table in six tests. The errors included lift-
ing the arms off the hip, walking, opening the eyes, grab-
bing something, falling, stepping out of the test position 
after 5  s, flexion or abduction of thigh more than 30 
degrees, and lifting the heel or anterior part of leg off the 
surface. The total errors of individuals in six tests were 
recorded as their score with maximum total score in each 
test being equal to 10. If several errors were committed 
simultaneously, they were counted as a single error. Peo-
ple who could not stay in the test position for at least 5 s 
received a score of 10. One-legged standing should be on 
the non-dominant foot and standing with legs in a row 
should be on the dominant leg in the front. The tests 
were done in random order [31].

Statistical analysis
One-way Analysis of covariance (ANCOVA) (3 × 2, 
group x time) was used to compare between groups, the 
pre-test used as the covariate. The follow-up Bonferroni 
post hoc tests were conducted to identify the difference 
between groups in the dependent variables. In addition, 
the paired sample t-test was used to compare the within-
group (pre-test to post-test). All analyzes of the present 
study were performed using SPSS software version 22 at 
a significance level of α ≥ 0.05.

Results
Out of 45 participants, 24 of them were excluded due to 
exclusion criteria. The remaining 21 individuals were ran-
domly assigned to three groups of WBT with CI (n = 7), 
WBT without CI (n = 7) and control (n = 7). During the 

5-week intervention, none of the 21 subjects dropped out 
of the study, and the study ended with the same 21 sub-
jects (Fig. 2). The demographic characteristics of the sub-
jects by groups are listed in Table 1.

This study includes three groups: WBT with CI; WBT 
without CI; and CON group. As reported in Table 1, in 
total, the subjects who participated in this study had 
mean age of 22.66 ± 1.98  years, height of 176.19 ± 5.75, 
weight of 74.57 ± 4.01  kg, and BMI of 22.06 ± 0.86. To 
check the homogeneity of subjects’ demographic infor-
mation in groups, one-way ANOVA test was used. Con-
sidering the fact that the value of measured alpha in all 
variables is > 0.05, we conclude that the three research 
groups are homogeneous in variables of age, height, 
weight, and body mass index.

Comparison of ankle proprioception among groups
Following the intervention period, ANCOVA analy-
sis revealed a main group effect for active replication 
of 15-degree inversion angle (F(2,18) = 25.72, p = 0.001, 
η2 = 0.75,), passive replication of 15-degree inversion 
angle (F(2,18) = 33.66, p = 0.001, η2 = 0.79), active repli-
cation of maximum inversion angle minus 5-degrees 
(F(2,18) = 20.47, p = 0.001, η2 = 0.70,) and passive repli-
cation of maximum inversion angle minus 5-degrees 
(F(2,18) = 9.16, p = 0.002, η2 = 0.51) (Table 2).

Comparison of ankle proprioception between pre- 
and post-test for each group
For the replication of 15-degree inversion angle, the 
WBT with CI group exhibited a significant difference 
by -44.69% for active replication (t = -6.74, p = 0.001) 
and -42.18% for passive replication (t = -6.94, p = 0.001). 
WBT group revealed a significant difference by -35.02% 
for active replication (t = -6.53, p = 0.001) and by -32.69% 
for passive replication (t = -5.90, p = 0.001). The CON 
group did not show any changes in active or passive repli-
cation (p > 0.05) (Table 2).

For the replication of maximum inversion angle minus 
5-degrees, WBT with CI group exhibited a significant 
difference by -48.42% for active replication (t = -14.94, 
p = 0.001) and -41.89% for passive replication (t = -5.38, 
p = 0.002). WBT group revealed a significant difference 
by -45.68% for active replication (t = -5.64, p = 0.001) and 
by –33.11% for passive replication (t = -6.47, p = 0.001). 
The CON group did not show any changes in active 
or passive replication (p > 0.05). In the following, the 
results of Bonferroni post hoc test have shown that in 
the post-test, there is a significant difference in all four 
proprioceptive variables between the CON group with 
WBT with CI group and the CON group with WBT 
group (p < 0.05). But, no significant difference has been 
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observed between WBT with CI group and WBT group 
in any of the variables (p > 0.05). However, the effect size 
comparison showed that WBT with CI group led to more 
improvement than WBT group (Table 2).

