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Purpose: This study aimed to investigate the effect of eight weeks of core stability training on
the Functional Movement Screen (FMS) test scores in elite goalball players.
Methods: The study sample included 26 elite goalball players. The players were randomized into
the two groups of experimental (n=13) and control (n=13). Besides, FMS was used to evaluate
the study variables in both groups, before and after the eight weeks of training. After the pretest,
the experimental group performed the core stability training using a Swiss ball, three days a week
for eight weeks; the control group did the usual training. Then, the analysis of covariance at the
significant level of 0.05 was used to analyze the obtained data.
Results: The results showed a significant difference in the adjusted mean scores of the FMS test
between the experimental and control groups (P=0.021).
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Conclusion: The positive effect of core stability training on the FMS test scores of the motor
function in goalball players emphasizes the effectiveness of this training in core stability muscles.
Therefore, it is suggested to use core stability training combined with exercises as an effective
way to improve movement patterns and prevent injury in goalball players.
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Highlights
● Little is known about how core stability impacts movement screen test in blind athletes.
● Eight weeks of core stability exercise can positively affect FMS test in elite Goalball players.
● The advantages are more noticeable in Goalball players with lower movement quality.

Plain Language Summary
Preparticipation assessments are the standard approach for evaluating poor movement quality that would increment
musculoskeletal injury chance. However, little is known about how core stability impacts movement screen test in
blind athletes. This study examined the effects of the an 8-week core stability training program on the functional movement screening test in 26 elite goalball players (13 in the training group, 13 in the control group). The training group
was requested to complete a core stability training program using a swiss ball that met 3 times per week for 8 weeks.
The control group did usual goalball exercises. The score of functional movement screening test were significantly
increased from the baseline in training group. An 8-week core stability training program using a swiss ball increases
functional movement screening test in Iranian elite goalball players. The advantages are more noticeable in goalball
players with lower movement quality.

S

1. Introduction

tudies have shown that elite goalball
athletes need the explosive strength of
lower and upper limbs, speed, balance,
muscular strength, and high muscular endurance [1, 2]. Also, coaches use
several types of training to improve the
performance of goalball players. Recently, many studies
have examined the effect of core stability training on the
motor function of athletes in various fields and reported
the positive effects of this training [3]. However, the effect of this training on the motor function of goalball
players is not clear.
With the eyes closed, the body fluctuations of a healthy
person in the standing position increase by 20% to 70%,
compared with when the eyes are open [4, 5]. Vision is
also of particular importance in motion control and balance and is often more important and prominent than
the other sources of information [6, 7]. The reduction or
loss of function in the systems involved in height control weakens the performance of the other height control
mechanisms. Besides the changes in height control, the
lack of vision increases social dependence, limits daily
activities, decreases self-confidence, and declines physical fitness [8]. Study on the frequency of sports injuries
in the veteran and disabled athletes of twelve sports (athletics, sitting volleyball, weightlifting, wheelchair basketball, shooting, amputee football and cerebral palsy
football, archery, table tennis, swimming, cycling, and
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goalball) showed the highest frequency of injuries in volleyball [9]. Therefore, it is important to identify the causing and risk factors of injuries in goalball. The preseason
screening of athletes is used to identify the risk factors of
injuries [10]. Moreover, the enhancement of core stability and the strengthening of core stabilizing muscles has
become one of the new topics in sports medicine. Core
stability enhancement has several advantages, including
improved athletic performance, the prevention of injuries, and the reduction and treatment of musculoskeletal
disorders [11]. Also, core stability training improves athletic performance and reduces injury [12].
Goalball is one of the sports that was invented in 1946
by Hanz Lorenzen to help in the rehabilitation and improvement of the physical and mental fitness of the
blinded people. It has been played since Toronto Paralympics in 1976. Currently, 112 countries are the members of the Blind Sports Federation and play goalball. In
this sport, players compete in two teams of three. The
players of each team try to roll a ball (1.250 kg) towards
the opposing team’s net [13].
The pelvic and trunk stability is essential for all upper and lower-limb movements, also, trunk muscles are
activated before the limb muscles to stabilize the spine
as a structure for functional movements [14]. This area
acts as a link to perform sports by effectively transferring
the forces produced in the lower limb to the upper limb
through the trunk [3, 15]. Besides, core stability plays a
pivotal role in the effective biomechanical performance
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Table 1. Core stability training program for eight weeks
Training Protocol

