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Purpose: People who have Down Syndrome (DS) usually have deficiencies in muscular strength,
muscular endurance, the development of motor skills, postural control, and gait cycle. These muscular
and balance deficits impair daily living activities in people with DS; therefore, attention to improving
these factors in various recreational environments seems necessary. Thus, the present study aimed
to compare two methods of suspended and non-suspended core stability exercises (Total Resistance
exercises (TRX) and Swiss ball) on balance and muscular endurance in males with DS.
Methods: This was a quasi-experimental research with a pretest-posttest and a control group design.
The statistical sample of the study included 54 males aged 18-27 years with DS. Moreover, the samples
were purposefully selected based on the study inclusion and exclusion criteria and were randomly
divided into three groups (each group: 18 individuals). Stork test, Y Balance Test (YBT), and core
stabilizer muscle endurance tests were used to evaluate static balance, dynamic balance, and muscular
endurance, respectively. After measuring the pretest, the first and second groups and the control
group continued core stability exercises with Swiss ball, core stability exercises with TRX, and their
daily routine life activities for 8 weeks, respectively. Eventually, the posttest was performed after the
completion of the trial.
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Results: The obtained results suggested that the core stability training groups with Swiss ball and TRX had
a significant increase in the posttest scores of static balance, dynamic balance, and muscular endurance,
compared to the control group. Post-hoc test results also illustrated that the mentioned difference was
between both training groups and the training groups with the control group; therefore, in the variable
of static balance, the core stability training group with Swiss ball demonstrated a more considerable
increase than the core stability training group with TRX. However, in the variables of dynamic balance
and muscular endurance, the core stability training group with TRX revealed more increase.
Conclusion: This study indicated that the core stability exercises with Swiss ball improved static
balance, dynamic balance, and muscular endurance in males with DS. Thus, such exercises can be used
in a different enjoying environment to develop some fitness indicators in this group.
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Highlights
● Core stability training with a Swiss ball and TRX can improve the static balance, dynamic balance, and muscular
endurance abilities in males with Down syndrome.
● Core stability training with Swiss ball indicated a more considerable increase in static balance ability, compared to
the core stability training with TRX.
● Core stability training with TRX suggested a more considerable increase in dynamic balance and muscular endurance abilities, compared to the core stability training with the Swiss ball.

Plain Language Summary
People with Down Syndrome can benefit from core stability training protocols using a Swiss ball and TRX to improve their physical abilities, especially balance and muscular endurance abilities. Accordingly, they could improve
their quality of life.