Comparison of jump landing kinetic variables 
among groups
Following the intervention period, ANCOVA analysis 
revealed a main group effect for ML-TTS (F(2,18) = 19.48, 
p = 0.001, η2 = 0.69,), AP-TTS (F(2,18) = 16.46, p = 0.001, 

η2 = 0.66,), RV-TTS (F(2,18) = 52.16, p = 0.001, η2 = 0.86,), 
ML-COP (F(2,18) = 31.33, p = 0.001, η2 = 0.78,) and AP-
COP (F(2,18) = 30.72, p = 0.001, η2 = 0.78) (Table 3).

Comparison of jump landing kinetic variables 
between pre- and post-test for each group
For displacement of COP, WBT with CI group exhib-
ited a significant difference by -14.04% for mediolateral 
(t = -6.15, p = 0.001) and -10.43% for anteroposterior 
(t = -5.40, p = 0.002) displacement. WBT group revealed 

Fig. 2 The CONSORT flow diagram. WBT with CI = Wobble Board Training Group with cognitive intervention; WBT = Wobble Board Training Group; 
CON = Control Group

Table 2 Ankle proprioception (mean ± SD) and mean difference (95% CI)

Note: WBT with CI Wobble Board Training Group with cognitive intervention, WBT Wobble Board Training Group, CON Control Group
a  Significant difference compared to CON (p < 0.05)

Pre-test Post-test Mean Difference (95% 
CI)

Pre-test Post-test Mean Difference (95% CI)

Active replication of 15-degree inversion angle (Degree) Passive replication of 15-degree inversion angle (Degree)

WBT with CI 5.37 ± 1.15 2.97 ± 0.58 -2.40 (-3.2, -1.5) a 5.31 ± 1.46 3.07 ± 0.77 -2.24 (-3.0, -1.4) a

WBT 5.51 ± 1.84 3.17 ± 1.07 -2.34 (-3.2, -1.4) a 4.68 ± 1.04 3.15 ± 0.52 -1.52 (-2.1, -0.8) a

CON 5.30 ± 1.13 4.82 ± 1.08 -0.47 (-1.0, 0.05) 5.07 ± 1.64 4.81 ± 1.12 -0.25 (-1.0, 0.5)

Active replication of maximum inversion angle minus 5-degrees 
(Degree)

Passive replication of maximum inversion angle minus 5-degrees 
(Degree)

WBT with CI 6.34 ± 1.16 3.27 ± 1.17 -3.07 (-3.5, -2.5) a 5.80 ± 1.99 3.37 ± 1.87 -2.42 (-3.5, -1.3) a

WBT 5.91 ± 0.99 3.21 ± 0.73 -2.70 (-3.8, -1.5) a 6.01 ± 1.72 4.02 ± 1.47 -1.98 (-2.7, -1.2) a

CON 6.11 ± 1.69 5.52 ± 1.10 -0.58 (-1.5, 0.3) 5.90 ± 1.92 6.05 ± 1.92 0.15 (-1.4, 1.7)
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a significant difference by -11.30% for mediolateral 
(t = -6.42, p = 0.001) and by –9.45% for anteroposterior 
(t = -6.33, p = 0.001) displacement. The CON group did 
not show any changes in displacement of COP variables 
(p > 0.05) (Table 3).

For the TTS, the WBT with CI group exhibited a sig-
nificant difference by -17.09% for mediolateral (t = -3.66, 
p = 0.010), -9.31% for anteroposterior (t = -3.42, 
p = 0.014) and -13.27% for resultant vector (t = -5.43, 
p = 0.002). WBT group revealed a significant difference 
by -16.09% for mediolateral (t = -6.49, p = 0.001), –9.43% 
for anterposterior (t = -4.96, p = 0.003) and -12.03% for 
the resultant vector (t = -6.83, p = 0.001). The CON group 
did not show any changes in TTS variables (p > 0.05). In 
the following, the results of Bonferroni post hoc test have 
shown that in the post-test, there is a significant differ-
ence in all five kinetic variables between the CON group 
with WBT with CI group and the CON group with WBT 
group (p < 0.05). But, no significant difference has been 
observed between WBT with CI group and WBT group 

in any of the variables (p > 0.05). However, the effect size 
comparison showed that WBT with CI group led to more 
improvement than WBT group (Table 3).

Comparison of dynamic and static balance among groups
Following the intervention period, ANCOVA analy-
sis revealed a main group effect for dynamic balance 
(F(2,18) = 6.09, p = 0.010, η2 = 0.41,) and static balance 
(F(2,18) = 54.68, p = 0.001, η2 = 0.86) (Table 4).

