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Abstract: Background. Children with Down syndrome (DS) demonstrate vestibular, sensory, motor and perceptual
impairments which manifests as decreased levels of balance, strength, and motor coordination. Together these issues may
decrease functional ability leading to more sedentary lifestyles. Use of vestibular stimulation therapy has been attempted to
assist in improving motor control and balance in this population. Objective. The objective of this study was to determine the
effect of a vestibular stimulation exercise program on balance, coordination and agility in children with DS. Methods.
Seventeen children with DS were recruited from two summer enrichment programs and were divided into two groups based on
age (group 1: 9.9 yrs £2.8; group 2: 18.4 yrs. £1.7). Assessments were completed using BOT2 subtests for balance, bilateral
and upper limb coordination, and agility prior to and after six weeks of twice weekly vestibular stimulation exercises. Results.
Both groups showed improvement in upper limb coordination and agility, while group 2 demonstrated improvement in one of
the balance subtests. Conclusion. These results suggest a vestibular stimulation exercise program could increase balance and

agility in children with DS and possibly assist in increasing their functional ability.
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1. Introduction

Down syndrome (DS) is a genetic disorder which includes
a full or partial copy of chromosome 21 [1]. It occurs with
equal frequency in people of different nationalities, social
backgrounds, and economic classes, averaging 1 in about
every 600 births worldwide [1, 2]. Children with DS have a
number of motor characteristics such as hypotonicity, joint
hypermobility, decrease in deep tendon reflexes, and a delay
in developing reaction timing and equilibrium reactions,
which could cause a delay in achieving developmental stages
[3-5]. These children often demonstrate decreased levels of
balance and motor coordination, as well as sensory
integration and vestibular deficits [6].

The vestibular system plays a major role in early motor
behavior [5, 7] with the primary functions of maintaining
balance, posture and equilibrium by monitoring motion of the
head, and stabilizing the eyes relative to the environment [8].
Vestibular malformations are common in children with DS

[9, 10]. Individuals with vestibular disorders have difficulty
maintaining equilibrium leading to decreased postural control
and poor balance while making it difficult to select an
accurate source of sensory information leading to sensory
integration dysfunction.

Sensory integration is the ability of the central nervous
system to gather information such as movement, touch,
vision and hearing, put them together with prior information,
memories, and knowledge to make an appropriate response
to one’s environment. Sensory integration dysfunction
creates difficulties with balance and positional awareness.
Vestibular malformations may cause children with DS have
sensory integration dysfunction [5] which could decrease
their functional abilities.

When sensory integration and vestibular deficits exist,
clinicians have attempted to facilitate normal motor
development through a variety of techniques including
sensory integrative therapy and vestibular stimulation
therapy. Vestibular rehabilitation, which encompasses both
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sensory integrative and vestibular stimulation therapies,
refers to utilizing exercises such as repositioning techniques,
and exercises to improve muscle force and balance [11].
Studies have shown that stimulating the vestibular system of
individuals who have vestibular dysfunction have resulted in
improved motor control and balance [5, 7].

Minds-in-Motion (MiM) is a developmental program with
the goal of improving children’s visual processing and motor
skills [12, 13]. The premise of MiM is that there is a link
between early afferent neural stimulation and cognitive
abilities [14]. Specifically, movement activities that stimulate
the vestibular system can have an impact on children’s
academic and physical domains [14]. Although implemented
in several schools, MiM has never been investigated in the
DS population. Therefore, the purpose of this study was to
determine the effect of the MiM vestibular stimulation
exercise program on balance, upper limb coordination, bi-
lateral coordination, and agility in children with DS.

2. Methods

2.1. Participants

A convenience sample was recruited from two summer
enrichment programs designed specifically for individuals
with DS. The first program was specific for children 5-14
years of age while the second program encompassed ages 15-
20 years. Nine children (6 male, 4 female) participated in the
younger age group (group 1) and eight children (4 male, 4
female) participated from the older age group (group 2).
Inclusion criteria were 1) ability to walk independently, 2)
ability to follow simple directions, and 3) attendance at the
summer program on days and times when the intervention
occurred. Parents/guardians attended an informational
meeting and then signed informed consents and children
signed assent forms. The University Institutional Review
Board approved this study.