D

1. Introduction

own Syndrome (DS) is among the most
prevalent developmental disorders. It usually (90-95% of the cases) occurs due to
the presence of an extra chromosome on
chromosome 21; such condition is called
trisomy 21 [1]. The primary cause of DS
is unrecognized. The old age of the mother in the time
of fertility, the effects of X-ray on the egg cell and germ
cells during the first months of pregnancy, hormonal disorders, and viral infections are among the reasons for the
development of this disorder [2]. These children have
similar anatomical and muscular characteristics.
Moreover, the development of motor skills in children
with DS is similar to the growing pattern of healthy children; however, it is slow and delayed [3]. Moreover,
children with DS often indicate weakness in muscular
strength, muscular endurance, the development of motor
skills, disorders in controlling posture, and gait cycle [4].
Balance problems and postural stability prevent people
with DS from exercises and movements in their daily
living; therefore, it is necessary to provide movement
programs in a happy and enjoyable environment to enhance their willingness to participate in such programs
and improving their motor skills.
Exercise interventions are capable of improving physical skills, promoting socialization, and providing health
benefits. Furthermore, they overall provide a pathway,
which improves the quality of life of people with DS [5,
6]. In addition, a review study demonstrated the necessity of using specific exercise interventions to improve the
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physical abilities of people with DS [7]. Practicing core
stabilization has been considered to improve the balance
performance of people with disabilities [8]. The core
muscles provide the stability of the trunk and spine during movements, such as jumping, running, and throwing.
Weakness in muscular endurance, especially in the trunk
area, can affect the stability of this area while performing
motor skills. Ultimately, it impairs one’s function [9].
Additionally, core stability exercises positively impact
pain relief, abdominal muscle activation, lumbar spine
stability, and performance [10]. Furthermore, the stability of the core area can help to improve dynamic balance, coordinate the upper and lower trunk muscles, and
reduce muscles’ damage and abnormalities [9]. Gupta et
al. examined the impact of an exercise intervention on
the strength and balance of people with DS [11]. Rahman et al. investigated the effect of a 6-week weight
training on the balance of people with DS. They reported
a significant increase in the static and dynamic balance in
the exercise group [12]. In addition, the results of other
surveys examining the role of exercise programs in the
balance of children with DS revealed that moving programs improved their balance [8, 13].
Moreover, applying new exercise approaches such as
Total Resistance exercises (TRX) has drawn the attention of health and fitness researchers. TRX is a new technique in which a rope is used for contraction and movement [14]. In comparison to conventional resistance
training, performing TRX exercises enables a person to
move at higher angels. Furthermore, the risk of injury in
resistance training with TRX is less, which is because of
muscle stimulation through body weight [14]. Therefore,
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the general public and professional athletes are practicing TRX to improve their muscular endurance, balance,
and postural control. Therefore, improving balance and
muscular endurance in daily activities and participating
in exercise programs is beneficial for people with DS.
Moreover, improving their capability to control and acquire motor skills during their critical age in which they
are trying to perform all their tasks by themselves is of
importance. They need to strengthen and improve these
movement indicators [2, 7]. Sports tools have been flourishing daily, and newer and more different approaches
have been introduced to the world, such as Swiss ball
and TRX. Such approaches help with fitness and are
portable, fun and straightforward. Using a modified type
of these methods could influence the improvement of
balance weaknesses and muscular endurance in people
with DS. Despite the proven benefits of exercise training
in people with DS, their presence in the stable environments of conventional resistance training is challenging.
Thus, it makes some of them unwilling to participate in
such activities [15].
Providing different training and recreational conditions, like TRX and Swiss ball training in a modified
environment could lead to greater motivation for them
to participate in sports and ultimately improve some of
their fitness factors. No survey has compared two different training methods with routine practices, like suspension exercises with TRX and non-suspension exercises
with Swiss ball on the balance performances and muscular endurance of people with DS. Therefore, the current study compared two methods of core suspension
stability training with TRX and non-suspension one with
Swiss ball upon static and dynamic balance and muscular endurance in males with DS.

2. Materials and Methods
The present quasi-experimental study was conducted in
a professional rehabilitation center in Qazvin City, Iran,
in 2018. The research design comprised three groups,
including two experimental groups of TRX and Swiss
ball and a control group without a training intervention.
Moreover, Pre-test and Post-test were conducted on all
groups. The study was approved by the Ethics Committee of Islamic Azad University, Karaj branch. The study
participants were 54 males with DS, aged 18-24 years.
Their Intelligence Quotient (IQ) ranged from 50-70
based on the Wechsler Intelligence Scale [16].
Moreover, they were selected by convenience purposive sampling method. The sample size was calculated