Comparison of dynamic and static balance between pre- 
and post-test for each group
For dynamic and static balance, WBT with CI group 
exhibited a significant difference by 6.98% for dynamic 
(t = 2.53, p = 0.045) and -54.72% for static (t = -7.89, 
p = 0.001) balance. WBT group revealed a significant dif-
ference by 7.21% for the dynamic (t = 2.82, p = 0.030) and 
by -40.35% for static (t = -6.95, p = 0.001) balance. The 
CON group did not show any changes in dynamic nor 
static balance (p > 0.05). In the following, the results of 

Table 3 Jump landing kinetic variables (mean ± SD) and mean difference (95% CI)

Note: WBT with CI Wobble Board Training Group with cognitive intervention, WBT Wobble Board Training Group; CON = Control Group
a  Significant difference compared to CON (p < 0.05)

Pre-test Post-test Mean Difference (95% CI) Pre-test Post-test Mean Difference (95% CI)

Mediolateral Center of pressure (Cm) Anteroposterior Center of pressure (Cm)

WBT with CI 2.35 ± 0.28 2.02 ± 0.18 -0.32 (-0.4, -0.1) a 2.30 ± 0.18 2.06 ± 0.13 -0.23 (-0.3, -0.1) a

WBT 2.30 ± 0.33 2.04 ± 0.28 -0.26 (-0.3, -0.1) a 2.22 ± 0.21 2.01 ± 0.14 -0.20 (-0.2, -0.1) a

CON 2.38 ± 0.29 2.38 ± 0.26 -0.001 (-0.05, 0.04) 2.23 ± 0.19 2.25 ± 0.18 -0.02 (-0.002, 0.04)

Mediolateral time to stabilization (Second) Anteroposterior time to stabilization (Second)

WBT with CI 3.10 ± 0.93 2.57 ± 0.67 -0.52 (-0.8, -0.1) a 3.22 ± 0.29 2.92 ± 0.13 -0.30 (-0.5, -0.08) a

WBT 3.23 ± 0.70 2.71 ± 0.61 -0.52 (-0.7, -0.3) a 3.18 ± 0.42 2.88 ± 0.31 -0.29 (-0.4, -0.1) a

CON 3.38 ± 0.32 3.35 ± 0.30 -0.02 (-0.06, -0.01) 3.30 ± 0.25 3.29 ± 0.24 -0.01(-0.04, 0.02)

Resultant vector time to stabilization (Second)

WBT with CI 4.52 ± 0.69 3.92 ± 0.45 -0.59 (-0.8, -0.3) a

WBT 4.57 ± 0.53 4.02 ± 0.39 -0.55 (-0.7, -0.3) a

CON 4.73 ± 0.28 4.70 ± 0.28 -0.02 (0.01, -1.4)

Table 4 Dynamic and Static balance (mean ± SD) and mean difference (95% CI)

Note: WBT with CI Wobble Board Training Group with cognitive intervention, WBT Wobble Board Training Group, CON Control Group
a  significant difference compared to CON (p < 0.05)

Dynamic balance
(Normalized to limb length × 100)

Static balance
(Number of errors)

Pre-test Post-test Mean Difference 
(95% CI)

Pre-test Post-test Mean Difference (95% CI)

WBT with CI 71.57 ± 5.38 76.57 ± 4.89 5.00 (0.1, 9.8) a 19.24 ± 4.11 8.71 ± 1.70 -10.71 (-14.0, -7.3) a

WBT 69.42 ± 6.39 74.43 ± 3.86 5.00 (0.6, 9.3) a 17.00 ± 4.16 10.14 ± 1.77 -6.85 (-9.2, -4.4) a

CON 68.28 ± 3.35 68.57 ± 4.39 0.28 (-1.0, 1.6) 18.42 ± 3.59 17.14 ± 2.85 -1.28 (-3.5, 1.0)
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Bonferroni post hoc test have shown that in the post-test, 
there is a significant difference in dynamic and static bal-
ance variables between the CON group with WBT with 
CI group and the CON group with WBT group (p < 0.05). 
But, no significant difference has been observed between 
WBT with CI group and WBT group in dynamic and 
static balance variables (p > 0.05). However, the effect 
size comparison in static balance showed that WBT with 
CI group led to more improvement than WBT group 
(Table 4).

