The effect of unstable-surface functional exercises on static balance
in adolescents with intellectual disability — a preliminary report
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Abstract

Introduction: Independent and safe mobility considerably affects social functioning and performing activities of daily liv-
ing (ADL). People with intellectual disabilities commonly have a reduced sense of balanced posture.

Aim of the research study: Examination static balance in adolescents with moderate intellectual disabilities under the in-
fluence of a 12-week programme of functional exercises on unstable surfaces.

Material and methods: Static balance was assessed on an Alfa stabilometric platform. A total of 34 adolescents, aged 1416 years,
were involved in the tests. They were divided into two groups: group one took part in a 12-week exercise programme, and group
two constituted a control group.

Results: A statistically significant difference (p < 0.05) between the scores of the experimental and control group was re-
vealed after the termination of the exercise programme, and it related to the Centre of Pressure (COP) surface area in the
balance assessment test with eyes closed. The suggested battery of exercises considerably (p < 0.05) affected the shortening
of the path length in the balance assessment test with eyes open. Those differences were not observed in the control group.
The experimental group boasted a statistically significant (p < 0.05) shortening of the path length and a smaller surface area
covered by the COP in exercises with eyes closed.

Conclusions: The suggested training programme improved static balance in intellectually disabled adolescents who took
part in regular exercise sessions.

Streszczenie

Wstep: Niezalezna i bezpieczna mobilno$¢ ma istotne znaczenie dla udziatu w zyciu spotecznym i codziennych aktywno-
Sciach. U oséb niepetnosprawnych intelektualnie czestym problemem jest zmniejszone poczucie zréwnowazonej postawy
ciata.

Cel pracy: Zbadanie jakosci réwnowagi statycznej mtodziezy z niepelnosprawnoscia intelektualng umiarkowanego stopnia
po przeprowadzeniu 12-tygodniowego programu ¢wiczen funkcjonalnych z wykorzystaniem powierzchni niestabilnych.
Materiat i metody: Jako$¢ réwnowagi oceniono przy uzyciu platformy stabilometrycznej Alfa AC International East (dystry-
butor P.H.U. Technomex). W badaniach uczestniczyto 34 dzieci w wieku 14-16 lat, ktére podzielono na dwie grupy: pierwsza
uczestniczyla w 12-tygodniowym programie ¢wiczen funkcjonalnych z wykorzystaniem powierzchni niestabilnych, nato-
miast druga stanowita grupe kontrolna.

Wyniki: Statystycznie istotng réznice (p < 0,05) pomiedzy wynikami oséb z grupy eksperymentalnej w poréwnaniu z gru-
pa kontrolna zaobserwowano po zakonczeniu programu ¢wiczen dla pola powierzchni w warunkach oczu zamknietych.
Zaproponowany program ¢wiczen znaczaco (p < 0,05) wptynat na zmniejszenie sie dtugosci $ciezki w badaniu réwnowagi
w warunkach oczu otwartych. R6znic tych nie zanotowano w grupie kontrolnej. Po wytaczeniu kontroli wzroku w badaniu
w grupie eksperymentalnej stwierdzono istotne statystycznie (p < 0,05) skrécenie sie dtugosci $ciezki oraz zmniejszenie sie
pola powierzchni zakre§lonego przez srodek nacisku.

Whioski: Zaproponowany program ¢wiczenn wptynal na poprawe réwnowagi statycznej mlodziezy niepelnosprawnej inte-
lektualnie uczestniczacej regularnie w zajeciach. Wyniki badan zachecaja do ich kontynuacji.
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Introduction

The primary objective of the human vestibular
system is to maintain a solid centre of gravity (COG)
under static conditions and in motion. Swaying of the
COG in different directions is controlled within its
base of support (BOS), located in the area where the
feet adhere to the surface. Keeping postural stability
is possible thanks to the cooperation of the organ of
vision, proprioceptors and the vestibular system [1].
Information flowing from those centres causes invol-
untary reactions of the musculoskeletal system of the
limbs and the trunk, correcting the position of the
COG and assuring stability of a standing posture or
enabling effective, aesthetic and economic ambula-
tion [2]. In the intellectually disabled, functional lim-
itations — expressed by worse body posture, gait and
performance in activities of daily living (ADL) — result
considerably from worse postural balance.