First and Second Weeks

Third and Fourth Week

Fifth and Sixth Weeks

Seventh and Eighth Weeks

Resting

Sets

Repetitions

Sets

Repetitions

Sets

Repetitions

Sets

Repetitions

Lifting the opposite arm
and leg on the ball

2

6

2

8

3

6

3

8

30

Push-up on the ball

2

6

2

8

3

6

3

8

30

Single-leg crunch

2

6

2

8

3

6

3

8

30

Stability ball squat

2

6

2

8

3

6

3

8

30

Ball hamstring curls

2

6

2

8

3

6

3

8

30

Cycling

2

7

2

10

3

13

3

16

30

Lounge using stability ball

2

8

2

10

3

8

3

10

30

Side-lying external rotation

2

8

2

10

3

8

3

10

30

Single-leg bridge

30

2

35

2

45

2

55

2

30

Side plank

30

2

35

2

45

2

55

2

30

and is an important component in the maximum efficiency and performance of athletes and the prevention
of sports injury. The core of the body is the endpoint,
the point of connection, and the receptor of forces from
all motor chains during all dynamic activities, including
sports activities. Therefore, the control of the strength,
balance, and movement of this part will maximize the
function of the kinetic chain of the upper and lower limb
[16]. Although many studies have examined the effect of
core stability training on the motor function of athletes
in various fields, no study has examined the effect of this
type of training on the motor function of goalball players.
On the other hand, a Functional Movement Screen
(FMS) seems necessary to prevent injury and improve
performance strategies [10]. Cook, Burton, and Hoogenboom have introduced the FMS tests, considering preseason screening and performance-related factors [17].
The FMS includes seven motor performance tests,
which can identify limitations and changes in normal
movement patterns. These tests are designed to investigate the interaction between kinetic chain mobility and
the needed stability to perform functional and essential
motor patterns. It takes five to ten minutes to be performed, thus, the FMS tests can be easily used by trainers for preseason assessments [17, 18]. The movement
patterns of these tests require controlled neuromuscular
movement in various sports. By adapting to dysfunctional movement strategies, athletes are at the risk of injury,
despite performing well in sports [10]. Due to the participation of players with vision loss in goalball as well

as weakness in their posture, the movement patterns of
these players are also affected [8]. Changes in movement
patterns also cause compensatory movement patterns,
muscle strain, overwork, and ultimately injury [19]. Accordingly, screening the motor performance of goalball
players is of great importance.
Various studies have shown that defects in the core stability can reduce the effectiveness of correct movement
patterns. However, no study has yet examined the effect
of core stability training on the motor performance of
goalball players. Therefore, this study investigated the effect of eight weeks of core stability training on the FMS
scores of goalball players, in Tehran and Qazvin City.

2. Materials and Methods
The study sample consisted of 26 elite goalball athletes with B2 and B3 visual classification. Using the
purposeful sampling method, the players were selected
and randomly assigned into the two groups of experimental (n=13) and control (n=13). Also, two subjects
of the control group and two of the experimental group
were excluded from the study, because of the lack of
regular participation in the training sessions and tests.
The experimental group was subjected to the core stability training in three 40-minute sessions per week, for
eight weeks. The training sessions were adopted from
three studies that reported the effectiveness of this type
of training. Besides, we considered a 30-second interval
between each set, also, a resting time of 60 s was re-
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Table 2. Mean±SD of the demographic characteristics of the study sample (n=13)
Mean±SD

Demographic Characteristics

P

Experimental

Control

Height (cm)

168.23±10.95

173.53±10.72

0.22

Weight (kg)

73.61±13.20

71.30±12.51

0.65

BMI (kg/m2)

25.84±2.75

23.56±2.65

0.41

Table 3. Results of the ANCOVA
The Analysis of Covariance

Functional movement screen

Pretest

df

Mean Square

F

P

η2

Training

1

1.69

6.13

0.021

0.21

Error

23

0.277

-

-

-

garded between two different movements [20-22] (Table
1). Concurrently, the control group performed the usual
training. Finally, the FMS tests were used to evaluate the
study variables. Also, SPSS v. 22 was used to analyze the
obtained data. A significance level of 0.05 was considered in all statistical analyses.

who were unable to perform the movement without
compensatory movements were scored 1, and the subjects received no score in the case of the feeling of pain
during movement or test [23] (Figure 1-7).