Discussion
The present study was conducted to investigate and com-
pare the effect of a WBT course with and without CI on 
balance, ankle proprioception and some jump-landing 
kinetic parameters in active men with CAI. The results 
showed that a course of WBT with and without CI leads 
to significant improvement in balance, proprioception and 
jump-landing kinetic parameters in active men with CAI.

The present study showed that WBT with and without 
CI reduce mean replication error of 15-degree inversion 
angle and Maximum inversion angle minus 5-degrees 
of ankle in both active and passive states in men with 
CAI after 5  weeks. However, no significant difference 
was observed between the two experimental groups of 
WBT with and without CI. The findings of the present 
study are in line with those of Eils et al. (2010) who stated 
that neuromuscular training and balance board training 
can improve ankle proprioception in both inversion and 
eversion angles [24].

Impaired proprioception is among the performance 
disabilities associated with CAI. Overall, the proprio-
ception system helps control movements in humans by 
obtaining information from the environment. After ankle 
sprain, neuromuscular function decreases due to damage 
to receptors of ankle ligaments and peroneal nerve [26]. 
One of the mechanisms and risk factors of external ankle 
sprain is excessive inversion where people with CAI are 
defective in recognizing it prior to ground contact. Bal-
ance board exercises are among the most common meth-
ods in rehabilitation of CAI that have been designed to 
help retrain the sensory system via improving the func-
tion of articular mechanical receptors and restoring the 
neuromuscular feedback loop [32].

In this regard, Anguish et al. (2018) reported that four 
weeks of balance training improves the proprioception of 
people with CAI in inversion, eversion, dorsiflexion, and 
plantar flexion [33]. Lee et al. (2008) in a research exam-
ining the effect of 12 weeks of WBT on ankle balance and 
proprioception in those with functional ankle instability. 
The results of this study showed that this training pro-
tocol has a significant effect on balance and propriocep-
tion in persons with performance instability of the ankle 

and that the subjects had better scores in propriocep-
tion relative to pre-test after 12  weeks of WBT [34]. It 
has also been reported that healthy people who perform 
proprioception exercises have 35% lower chance of ankle 
sprains than those who do not and that these exercises 
can reduce the risk of re-injury by up to 36% in individu-
als having a history of ankle sprains [35].

In contrast, Bernier et al. (1998) reported that 6 weeks 
of balance training and wobble board coordination in 
individuals with functional ankle instability did not 
improve active or passive ankle position replication [36]. 
Riemann et al. (2003) also stated that 4 weeks of coordi-
nation and balance exercises with wobble board would 
not have a significant positive effect on proprioception 
and balance of healthy active people [37]. However, this 
difference in the mentioned results could be due to vari-
ation in health status of participants (healthy or injured) 
in the study because Verhagen et al. (2005) have reported 
that diverse research results may be a function of differ-
ences in the degree of defect. For example, one person 
might experience severe imbalance after ankle sprains, 
while another one might be subject to defective proprio-
ception [38, 39].

Despite observing a significant improvement of the 
two experimental groups in ankle proprioception rela-
tive to CON group, no significant difference was detected 
between the two groups of WBT with and without CI. In 
spite of reviewing previous investigations, the researcher 
could not find a study examining the effect of balance 
exercises with CI on ankle proprioception up to this date.

Also, the results of the present study showed that 
5  weeks of WBT with and without CI had a significant 
effect and improved the kinetic parameters of ankle dur-
ing single-leg jump landing in those with CAI in two 
experimental groups compared to CON group; however, 
no significant difference was observed between the two 
experimental groups. Selected kinetic parameters of this 
study include ML-TTS, AP-TTS, RV-TTS, ML-COP and 
AP-COP.

Posture fluctuations are among the parameters that can 
be examined after ankle sprain. It is a common method 
to study posture fluctuations by calculating the mean dis-
placement of the leg pressure center. Various studies have 
presented balance exercises, especially WBT, for post lat-
eral ankle sprain rehabilitation and have also been shown 
to exert positive effects on reducing posture fluctuations 
[25, 34, 40–42].

