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Abstract

Introduction: Visual information is very important in predicting
the speed of body segments and objects and providing balance, as
well as in the timing of psychomotor responses. The maintenance
of posture and balance is negatively affected by partial or total loss
of vision. The purpose of this study was to examine the effective-
ness of static and dynamic balance training on balance in children
with congenital blindness.

Methods: The study included 18 congenitally blind children, com-
prising 9 males and 9 females with a mean age of 10.94 + 1.89
years. All participants were attending a special primary/secondary
school for the blind. Balance functions were evaluated at baseline
and at the end of the training program using the Balance Subtests
of the Bruininks-Oseretsky Motor Proficiency Test Short Form (BOT-
2, SF), Timed Up and Go Test, the Functional Reach Test and the One
Legged Stance Test. The training program of static and dynamic
balance exercises was applied twice weekly for 8 weeks.

Results: A significant improvement was determined in all the bal-
ance tests after the training program (p<0.05).

Discussion and Conclusion: The results of this study demonstrated
that balance-specific static and dynamic exercises contribute to im-
provements in the balance of children with congenital blindness.
Therefore, balance exercises should be to rehabilitation programs
to improve the balance of children with congenital blindness.
Keywords: Children; congenital blindness; exercise; postural balance.

Balance is defined as the ability to maintain the center of
gravity of the body on the supporting surface and is con-
sidered within the concept of co-ordination. Co-ordination is
the ability to perform appropriate, smooth, controlled move-

Ozet

Amag: Gorsel bilgi, viicut segmentlerinin ve nesnelerin hizinin tah-
min edilmesinde ve psikomotor cevaplarin zamanlamasinin yani sira
dengenin saglanmasinda ¢cok dnemlidir. Kismi veya total gérme kaybi
nedeniyle postir ve denge tutumu olumsuz etkilenir. Bu ¢alismanin
amaci konjenital gérmeyen ¢ocuklarda statik ve dinamik denge egiti-
minin denge Uzerindeki etkisini incelemektir.

Gereg ve Yontem: Calismaya 18 konjenital gdérmeyen ¢ocuk (10.94 +
1.89 vil, 9 kiz, 9 erkek) dahil edildi. Tim katilimcilar gérme engellile-
re ozel bir ilkokul / ortaokula devam ediyorlardi. Denge fonksiyonlari,
egitim programinin baslangicinda ve sonunda degerlendirildi. Denge
fonksiyonlarini Bruininks-Oseretsky Motor Yeterlilik Testi Kisa Formu
(BOT-2, SF)'nun denge alt testi, Streli Kalk Yrt Testi, Fonksiyonel Uzan-
ma Testi ve Tek Ayak Uzerinde Durma Testi ile degerlendirildi. Katilim-
cilara 8 hafta boyunca haftada iki kez statik ve dinamik denge egzer-
sizleri iceren bir egitim programi uyguland.

Bulgular: Egitim programindan sonra tim denge testlerinin sonucla-
rinda gelisme goraldu (p<0,05).

Sonug: Calismamizin sonucunda konjenital gérmeyen cocuklarda
dengeye 6zgu statik ve dinamik egzersizlerin dengeyi gelistirmeye
katki sagladigr gortlmustar. Bu nedenle, konjenital gérmeyen cocuk-
larin dengesini gelistirmek icin rehabilitasyon programlarina denge
egzersizlerinin eklenmesi ve yayginlastirilmasi gerektigine inaniyoruz.
Anahtar Sozcikler: Cocuk; dogustan gdrmeyen; egzersiz; postural
denge.

ments."" Motor co-ordination is required for the use of fine
motor skills, the realization of professional activities involving
walking, running, jumping and most daily life activities. Co-
ordinated movements require proper alignment and timing
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of synergistic and reciprocal muscle activities associated with
good balance and posture function. Very complicated neuro-
muscular mechanisms are necessary for the maintenance of
balance during activities and to provide erect posture.?*

The visual, proprioceptive and vestibular systems must work
together to provide balance. The visual and somotosenso-
rial systems interact to control the stability and orientation
of the body segments. Visual information is very important
in predicting the velocity of body segments and objects and
in providing balance as well as in the timing of psychomotor
responses.>® Partial or total loss of vision has a negative effect
on the maintenance of posture and balance.”® Therefore, loss
of balance has been reported in many comparative studies of
healthy subjects with visually impaired subjects.”*-1”