Performing and Scoring of the FMS Tests

According to Table 2, the two groups do not significantly differ in the demographic information, such as
age, weight, height, and body mass index.

Subjects were scored 3 if they correctly and without
compensatory movements performed tests, including the
deep squat, stepping over the obstacle, lounge, shoulder
flexibility, active straight leg raise, trunk stability pushup, and rotary stability. They were scored 2 if they performed the tests with compensatory movements. Those

3. Results

The analyses confirmed the normal distribution of data,
the homogeneity of regression line slope, and the linear
relationship between the covariate and dependent vari-

Figure 1. Deep Squat-test
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Figure 2. Hurdle step

able. Therefore, the Analysis of Covariance (ANCOVA)
at the level of 0.05 was used to test the hypotheses.
The results of ANCOVA showed a significant difference between the adjusted mean of the FMS scores between the core stability training (M=16.72) and control
(M=16.2) groups of elite athletes (F1, 23=6.13, P=0.021,
and η2=0.21) (Table 3).

4. Discussion
Our results showed that core stability training improved
the score of the FMS test in goalball athletes. The movement patterns of these players are affected because of the
vision loss and postural weakness [8]. Moreover, changes in movement patterns cause compensatory movement
patterns, muscle strain, overwork, and ultimately injury

[19]. Defects in core stability can reduce the effectiveness of correct movement patterns [24]. Besides, deficiencies in the core stability muscles lead to a delay in
the activation of the muscles of the lower extremities and
different injuries. These muscles are also responsible for
maintaining the pelvic floor height. Thus, the weakness
of these muscles leads to the loss of proper pelvic alignment, therefore, the muscles of the lower limbs that are
attached to this area reduce their efficiency and are prone
to injury due to the disruption of the proper length-tension relationship [16].
The most important functions of the core stability
muscles include providing proper alignment, the optimal connection between the pelvis and the spine, the
prevention of excessive pressure, and compensatory
pelvic movements throughout the limbs [25]. Thus, core

Figure 3. In-line lunge
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Figure 4. Shoulder Mobility

Figure 5. Active straight leg raise

stability training prevents injury. Our results confirm this
statement because FMS is a method to predict the percentage of injury, also, poor core stability is one of the
factors affecting the rate of injury in female athletes [11].
Consistent with the results of Haddadnejad et al. [11], our
results indicate the effectiveness of core stability training
in the FMS score.
Besides, Babakhani et al. stated that training to improve
core stability muscle can be used as a way to prevent injury [12]; this is consistent with our results, regarding the
effect of core stability training on the score of the FMS
test. Also, regarding the effect of core stability train-

ing on the score of FMS, our results are consistent with
the results of Kibler et al. who stated that core stability
training plays a pivotal role in the effective biomechanical performance and is an important factor for maximal
function and performance and the prevention of injuries
in athletes [16]. Because FMS is a method to predict the
percentage of injury. However, Okada et al. examined the
“relationship between core stability, motor function, and
performance” and reported no significant relationship between core stability training and the FMS test scores [26].
The discrepancy between the two studies could be derived
from the consideration of the different study samples because Okada et al. studied on nonathletes.

Figure 6. Truck Stability Push Up
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Figure 7. Rotary Stability

The positive effect of core stability training on the
FMS test scores and the motor function of goalball players emphasizes the constructive effect of this training on
core stability muscles. Because the core of the body is
the endpoint, the point of connection, and the receptor
of force from all motor chains during all dynamic activities. Therefore, the control of the strength, balance, and
movement of this part will maximize the function of the
kinetic chain of the upper and lower limb [16]. Also, this
area acts as a link to perform sports by effectively transferring the forces produced in the lower limb to the upper
limb through the trunk [21].
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5. Conclusion
Defects in the stability muscles reduce the strength of
the muscles responsible for the kinetic chain, increase
the reaction time, reduce the ability to maintain balance
and the center of gravity within the support surface;
weakness in these muscles makes a person prone to injury [24]. Due to the significant positive relationship obtained between core stability training and the FMS test
scores, it is recommended to use core stability training
along with other trainings as an effective way to improve
athletic performance and balance and prevent injury.
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