In this study, the height of wobble board from the 
ground increased by half an inch at each stage. Increase 
in height increases the inclination angle of wobble board. 
As a result of this increase in inclination angle of wobble 
board, the activation rate of leg muscles also increases. 
WBT are also a type of closed-chain movement exercise 
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that further stimulate the mechanical receptors in mus-
cle joint and sole of the foot [34]. The results of the pre-
sent study are consistent with those of Lee et al. [34] and 
Zemkova et al. [40]. Lee et al. also observed a significant 
reduction in posture fluctuations in both internal–exter-
nal and anterior–posterior directions after 12  weeks of 
balance board exercises in individuals with functional 
ankle instability [34]. Zemkova et  al. have reported that 
six weeks of combined agility and balance exercises with 
wobble board have a remarkable effect in reducing pres-
sure center fluctuations [40].

On the other hand, the results of the present study are 
not consistent with findings of Chong et al. [43] and Ver-
hagen et al. [38]. Chong et al. stated that after four weeks 
of balance training, no significant reduction is observed 
in pressure center fluctuations [43]. In another study, 
Verhagen et  al. compared the effect of 5  weeks of bal-
ance training on fluctuations in the COP while standing 
on one leg in people with and without a history of lateral 
ankle sprain, and finally reported that 5 weeks of balance 
training had no significant effect in reducing fluctuations. 
The author stated that this lack of significant reduction 
could be because of the selection of subjects from differ-
ent sports since athletes in various sports have diverse 
levels of physical factors such as balance, proprioception 
or strength. Therefore, depending on the subject’s sport, 
lateral ankle sprain in one person may be associated with 
an apparent defect in balance and in another person with 
an obvious defect in strength.

Jump landing is a common movement in sports activi-
ties that requires strong dynamic stabilization, and it is 
also a frequent mechanism for ankle lateral sprain due 
to excessive ankle inversion. In general, the ability to 
achieve stabilization more quickly is a positive feature 
and reduces the risk of injury. Numerous researchers 
have examined the defect in TTS after repeated lateral 
ankle sprain and stated that TTS defect is present in 
both anteroposterior and mediolateral directions, but 
this defect is more prevalent in anteroposterior direction 
[44]. Results of the present study showed that five weeks 
of WBT with and without CI led to a significant reduc-
tion in AP-TTS and ML- TTS as well as RV-TTS com-
pared to the CON group. Nevertheless, no significant 
difference was observed between the two experimental 
groups in this regard. The findings of the present study 
are in line with Ross et al. [41] and Mckeon et al. [42].

Ross et al. (2006) reported that coordination exercises 
with wobble board reduced AP-TTS after two weeks 
and ML-TTS after four weeks. These findings indicate 
that achieving stabilization in posteromedial direction 
requires a longer rehabilitation program [41]. Mckeon 
et  al. (2008) also reported that four weeks of balance 
training in people with CAI improves performance and 

postural stability in anteroposterior and posterolateral 
directions [42].

Melzer et  al. (2001) have shown that posture fluctua-
tions increase when performing dual tasks [45]. Also, 
Rahnama et  al. (2010) reported that postural fluctua-
tions in people with ankle instability in both anteropos-
terior and posteromedial directions in single-leg standing 
together with CI are higher than single-legged standing 
without CI [46]. While Shiravi et  al. (2016) in a study 
investigated the effect of dual task on postural fluctua-
tions while standing on one leg in people with CAI and 
showed that postural fluctuations were decreased in both 
anteroposterior and posteromedial directions in dual 
task mode [25].

People with CAI use hip strategy to compensate for the 
imbalance. This strategy is most likely because they are 
more confident in maintaining their balance by chang-
ing the hip joint instead of the ankle. In other words, to 
maintain joint stability, they try to lock the ankle joint 
and reduce the range of joint movement. An error in 
static balance test was the separation of leg from the sur-
face and walking. After five weeks of balance training, 
it was observed that the subjects’ errors in balance test 
were decreased relative to pre-test. WBT help people rely 
more on ankle strategy to have more stabilization in the 
ankle area, to have more contact with the ground with-
out fear of ankle rotation and to have more contact with 
ground using ankle movements and range to achieve a 
better balance [17].

The WBT protocol instructs subjects to hold or rotate 
the edges of wobble board near the ground gently and in 
a controlled manner, gradually building up ankle range 
and not allowing for an excessive or uncontrolled rota-
tion, and this ability to control the movements and sta-
bilization of ankle is itself one of the main factors of 
maintaining balance and subsequently preventing exces-
sive inversion of the ankle and sprain of lateral ankle 
ligament.