Aim of the research study

The pilot studies aimed to assess changes in stat-
ic balance in adolescents with moderate intellectual
disabilities (ID) under the influence of an original
12-week programme of unstable-surface functional
exercises.

Material and methods

A total of 34 adolescents with moderate mental
disabilities (aetiology other than genetic syndrome) —
students of the Group of Special Education Schools in
Krakow — were involved in the study. The participants’
average age bracket was 14-16 (15.06 +0.9) years, their
average body weight equalled 65.5 £13.1 kg and their
average body height was 163.3 £8.7 cm. All of them
willingly took part in the programme and obtained
their legal guardians’ informed consent in writing.

The authors of the study obtained written per-
missions from the school authorities and the Bioeth-
ics Committee at the District Medical Association in
Krakow to carry out the project. All procedures were
conducted according to the highest ethical standards.

Static balance was measured on an ALFA AC In-
ternational East stabilometric platform (distributed by
P.H.U. Technomex Sp. z.0.0). Participants were asked
to assume a comfortable, natural standing position
with their upper extremities hanging loosely along
their trunks and their feet placed hip-width apart in
the middle of the platform. The angular values of the
foot positioning of each participant were recorded in
the examination protocol because another measure-
ment was repeated in the same standing position. Stat-
ic balance was assessed by means of the Romberg test.
The computer analysis allowed us to obtain the fol-
lowing data: mean deviation of the center-of-pressure
(COP) on the X (COP deviation range in the maximum
likelihood (ML) direction) and on the Y axis (COP de-
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viation range in the AP direction) [cm], the length of

the path covered by the COP [cm] and the COP sur-

face area [cm?] covered on the platform.

All participants, prior to the measurements on
the platform, were randomly divided into two equal
groups. The adolescents from the experimental group
underwent a 12-week intervention programme of ex-
ercises on unstable surfaces. Those who did not per-
form any exercises constituted a control group. The
exercise sessions lasted 45 min each and were con-
ducted three times a week by the same therapists.

Examples of a battery of exercises included in the
programme:

* two feet standing on an air-cushion - balance test;

* standing on two air-cushions and alternate lifting
of the lower extremity bent at the knee joint;

e sitting on a stability ball and balancing the pelvis
with alternate hand reaching forward and diago-
nally to grasp a mug standing on a table;

* supported kneeling on two air-cushions with al-
ternate upper extremity reaching forward to touch
a balloon hanging in front of the participant;

* stepping on 10 air-cushions, placed 40 cm apart, to
get a book lying on a table and return it to the ther-
apist;

* sitting on a stability ball, lifting the lower extremity
and putting on and taking off footwear;

* sitting on a stability ball and assuming a standing
position; participants were asked to reach a shelf
with their upper extremity, take off a toy animal
and return to a sitting position;

* cross-legged sitting on an air-cushion, backs stra-
ight and palms on their knees; participants were
asked to bend forward and touch with their palms
the palms of the therapist and then return to the
initial position;

* lying on the back, the lower extremities bent at the
knees, feet placed on cushions; trunk turning to the
sides, moving a ball from one side to the other;

* four elastic tapes fixed across the room at a distance
of 1 m and at the alternate height of the participants’
knees and shoulders; the test involved getting to the
other side of the room across a surface covered with
soft mattresses, over the lowest and under the high-
est tapes;

* moving sideways over a bridge made of air-cush-
ions lying in two rows.

Another static balance test was carried out in both
groups after a lapse of 12 weeks of the training pro-
gramme. The same person made assessments using
the same devices, and the tests were conducted in the
presence of a teacher.

Statistical analysis

The arithmetic mean and the standard deviation
of separate variables were calculated. The signifi-
cance of differences in the values of variables between
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the groups before and after the intervention pro-
gramme of exercises were assessed by means of the
U Mann-Whitney test, if the variable distribution dif-
fered from normal (the Shapiro-Wilk test, a = 0.05) or
the t test for independent groups, if the distribution
was normal.

The significance of variable differences found in
both tests in the experimental and control group
were also analysed employing the Wilcoxon sequence
pair test for the variables whose distribution differed
from normal; the level of significance was accepted at
o = 0.05.

Results

The results of the static balance tests were statis-
tically analysed and are presented in Tables 1 and 2.