2.2. Testing

Physical testing took place in areas away from the main
program activities to minimize distraction. Physical
assessments for group 1 took place in a recreation room,
which had a large open area at the front. Group 2 assessments
took place in a gymnasium.

The primary investigator escorted all participants to the
testing area to assist in establishing a level of comfort with
participants. All physical assessments conducted were subtests
within the Bruininks Oseretsky Test of Motor Proficiency
(BOT?2) [15] which has been shown to be a reliable and valid
measure of fine and gross motor skills and motor proficiency
in the DS population [16, 17, 18]. The subtests utilized were
balance, bilateral coordination, upperlimb coordination, and
agility. Items in the balance subtest were walking forward on a
line and standing on one leg (eyes open and eyes closed). Item
for bilateral coordination was touching nose with index
fingers-eyes closed. Upper limb coordination subtest utilized
dropping and catching a ball and catching a tossed ball.

Stepping sideways over a balance beam was assessed agility.
The primary investigator conducted all assessments, in the
same order for each participant. Participants completed two
trials for each test with the highest score being utilized for data
analysis [15].

2.3. Intervention

An exercise circuit, or maze, was developed to provide
vestibular stimulation exercises in a fun atmosphere [14].
The maze approach included 15 activities that involved skill-
related components such as balance and coordination as well
as health-related components such as muscular strength and
endurance, flexibility, and cardiovascular endurance [13].
Each station was set up in the same order, in the same place
each day and participants performed one set at each station
per session. Two 10 minute sessions were completed twice
per week for 6 weeks. Participants went through the stations
individually to minimize distractions. Exercises included in
the maze per MiM protocol [14] were as follows:

Strong Arm Push: Participants stood facing a wall, one
foot ahead of the other, arms stretched forward with palms
pressed flat on the wall at shoulder height. Participants
pushed the wall with as much force as possible for 10
seconds. The verbal cue was “push the wall down”.

Eye Can Convergence: A 5 feet length of string was held
at the children’s eye level, between the investigator and the
participant, parallel to the floor. Three 1'% inch foam balls of
varying colors were attached evenly spaced along the string.
While holding the string participants cue was to “focus on
each ball one at a time for a count of ten”.

Eye to Eye: Participants stood 14 inches in front of the
investigator and followed the top of a pencil with their eyes,
without moving their head. The pencil was moved in two
horizontal motions, two vertical motions, two circles
clockwise, two circles counterclockwise, two horizontal
movements, and ended with the pencil moving towards the
participant’s nose twice.

The Beam Team: Participants walked along a 2 2 in. X 5
in. X 10 ft. foam balance beam with arms extended out to the
side. Participants cue was to focus on a specific point in front
of them.

Jelly Roll: Participants lay on a 4 ft. x 8 ft. tumbling mat
with legs straight and arms stretched above the head, then
rolled the length of the mat keeping the body straight.

Puppy Dog Crawl: Participants kneeled on a 4 ft. x 8 ft.
tumbling mat with palms flat on the floor. The instruction
was to crawl across the mat, moving the opposite arm with
the opposite leg.

Monster Mash: Six 9 in. circular pads were placed on the
floor in a straight line touching each other. Participants
stomped one foot at a time with as much force as possible on
each circle.

Climb Every Mountain: Participants stepped over 3 plastic
hurdles set at heights of 6 in., 8 in., and 10 in. leading with
their preferred foot and placing both feet on the ground
before starting the next hurdle.

Balance Board Bash: Participants placed their feet equal
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distance from the center of a balance board and maintained
the board in a horizontal position as long as possible.

Electric Slide: Participants stood with their body facing,
but not touching, a wall. Without turning their head or body
the participants moved sideways along the length of the wall
by taking a side step with the lead foot, sliding the following
foot along until it touches the lead foot.

Skip to My Lou: Participants skipped across the room,
swinging their arms laterally across the body in an
exaggerated fashion raising knees as high as possible.

Cross Walk: Participants walked across the room lifting knees
high while touching alternating knees with opposite elbows.

Bean Bag Boogie: Participants tossed a bean bag in the air
and caught it while walking in a straight line across the room.
Participants were cued to “follow the bean bag with your
eyes”.