The results of the present study are consistent with 
the findings of Lee et al. [34], Wright et al. [3] and Lin-
ens et al. [17]. In a study of people with functional ankle 
instability, Lee et  al. (2008) found that subjects scored 
better on postural control and proprioception after 
12 weeks of WBT relative to pre-test [34]. Wright et al. 
(2017) selected two common rehabilitation methods, 
including balance board exercises using wobble board 
and resistance training by stretch. After 12 training ses-
sions over 4  weeks, the research findings showed that 
balance exercises using wobble board are more effective 
in rehabilitating CAI than resistance training [3]. Linens 
et al. (2016) studied the effect of 4 weeks of WBT on bal-
ance and performance in people with CAI. The results 
of this article indicated that four weeks of WBT had a 
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significant positive effect on static and dynamic balance 
variables and performance of people with CAI, which is 
consistent with the findings of the present study [17].

Significant improvements in YBT were also observed 
in the two experimental groups compared to the CON 
group. Wobble board and YBT are known as two part-
ner tasks with the difference that the wobble board has 
a moving support surface and individuals must maintain 
their mass center within this stable range while perform-
ing WBT, but YBT has a fixed support surface, the mass 
center is mobile and persons try to keep their mass cent-
ers within a stable range. Thus, it seems that moving sup-
port surfaces such as wobble board improve balance on 
fixed surfaces such as YBT [17].

The results of the present study did not show a signifi-
cant difference between the two experimental groups, 
however, WBT with CI showed better scores in post-test 
static and dynamic balance compared to WBT which 
is confirmed by Hiyamizu et  al. research (2012). In this 
study, it was shown that adding a cognitive task to a bal-
ance exercise did not improve balance in the dual task 
group compared to the balance exercise group, and no 
significant difference in balance was observed between 
the two groups [47]. Furthermore, Melzer et  al. (2001) 
evaluated the effect of cognitive task during a motor 
task on postural fluctuations and reported that perform-
ing a cognitive task during a motor task increases pos-
tural fluctuations and decreases balance in individuals 
[45]. These results are consistent with the theory of lim-
ited capacity of attention, which states that when dual 
tasks are performed simultaneously, if the total atten-
tion capacity of the individual is less than the attention 
required to perform both tasks, the result will be a mal-
function of both tasks or one of them, and a decrease in 
balance while performing a dual task can be a function of 
this interference theory. In contrast, Shiravi et al. (2016) 
state that dual cognitive task combined with a motor task 
leads to a reduction in postural fluctuations [25], which 
is in line with the results of Andersson et al. (2002) [48]. 
This discrepancy between research results can be due to 
differences in inclusion criteria of the subjects, including 
their age or health status, or because of the type of cogni-
tive task selected in terms of severity or ease.

Because postural control in daily activities, as well 
as sports and leisure activities and team games usually 
requires at least another simultaneous task (for exam-
ple, maintaining balance when thinking about team-
mates’ performance and placement), an athlete should 
be able to devote some attention to other activities with-
out compromising motor function and postural control. 
Researchers have also shown that interventions that shift 
focus away from postural control are more effective in 
balance training than interventions focusing on postural 

control [46]. Therefore, it is better that exercise protocols 
for people with CAI are designed as dual tasks, and each 
motor activity should be accompanied with a cognitive 
activity so that the person learns to control posture auto-
matically and without the need for attention.

It should be noted that due to the coronavirus epi-
demics and the need to comply with health protocols 
in the laboratory, training clubs and testing facilities, it 
was not possible to include more subjects in this study. 
Besides, this research was performed on active men aged 
18–25 years with CAI. Therefore, it cannot be generalized 
to the whole community. On the other hand, considering 
that the subjects of the present study were active people, 
it is recommended to recruit subjects who are active in 
different sports in future research. Moreover, the lack 
of significant effect of WBT with CI compared to these 
exercises without CI can be due to the short training 
period. Therefore, in future research, it is recommended 
to study the effect of the training protocol mentioned in 
this study with a training period of more than 5 weeks. 
It is also suggested that in a similar study, the variables 
of this study be compared and evaluated between injured 
and healthy feet in people with CAI.

Conclusions
Therefore, according to the findings of the present study, 
it can be concluded that a course of WBT with and with-
out CI leads to a significant improvement in balance, pro-
prioception and jump-landing kinetic parameters, which 
include the TTS and displacement of COP in active men 
with CAI. Moreover, according to the effect size calcu-
lated for each variable, it was found that after five weeks 
of training, the WBT group with CI generally led to fur-
ther improvement relative to WBT group without CI; 
however, this difference was not significant in any of the 
variables.
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