Balance has two subsections of static and dynamic balance.
Static balance is defined as the ability to control postural
release during an inactive standing posture. To maintain
static balance, the center of gravity of the body must pass
through the second sacral vertebra level and remain on
the supporting surface. Dynamic balance is defined as the
ability to predict postural changes that occur during mo-
tion and to give appropriate responses to these changes.'®
The lack of, or an inadequate visual sense leads to problems
in achieving and preserving balance for people with visual
impairment. In visually impaired children and adolescents,
the impairment of postural control and poor balance cause
difficulties and a slowing down of walking speed.'®" Many
researchers have reported that visual impairment signifi-
cantly increases the risk of falls by causing gait problems,
impaired balance, and postural oscillations. Researchers
have emphasized the importance of physical exercise pro-
grams for the development of the balance function in peo-
ple with visual impairment.i>

A previous study examining balance training in visually im-
paired children and adolescents concluded that dynamic bal-
ance training improves dynamic balance.”" To the best of our
knowledge, there has been no previous study examining the
effectiveness of static and dynamic balance training in visually
impaired children and adolescents. The aim of this study was
to examine the effectiveness of static and dynamic balance
training on balance functions in visually impaired children.

Materials and Method

The study included 18 congenitally blind children, all of whom
were attending a special primary/secondary school for the
blind. The 18 congenitally blind children, comprising 9 males
and 9 females with a mean age of 10.94+1.89 years were ap-
plied with a balance training program and balance functions
were evaluated. The dominant foot was the right side in 17
(94.47%) children and left side in 1 (5.6%). The children in-
cluded in the study were those with congenital blindness
with no other neurological or orthopedic problems that could
affect balance, and who could understand the instructions
during the implementation of the exercises and tests. The di-

agnosis of congenital blindness of the participants was made
in a health report from the state hospital at the time of school
registration. All participants was in total blind (no light per-
ception) and early time visual loss.

This study was approved by the Clinical Research Ethics Com-
mittee of Pamukkale University Faculty of Medicine (decision
dated, 03/05/2016). All procedures were conducted according
to the principles of the Declaration of Helsinki. The study was
explained to the parents and school administrators. Written
informed consent was obtained from the parents or legal
guardian of each child.

The evaluations were made by the same physiotherapist be-
fore and after the training programme.

Outcome measures

1-Bruininks-Oseretsky Motor Proficiency Test Short Form
(BOT-2, SF)

The BOT-2, SF to measure the motor skills of children in the
4.5-21 years age range, was developed by Robert H. Bruininks.
22 This test battery is a tool used by educators, therapists, and
researchers to assess children's motor competence, evaluate
training programs, and to detect and evaluate various motor
skills disorders and developmental disabilities. The Balance
Sub-Tests of BOT-2 SF were used in this study. In the test, a
maximum of two trials are allowed. If the child could not reach
the highest score on the first attempt, he / she performed the
second test.

BOT - 2 Balance Subtests

Walking Forward on a Line: The child stands with hands on
hips and feet together, with the preferred foot on and paral-
lel to the line and is instructed to move forward. The test was
stopped when 6 steps were completed. Steps that did not
float out were scored in the evaluation. The highest score in
this test is 4.

Standing on One Leg on a Balance Beam: The child stands with
hands on hips with the preferred foot on the balance beam
and the non-preferred foot on the floor. The non-preferred leg
is raised behind with the knee bent at 90° and the shin parallel
to the floor, and looks at the target. The child must hold this
position for 10 seconds to reach the maximum score of 4.

2-Timed Up and Go Test

The child is instructed to get up from a chair, walk 3 meters at
normal speed and rhythm then turn around, walk back, and
sit down. The time of this process was recorded in seconds.®!

3-Functional Reach Test

Functional Reach Test is defined as the maximum distance
one can reach forward beyond arm’s length while maintaining
a fixed base of support in the standing position. It is a method
for testing dynamic standing balance.l'®

4-One Legged Stance Test

Barefoot, the child stands on one leg with the foot flat on the
floo and the other foot resting against the inside of the knee
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Table 1. The content of the exercise programs

IWarm Up (10 mins)
Light jog
Hops
Basic body (neck, arms, torso, legs, shoulder) rotations
Chest expansions
Arm circles
Static And Dynamic Exercises (30 mins)
Static Exercises
Standing on one foot (right-left separately)
Half-squat on single foot after double feet
Bounce on one foot
Finger-heel posture in a straight line
When one foot is over, the ball with the other foot is rounded
Toe-toe rises
Rise on heels
Standing on the balance board