equal to 15 people in each group according to the primary variable of research using G*power software with
the test power of 90% and confidence interval of 95%;
however, this size increased to 20% (equal to 18 individuals per group), because of considering dropout. In total,
54 people completed the experimental procedure. The
inclusion criteria included no moderate or severe mental
retardation (IQ: <50), no muscular problems, like muscle atrophy, no deformities, and abnormalities affecting
research process, no participation in training exercises
in the past 6 months, no history of trunk and lower limb
injuries in the past year, no pain, no history of surgery in
the trunk and lower limb, and having healthy vision and
hearing with or without assistive devices [8, 17].
The exclusion criteria were not completing the consent
form, unwillingness to continue study at any point in the
research process, and is absent in more than three sessions of the training program. Initially, the study participants filled out a demographic and personal information
form. To match the individuals, their height and weight
were measured using a measuring tape and a digital
scale. Moreover, to select the dominant leg, the hit the
ball test was performed. Figure one shows the process of
research implementation.
After selecting the samples, the Pre-test was performed.
Then, the study subjects were randomly divided into
three groups, including TRX modified training, Swiss
ball modified training, and controls. Stork Balance Test
was used to assess static balance, in which the subject
stands with one foot on a flat surface and raises his/her
free leg to the ankle, and his/her hands are free on both
sides of body. The tester measures the maximum time
that the subject stands on feet, and stops when the subject places the free leg on the ground. This experiment is
repeated three times, and the best time is set as a record
for them. The validity of the Stork test was reported to be
87% in several tests [18, 19].
To evaluate dynamic balance, the Y Balance Test was
used in which three directions (anterior, posteromedial,
& posterolateral) were used to measure the subjects’ balance. The graded bars illustrate the angels of these three
directions, which are fixed in the lateral sections of the
plate in three directions; a marker is installed on each
bar. Before the test, the study subjects’ dominant leg
was determined; if it was the right foot, the experiment
should have been performed anticlockwise, while if it
was the left one, the experiment should have been performed clockwise. The subjects stood on their upper leg
on the three-way crossing plate, and until no mistake was
made (his foot did not move from the three-way crossing
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Initial evaluation for selecting samples (80 individuals)




Leaving the research
process (26
individuals)
Mismatch with the
inclusion criteria (23
individuals)
Unwillingness to
participate in research
(3 individuals)

Randomizing groups
(54 individuals)

Training group with Swiss ball (18 individuals)
Training group with TRX (18 individuals)

Failure to continue the research
process (no individuals)

Analysis of
measurements
(36 individuals)

Control group (18 individuals)

Failure to continue the research
process (no individuals)

Analysis of measurements
(18 individuals)

Figure 1. The diagram of the research process

plate, did not rely upon the leg, which made the access
or did not fall), they performed the accessing task with
their other leg. This task was performed in the direction
that the tester randomly determined to employ markers’
movement. Then, they returned to the normal position of
standing on two legs. The distances in which the subject
moved the marker was recorded as his balance score.
Each subject practiced every direction exercise for three
times. After the relevant mean value was calculated in
centimeters, it was multiplied in 100 and was considered
as a percentage of the foot length.
Modified Biering Sorensen test was used to measure
the endurance of the posterior trunk. McGill et al. documented its reliability equal to 93% [15]. Anterior trunk
flexor test with a reliability of 0.98 (reported by McGill
et al., 1999) was used to measure the endurance of an-
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terior stabilizer muscles of the trunk. The Side Bridge
Test (left and right) was used to measure the endurance
of the lateral stabilizer muscles of the trunk. In addition, its reliability has been reported as 95% by McGill
and associates. In performing all of the tests, time was
recorded. The total endurance of stabilizer muscles of
the trunk in all dimensions (posterior, anterior, & lateral) was used as a single unit [14].
The training group subjects conducted exercises under the supervision of a corrective exercise expert and
a physiotherapist for 8 weeks and three times per week
at the rehabilitation center. Adequate explanations for
performing training programs were provided to the individuals to ensure that they were able to understand and
execute the training programs correctly. Furthermore,
due to the nature of studies with exercise intervention,
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the study participants could not be blinded. The exercise
protocol included a 5-min warm-up using some games
and recreational practices to provide a happy environment and increasing the motivation for the next exercises. The training protocol for the Swiss ball group was
selected based on Jeffrey’s suggested training program.
This modified protocol consists of three levels, starting
with level one practice, and gradually progressing to level three exercises. Exercises of level one involve static
contractions in a stable position. Level two exercises
consist of stable movements in a dynamic environment.
Level three exercises comprise dynamic movements in
an unstable environment and resistance movements in
this environment (sit-ups on Swiss ball, back-extension
on Swiss ball, and raising the opposing hand and leg on
Swiss ball) [8, 20].
The training protocol for the TRX group comprised 4
practices, in the following order:
1. Put heel into the TRX grips, lift the pelvis the ground,
and hold this position for 10 seconds.
2. Put the ankle into the TRX bands and bend to one
side. In this position, the head, trunk, lower limb, and
foot are aligned in the same direction for 10 seconds.
3. Repeat exercise number 2 for the other side of body.
4. Put the ankles into the TRX bands; then, hold a prone
position in which the head, trunk, thigh, knee, and ankle
are aligned in the same direction (plank exercise).
The control group performed their daily activities during this period. Finally, the Post-test was performed.
In addition, descriptive statics were used to determine
central indices. The Kolmogorov-Smirnov test was applied to check the normality of the obtained data. Considering the normality of the data and the assumption of
the homogeneity of variances, Analysis of Covariance
(ANCOVA) was used to compare the groups’ Post-test