Prior to commencing exercises, there were no sta-
tistically significant differences noticed between both
groups as for the variables under analysis in the static
balance test performed with eyes open (Table 1). The
average results characterising both groups after the
lapse of 12 weeks differed to a greater extent from
those in the initial test; however, they were not of sta-
tistical significance.

A statistically significant difference (p < 0.05) relat-
ing to swaying of the COP in the anterior-posterior di-
rection (Y) was recorded before commencing the inter-
vention programme of exercises between both groups
when the tests were performed with eyes closed. The
control group had statistically better scores; howev-
er, those differences were not recorded after 12 weeks
of the intervention programme, at which time those

who performed exercises on unstable surfaces scored
better. A statistically significant difference (p < 0.05),
related to the COP surface area, between the results of
the participants who performed exercises with their
eyes closed and those who did not train, was observed
after the intervention programme. The average val-
ue of that variable was similar in both groups at the
beginning of observations, while after the lapse of
12 weeks of the intervention programme it distinctly
differed to the benefit of those who had trained.

Statistical analysis showed that the suggested in-
tervention programme considerably (p < 0.05) affect-
ed the shortening of the path length in the balance
test performed with eyes open (Table 2). Those differ-
ences were not recorded in the control group. After
progressing to eyes closed, the experimental group
presented statistically significant (p < 0.05) shorten-
ing of the path length and a decrease in the surface
area covered by the COP, while the control group did
not record statistically significant differences relating
to the variables under analysis. The group of adoles-
cents who underwent the original unstable-surface
intervention programme of exercises revealed a con-
siderable tendency to improve the level of all variables
under analysis.

Discussion

Nowadays, most parents of intellectually disabled
children do their best to provide them with a good
standard of living and developmental possibilities.
Disabled young people can attend various occupa-
tional therapy workshops and are taken care of by dif-

Table 1. Intergroup comparison at the beginning and at the end of observations

Variable Pre Post
Group E Group C Group E Group C
COP deviations range Xx+SD -0.76 £2.10 -0.84 £1.76 -0.29 +1.64 -0.82 +2.74
in ML direction (X) P 0.95 031
COP deviations range Xx+SD 0.88 £1.32 0.43 £1.21 0.74 +1.08 1.02 £1.05
Eyes in AP direction (Y) p 0.10 0.36
open x+SD 60.73 +40.35 76.14 +47.45 43.45 £30.3 63.91 £44.70
Path lenght
p 0.32 0.08
Xx+SD 24.25 +44.07 17.90 £23.06 8.63 £10.06 12.98 +22.17
Path area
p 0.37 0.38
COP deviations range x+SD -0.38 £1.77 —-0.95 £2.30 -0.13 £1.77 -0.78 £2.96
in ML direction (X) p 0.85 0.34
COP deviations range x+SD 1.18 £1.38 0.20 £1.18 0.76 £1.16 0.88 £1.43
Eyes in AP direction (Y) p 0.04* 0.79
closed X+SD 64.59 +41.7 72.17 +46.1 413429.69 6254 +43.11
Path lenght
p 0.51 0.09
x+SD 16.75 +17.80 22.95 +39.35 5.67 £7.37 21.05 +£39.82
Path area "
p 0.74 0.02

*Statistically significant differences
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Table 2. Intra-group comparison at the beginning and at the end of observations

Variable Group E Group C
Pre Post Pre Post
COP deviation range inthe _x+SD —-0.76 +2.10 —-0.29 +1.64 —0.84 +1.76 -0.82 £2.74
ML direction (X) p 0.12 0.85
COP deviation range in the AP _x £ SD 0.88 +1.32 0.74 +1.08 0.43 £1.21 1.02 +£1.05
Eyes direction (Y) p 0.87 0.10
open x = SD 60.73 +40.35 43.45 +30.3 76.14 +47.45  63.91 +44.70
Path lenght
p 0.01* 0.32
X+ SD 24.25 +44.07 8.63 +10.06 17.90 +23.06  12.98 +22.17
Path area
p 0.07 0.13
COP deviation range in the _x £ SD -0.38 +1.77 -0.13 +1.77 -0.95+2.30 -0.78 +2.96
ML direction (X) p 0.68 0.92
COP deviation range in the AP _X % SD 1.18 £1.38 0.76 £1.16 0.20 +£1.18 0.88 £1.43
Eyes direction (Y) p 0.37 0.05
closed Path lenght X+ SD 64.59 +41.7 41.3 +29.69 72.17 +46.1 62.54 +43.11
e p 0.03* 0.34
x = SD 16.75 +17.80 5.67 £7.37 22.95 +39.35  21.05 +39.82
Path area
p 0.03* 0.78