Cool Down (5 mins)
Calf stretch
Quadriceps stretch
Shoulder stretch
Triceps stretch
Standing side stretch

Repetition
One set of 8-10 repetitions

Duration

45 mins in total

Frequency

Dynamic exercises
Front - backward walking on the floor and balance bar
Side walk on the floor
Cross walking on the floor and balance bar
Walking through the obstacle
Semi tandem-tandem march
Walking by eight strokes
Walking on fingertips and heels
Step up and down
Jumping in trampoline

2 days / week, supervised by physcal therapist in the gym of Primary / Secondary Blind School

8 weeks in total

of the leg he/she is standing on. The palms of the hands are
placed firmly on the thighs and the task is to hold this bal-
ance position for as long as possible. The time measurement is
stopped if the child moves the bent leg by separating it from
the standing leg or if the hands are moved from the thighs.
The time is measured in tenths of a second, until the position
was disrupted or the test was over. The test was performed
three times with short breaks in between.?%

Balance Training:

A training program of static and dynamic balance exercises
was applied in 2 sessions per week for 8 weeks to all 18 con-
genitally blind children in the study. The training was car-
ried out in the gymnasium of the Primary / Secondary Blind
School. Each training session lasted 45 minutes, starting with
a 10-minute warm-up program, followed by a basic exercise
training program consisting of 30 minutes static and dynamic
exercises, and ending with 5-min cooling down program of
stretching exercises. The exercises included in the training
program are listed below.

Static Exercises:

1-Standing on one foot (right-left separately) 2-Half-squat on
single foot after double feet, 3-Bounce on one foot, 4-Toe-heel
posture in a straight line, 5-When one foot is over, the ball
with the other foot is rounded, 6-Toe-toe rises, 7-Heel rises,
8-Standing on the balance board

Dynamic exercises:

1-Front - backward walking on the floor and balance bar,
2-Side walk on the floor, 3-Cross walking on the floor and bal-
ance bar, 4-Walking through an obstacle, 5-Semi tandem-tan-
dem march, 6-Walking by eight strokes, 7-Walking on finger-
tips and heels, 8-Step up and down, 9-Jumping on trampoline

All the exercises are shown in Table 1.

Statistical analysis

The data were analyzed using SPSS vn.16.0 statistics soft-
ware. Descriptive data were stated as average, standard de-
viation and percentage. The Wilcoxon signed-rank test was
used to determine the differences in before and after-treat-
ment scores. A value of p<0.05 was accepted as statistically
significant.
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Results

Participant demographics

The study included 9 female and 9 male children with a mean
age of 10.94+1.89 years (range, 7-13 years). The demographic
data of height, weight, and body mass index are shown in
Table 2.

Main analysis

The pre and post-training results of all the balance tests of the
18 congenitally blind children are shown in Table 3. A statisti-
cally significant improvement was determined in all the out-
come variables after the training (p<0.05).

Discussion

Balance is an essential component to be able to perform the
activities associated with walking in the context of walking-
related activities for visually impaired individuals.?> While
dynamic balance needs to be developed for activities such as
running and walking, static balance should be developed for
activities such as standing and sitting.”®! Although there are
many studies showing that balance functions are affected in
blind children, there are insufficient exercise approaches to
improving the balance functions of these children.”*-'1 The
aim of this study was to improve the balance functions of con-
genitally blind children. Therefore, a program of 2 sessions per
week static and dynamic balance training was applied to the
children for 8 weeks. After the training program the balance
functions of the congenitally blind children were determined
to have increased.

The importance of the degree of loss of visual acuity and / or
visual perception is emphasized in the maintenance of bal-
ance in visually impaired children. It has been reported that
blind children have a lower level of both dynamic and static
balance skills than children who have low vision and are
healthy.?”?®¥ Ribadi et al.®! reported that visual impairment
had a lower functional level when compared to both the dy-
namic and static balance of healthy, blind and low vision ado-
lescents in the 14-17 years age range. Leonard®! compared
the dynamic and static balances of 215 children with visual

Table 2. Demographic characteristics of study children

Variable Mean+SD
Age (years) 10.94+1.89
Height (cm) 141.62+11.94
Weight (kg) 36.27+10.93
BMI (kg/cm?) 17.87+3.22

SD: Standart deviation; BMI: Body mass index.

impairment and a healthy control group, aged 12-20 years
and found that the static balance functions of visually im-
paired children were worse than those of the healthy children
and while static balance was not affected by residual visual
perception, dynamic balance was affected. This demonstrated
that there may be poor static balance, even if there is residual
vision and it indicated that the exercise program to be used
in this study needed to include exercises that increase static
balance.