mean scores. All statistical analyses were performed by
SPSS at the significance level of 0.05.

3. Results
The study subjects’ characteristics (height, weight, &
age) along with their homogeneity assessment are demonstrated in Table 1.
The Pre-test-Post-test comparison results, including
static balance, dynamic balance, and muscle endurance
in two exercise and control groups, are illustrated in
Table 2.
The obtained results suggested that the Swiss ball and
TRX training groups had a significant increase in Posttest scores of all components, comprising static balance,
dynamic balance, and muscle endurance, compared to
the controls. Moreover, the effect size of this study was
considered as a significant effect (in the range of 0.430.66; based on the available range of this index, the effect size of η2 ≥ 0.06 is defined as the small effect size,
0.14 ≥η2≥ 0.06 is defined as the medium one, and 0.14
≥η2 is defined as large effect size) [21]. The post-doc test
results for identifying the location of differences indicated differences between the mean values of the training
group, and Swiss ball and control groups (P=0.0000), as
well as between the mean scores of the training group,
and TRX and control groups (P=0.000). Furthermore, a
significant statistical difference was observed between
two training groups (P=0.0000). A more considerable increase was achieved in the static balance variable in the
Swiss ball training group. Moreover, the increase was
higher in the dynamic balance and muscle endurance in
the TRX training group.

4. Discussion
The present study investigated the impact of core stabilization exercises with Swiss ball and TRX on the balance and muscle endurance abilities of people with DS.
The collected results revealed a significant improvement

Table 1. Demographic characteristics of the study subjects and their homogeneity assessment (Mean±SD)
Subject’s Characteristics

(n=18)

Test Statistics (F)

P

160±7.4

2.98

0.91

66±5.35

67.1±5.97

1.93

0.138

22.6±1.5

23.2±2.07

1.23

0.306

Swiss Ball Exercises

TRX Exercises

Control Group

Height (cm)

148.8±1.11

153.1±5.8

Weight (kg)

63.3±5.57

Age (year)

20.5.8±1.17
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Table 2. The ANCOVA results for comparing static balance, dynamic balance, and muscle endurance in three groups