*Statistically significant differences

ferent institutions and organisations which support
their struggle against disabilities. Special education
schools play an extremely important role in prepar-
ing disabled young people for adult life, because they
spend most of their time in them.

Disorders to the locomotor system and limited
functional fitness, which accompany intellectual dis-
ability, make integration of intellectually disabled
youngsters with their peer circles more difficult. Such
limitations can also cause their emotional withdrawal,
which may result in further worsening of their men-
tal and physical development. Intellectually disabled
adolescents score worse in locomotor skills tests as
compared to their mentally and intellectually healthy
peers [3]. Commonly observed sedentary lifestyle and
aversion to physical effort [4] result in weight gain
[5, 6] and numerous disorders of the locomotor sys-
tem [7]. A worse postural balance, characteristic of in-
tellectually disabled individuals in comparison with
their fully fit peer population [8], limits their physical
fitness and exposes them to falls and musculoskeletal
injuries [9]. That is why it would be advisable to in-
troduce adequate exercise programmes in special ed-
ucation schools, which would help intellectually dis-
abled adolescents improve their fitness. Rehabilitation
methods are still developing and a number of them
place strong emphasis on functional training and
increasing performance in ADL. The authors of this
paper suggested functional exercises imitating dai-
ly routines, which could improve their performance
in changeable conditions of the outer environment.
Whilst carrying out such tasks, participants each time
focused on carrying out the task rather than keep-

ing balance. Concentration on improving functions
and accomplishing individual tasks on unstable sur-
faces stimulated the participants’ balance reactions.
According to Horst [10], “function can be defined as
a complex activity of the whole body, which aims to
accomplish a given task in specific environmental
conditions”. The intellectually disabled have distur-
bances to their deep-seated feeling and postural con-
trol in comparison with individuals with intellectual
norm. Implementation of unstable surfaces in our ex-
ercises, i.e. stability balls and air-cushions, aimed to
activate proprioceptive input. The shortening of the
path length in the experimental group in exercises
performed with eyes open in comparison with the
control group showed a static balance improvement.
Those results corresponded with the scores of the ad-
olescents with Down syndrome [11] in our previous
study, in which implementation of unstable surfaces
improved their static balance.

A statistically significant shortening of the path
length and a decrease in the COP surface area in ex-
ercises performed with eyes closed might also show
some postural control improvement. Slightly worse
scores recorded in exercises with eyes closed, as com-
pared to the ones performed with eyes open, might
imply greater concentration of participants on per-
forming tasks when the organ of sight was disabled
[12] or a greater fear of falling down [13]. There are
a number of reports documenting improvement in
static balance among the intellectually disabled fol-
lowing implementation of different intervention pro-
grammes. Participation of intellectually disabled
youngsters in a 10-week hippotherapy programme,
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consisting of 30-minute sessions twice a week, consid-
erably improved static balance and muscular strength
in their lower extremities [14]. Children with ID also
scored better in the speed, agility and static balance
tests after a special programme of swimming [15].
Other studies showed that compilation of balance ex-
ercises and those increasing muscular strength more
favourably affected reduction of body weight and im-
proved scores in motor tests in comparison with pro-
grammes based solely on general fitness exercises [16].

Bearing in mind that striving to improve the qual-
ity of life and self-dependence are the overriding ob-
jectives in the process of facilitating persons with ID,
one should motivate them to take part in adequate
intervention programmes. The battery of successfully
completed functional exercises, consisting in accom-
plishing a given task, additionally stimulated partici-
pants to do exercises anew.

Conclusions

The battery of our original, unstable-surface exer-
cises improved static balance in adolescents with ID
who regularly took part in exercise sessions. The re-
sults of our tests encourage us to continue research and
implement functional exercises on unstable surfaces in
a programme of facilitating young people with ID.
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