Previous studies have emphasized the importance of sight
in terms of the development of both static and dynamic
balance functions. Although there are studies showing that
both static and dynamic balance are affected by the degree
of vision loss, to the best of our knowledge, there is only one
study in literature related to the development of balance func-
tions.” In that study, a mixed group of low vision and blind
children performed exercises to improve dynamic balance
and dynamic balance functions were evaluated. In the cur-
rent study however, the training program consisted of both
static and dynamic balance exercises to improve both static
and dynamic balance functions for blind children, who are the
group most affected in terms of balance functions. Rutkowska
et al.B% reported that the balance function was affected in
visually impaired children. It was emphasized that the child's
age and residual vision are important in this effect and it was
stated that physical fitness should be increased in low vision
and blind children. Perrin et al.B" also reported that long-term
sporting activity, learning and training could improve dy-
namic and static postural control in daily life activities.

The harmonious and smooth movement of body parts is con-

Table 3. Pre and post intervention results for all outcome variables

Balance Tests Pre-training Post-training p*
MeanzSD Mean=SD

Walking Forward on a Line (0-4) 1.94+1.43 3.44+0.98 0.001
Standing on One Leg on a Balance Beam F (0-4) 1.61+£0.91 2.16+0.85 0.004
Balance Subtest Total Score 2.75%1.62 4.52+1.14 0.001
Timed Up and Go Test (sn) 10.79+2.55 7.90+1.88 0.000
Functional Reach Test (cm) 36.61+£7.07 45.06+8.20 0.000
One Legged Stance Test (Right) (sn) 5.50+6.09 13.87+16.86 0.000
One Legged Stance Test (Left) (sn) 3.58+2.80 8.97+8.35 0.000

*Wilcoxan Test; SD: Standart deviation.
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trolled by the somoto-sensorial and sensory motor systems.
Proprioceptive sense is the rhythmic organization of these sys-
tems and they work in co-operation with the vestibular system.
When there is no vision, proprioception allows you to perceive
the position of the joints and to maintain balance while stand-
ing.B? Visually impaired individuals use the somoto-sensorial
and vestibular system to compensate for visual impairments in
order to maintain balance. This system provides balance and
postural stability in their daily lives.>® Recent research has em-
phasized that certain physical activities develop propriocep-
tion in the joints and long-term training can develop propri-
oception in the knee and ankle.?* Jazi et al.?" stated that the
dynamic balance of visually impaired children was developed
by improving the proprioceptive and kinesthetic senses, espe-
cially those responsible for ensuring balance in the somoto-
sensorial system. It was also reported that the development
of the vestibular system could also improve direction finding
and orientation skills and that the balance training was also
positively affected by the vestibular system performance."

In the current study, specialized exercises were used, such as
maintaining balance on an unstable floor, different walking
methods and standing on one or both legs to stimulate the
proprioceptive system while using customized exercises such
as single-foot and double-foot splashing, bouncing and walk-
ing on different surfaces to stimulate the vestibular system.

As a result, the balance function improved significantly in this
group of congenitally blind children after an 8-week exercise
program of selected exercises to improve balance.

Balance is one of the important components of the motor
skills. Atasavun and Diige®®¥ compared the motor skills of low
vision, blind and healthy children of primary school age. There
were balance functions in the motor skills evaluated, and the
motor skills of the low vision children were reported to be bet-
ter than those of the blind and while the motor skills of the
healthy children developed, the visually impaired children
were left behind.B% An increase in balance ensures that the in-
dividual can perform daily life activities properly and in a con-
trolled manner. Increased independence in daily life activities
contributes positively to the development of self-confidence
in these children. Therefore, rehabilitation programs for blind
children can be considered to be currently lacking and physi-
cal exercise programs should be added and widely applied in
order to improve balance.

Limitations of study

The most important limitation of the study was the lack of a
control group. The number of children and adolescents meet-
ing our inclusion criteria was low. A control group that did not
receive training could not be included because we provide
training to all the students who are blind and meet the criteria.

Conclusions

In congenitally blind children, both static and dynamic bal-
ance functions should be developed. The exercise program

that was provided in this study to develop static and dynamic
balance was determined to have made a significant positive
improvement to the balance functions of congenitally blind
children.

Conflict of interest: The authors have no conflict of interests to
declare.
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