Variable

Static balance

Dynamic balance

Muscular
endurance

Mean±SD

Group

Pre-test

Post-test

Swiss ball exercises

5.93±1.15

9.11±1.21

TRX exercises

5.60±1.29

7.75±1.66

Control

5.50±0.99

5.34±0.93

Swiss ball exercises

50.54±4.29

54.39±3.45

TRX exercises

52.79±4.19

58.43±4.18

Control

51.82±4.21

50.95±4.45

Swiss ball exercises

19.52±1.36

23.02±1.91

TRX exercises

19.46±1.24

26.73±2.54

Control

21.01±2.18

20.62±2.09

in the ability of static balance, dynamic balance, and
muscular endurance in the study subjects after attending
an 8-week training program with a Swiss ball and TRX,
in comparison with the controls. These results are in line
with the previous studies that have investigated the effectiveness of various exercise methods, like balance
exercises and postural stability, upon improving balance
and muscular endurance in people with mental disabilities, including DS [9, 11, 22].
Improvements in balance function and muscular endurance in people with DS may be due to complex sensorymotor changes after trying for adaptation and balance
maintenance in unbalanced conditions like being placed
on the Swiss ball or TRX. This is consistent with the
achievements of a study suggesting that exercises in
unbalancing conditions could significantly enhance the
sense of depth in individuals [23]. Previous researchers have argued that people with mental disabilities are
unable to detect different mechanical requirements in
unstable situations, indicating a deficiency in their proprioception system. Such problem could affect the ability to acquire sufficient information, responding to visual
stimuli and proprioception, and ultimately leading to reduced output balance and proper postural maintenance
[24, 25]. Therefore, the improved balance functions of
people with DS in the present study could be due to the
intense stimulation of the proprioception during exercising with Swiss ball and TRX.
Additionally, core stabilization exercises not only increase endurance nerve control in this area but also affect
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F

P

Effect Size

50.584

0.000

0.66

19.374

0.000

0.43

49.924

0.000

0.66

the body’s ability to maintain balance by controlling the
spine and trunk [26]. Furthermore, high importance of
the function of the central part of the body for maintaining the stability and producing power in all activities has
been proved [27]. Physiologically, core stability increases the strength, endurance, and efficient use of upper and
lower limbs’ muscles. Therefore, biomechanically, increasing the muscular endurance of the central part of the
body, and subsequently improving balance performance
can be considered as a principle in all daily activities and
exercises for people with mental disabilities [28].
Another obtained result was that more improvement
occurred in the static balance in the Swiss ball training
group as well as muscular endurance and dynamic balance in the TRX training group. Such variation appears
to be due to the nature of the exercises by the Swiss ball
and with TRX ropes [29]. Although using both exercises is naturally unstable, exercising with TRX has more
instability. Previous research studies have reported that
increasing instability in exercises leads to more neuromuscular involvement in target muscles; therefore, it can
enhance functional abilities, like dynamic balance or increase muscular endurance [29, 30]. Furthermore, in addition to neuromuscular adaptations, an essential factor
in improving dynamic balance more than static balance
has higher muscular strength, particularly in the lower
limbs. Thus, training with TRX could provide more improvements in the dynamic balance because of its unstable nature [31, 32].
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Overall, the training protocols used in the present study
were different from the previous investigations; because
they were based on the performance of modified central
stabilization exercises on the Swiss ball and TRX. However, it seemed that most protocols included conventional resistance approaches, which were accepted by people
with DS. Accordingly, all study participants expressed
their interest in participating in the program. Only the
investigations by Kubilay et al. [9] and Giagazoglou et
al. [15] were to some extent, similar to this study in terms
of using Swiss ball and Trampoline.
One of the main positive points of this study was that
for the first time, recreationally modified exercises were
used for people with DS. A limitation of this study was
the use of field tests to evaluate research variables. It is
suggested that further studies apply more accurate and
reliable tools, like the Biodex system or force plate.
Moreover, the present study only explored males with
DS. It is suggested to conduct similar studies on females
with DS. Moreover, the effectiveness of the proposed
protocols in this study on other health and fitness or even
mental factors in people with DS can be examined by
other researchers. Furthermore, the study results only included people with mild DS, and future research studies
can examine the effectiveness of training with Swiss ball
and TRX upon physical fitness of people with moderate
or severe DS or those with other mental disorders by adhering to all the health and safety principles.
By improving balance and muscular endurance abilities,
people with DS can benefit from core stability training protocols using a Swiss ball and TRX to enhance their physical
abilities and, ultimately, their quality of life.
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