Jumping Jack Flash: Participants stood behind a line and
jumped over a second line placed 3 ft. away, taking off and
landing on both feet.

Step Back: Participants walked backwards up 3 stairs, then
forward down 3 stairs, then backwards up 3 stairs looking
straight ahead. The investigator was positioned directly in
front of participants for safety.

3. Results

Nine individuals from group 1 (5-14 yrs.) and 8§
individuals from group 2 (15-20 yrs.) participated in the

study. (Table 1). Twelve sessions were available to group 1
with 100% attendance. Group 2 had a total of 11 sessions
available after one session was canceled due to a schedule
conflict. Group attendance was 97.7%, with 1 participant
missing 2 sessions due to a family vacation

Table 1. Demographic information by age group.

Characteristic Group 1 (n=10) Group 2 (n=9)
Gender M=6, F=4 M=4, F=4

Age (years) 9.9 (5-14) 18.4 (15-20)
Weight (kg) 34.8 (24.1-49.6) 67.4 (45.3-110.5)
Height (cm) 133.4 (101.6-162.6) 159.1 (142.2-165.1)

Statistical analysis was completed on SPSS v.21.0 (IBM,
Inc., Chicago, IL) using a within subjects paired samples t-
test to determine differences in pre- and post-test scores.

3.1. Group 1

Table 2 lists results and statistical analysis. There was no
significant change in overall balance. Individual tests within
the balance category were all non-significant.

Bilateral coordination did not achieve
significance.

Overall upper limb coordination improved significantly.
Catching the Ball with Both Hands, showed significant
improvement while, Catching a Dropped Ball, did not.

Agility showed significant improvement.

statistical

Table 2. Group 1 pre-test and post-test scores for BOT2 subtests in balance, bilateral coordination, upper limb coordination and speed and agility.

Test Pre (pts) Post (pts) p-value Effect size (r)
Balance 5.78 6.78 0.282 0.378
WEFL 2.67 3.11 0.347 0.111
SLS-EO 1.11 1.44 0.397 0.301
SL-EC 2.00 2.22 0.719 0.130
Bilateral Coordination
TN-EC 2.89 3.00 0.347 0.111
Upper Limb Coord. 3.56 6.56 0.024* 0.701
CTB-BH 1.89 3.22 0.017* 0.756
CDB-BH 1.67 3.33 0.319 0.620
Agility
SSBB 3.78 5.00 0.001* 0.889
*Denotes statistical significance.
3.2. Group 2 improvement.
. o Bi-lateral coordination revealed no significant changes.
Table 3 lists results and statistical. Overall balance The upper limb coordination showed significant

revealed no significant changes. There were no significant
differences for the tests within the balance category for
Standing on One Leg — Eyes Open or Standing with Feet
Apart on a Line- Eyes Closed; however, the test Walking
Forward on a Line showed statistically significant

improvement. Catching a Tossed Ball with Both Hands
showed significant improvement while Catching a Dropped
Ball did not.

Agility test showed significant improvement.

Table 3. Group 2 pre-test and post-test scores for BOT2 subtests in balance, bilateral coordination, upper limb coordination and speed and agility.

Test Pre (pts) Post (pts) p-value Effect size (r)
Balance 5.50 7.50 0.180 0.756
WFL 225 3.25 0.007* 0.817
SLS-EO 1.63 1.75 0.598 0.204
SL-EC 1.63 2.50 0.111 0.568

Bilateral Coordination
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Test Pre (pts) Post (pts) p-value Effect size (r)
TN-EC 2.25 2.75 0.104 0.577

Upper Limb Coord. 4.75 6.25 0.009* 0.802
CTB-BH 2.50 3.50 0.007* 0.817
CDB-BH 2.25 2.75 0.170 0.511

Agility

SSBB 3.25 5.00 0.001* 0.904

*Denotes statistical significance.

4. Discussion

This study determined the effect of a vestibular stimulation
exercise program on balance, upper limb coordination, bi-
lateral coordination, and agility on children with DS. Results
of this study indicate vestibular stimulation exercises can
have a positive effect on balance, upper limb coordination
and agility in both age groups, and balance in older children.

Studies of vestibular stimulation on individuals with Down
syndrome are few. Early studies [19, 20] determined
vestibular stimulation training had a positive effect on motor
skills of children with DS. More recently, 3 groups of
children with DS received either sensory integrative therapy,
vestibular stimulation in addition to sensory integrative
therapy, or neurodevelopmental therapy [5]. Results indicated
the vestibular stimulation group improved in fine motor
skills, reflex development and gravitational insecurity [5].
The results of the current study are in agreement with the
previous study in that reflex development and gravitational
insecurity align with agility and balance.

While overall balance did not improve in either group.
Two measures of static balance, single leg stance in eyes
open and eyes closed positions, also did not change.
Individuals with DS tend to have greater sway while in static
positions and it was felt the current study period was not long
enough to elicit a change in sway. Walking on a Line is an
indicator of dynamic balance, which can be improved by
changing adaptation strategies. The older participants may
have been able to create adaptations, which allowed greater
dynamic balance. In a previous study it was hypothesized the
lack of overall balance improvement was due to the median
score before high and leaving little room for improvement
[17]. In this study the scores for all three balance subtests
were very close to the maximum attainable indicating the
ceiling effect may have been an issue.

Bi-lateral coordination is when both sides of the body work
together in a coordinated fashion and is utilized in basic motor
skills, such as walking and reaching to pick up objects. This
study indicated no change in bi-lateral coordination. This may
be due to only one measurement, which required participants
to have their eyes closed. No maze exercises were performed
with eyes closed so there was no specificity of training. This is
in agreement with Wang, Chiang, Su and Wang [21] who did
not find changes in bi-lateral coordination when the Wii was
utilized as a treatment modality. Several exercises in the maze
required visual-spatial skills; knowing the position of objects
in space, which could improve bilateral coordination. It may be
that poor motor planning activities are limiting this parameter

and may require serial activities, such as nesting cups, in order
to improve.

Upper limb coordination is necessary to coordinate arm
and hand movements with visual tracking. Few studies have
looked specifically at upper limb coordination. One study
saw significant change in upper limb coordination after use
of a Wii 3 times per week for 8 weeks [21]. In another study,
motor outcomes in a child with DS after playing a Wii also
found upper limb coordination was improved [23]. This was
attributed to the precision of arm movements and timing
required during Wii games. The exercise “bean bag boogie”
used the same movements as the assessment “Catching a
tossed ball — both hands”. The use of comparable motions
provided more practice and may be indicative of a need for
increased numbers of repetitions to improve motor skills in
children with DS.

Agility is the ability to change directions efficiently and
requires the integration of motor skills such as balance,
strength, and reaction time. It is indicative of an individuals’
ability to react to their environment. Both groups showed
significant improvement in agility. This is in agreement with
study that saw significant improvement in agility in children
with DS following a 6 week intervention of 20 minutes of
exercise through use of a Wii with [24]. Wuang et al., (2011)
[20] showed improved agility performance in children with
intellectual disabilities after 6 months of sensorimotor training.

Small sample size may have decreased our ability to detect
small, but consistent changes in some parameters. The
intervention was provided for the entire 6 week programs. Other
studies have shown improvement in motor skills in six weeks
with interventions provided a minimum of 3 times per week [5,
17] or if interventions were administered twice per week for
longer time periods [24]. A similar study conducted during a
school year in a physical education class could possibly allow
for a larger sample size as well as a control group.

Vestibular stimulations has been successfully used to
improve  physical functioning of children  with
myelomeningocele [25], Williams syndrome [26], and
cerebral palsy [27]. The possibility of vestibular stimulation
therapy improving motor functioning of children with DS
should be explored further in studies with larger numbers of
participants with longer intervention times.

5. Discussion

The results of this study are in agreement with the small
number of previous studies utilizing various methods of
vestibular stimulation to improve motor functioning of
children with DS. Children with DS tend to lack motivation
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and may lose attention easily. The MiM maze exercises are
fun and the variety assists in keeping participants attention
focused on their body movement. This “fun” element may be

a key to

increasing motivation during activities and

maximizing the therapeutic effect of the program.
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