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Design: Seven teenagers participating in the study were evaluated sequentially in postural
control before, during and after 2 years of karate training. Three adapted tests (Burpee,
Flamingo and Arm movement speed tests) were drawn up to analyze proprioception.
Results: We concluded that the incorporation of karate, in the sporting routine of young
people with Down syndrome, results in an improvement in their balance and general
coordination.
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Efectos beneficiosos del karate sobre la propiocepcion
y la coordinacion en jovenes con sindrome de Down: seguimiento de dos afios

Resumen

Objetivos: establecer el impacto de las artes marciales en el desarrollo de habilidades
motoras, especificamente sobre la propiocepcion, en jovenes afectados por sindrome de
Down.

Diseno: en este estudio participan 7 adolescentes en los que se evalla secuencialmente
el control postural antes, durante y después de 2 anos de entrenamiento de karate. Se
adaptaron tres pruebas (prueba de sentadillas, del flamenco y de velocidad del movi-
miento del brazo) para realizar un analisis de la propiocepcion.

Resultados: concluimos que la incorporacion del karate en la rutina deportiva de jovenes
afectados por sindrome de Down conlleva una mejora en su equilibrio y coordinacion
general.
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Introduction

Down syndrome (DS) is a trisomy in chromosome 21, show-
ing a widely-described phenotypical variability. With re-
spect to physical activity, it should not be considered as an
illness, but rather as a condition. People with DS can par-
ticipate in a diverse range of activities, provided that these
are undertaken in optimal health conditions and without
risk for the individual. From the physiological viewpoint,
they are different to subjects without disability in that they
present reduced levels of aerobic metabolism as well as low
maximum heart rate values. Additionally, they demonstrate
lower levels of strength. People with this pathology suffer a
pro-oxidative status which contributes to the own motor
and cognitive deficits, although this situation can be im-
proved through sport'.

Obesity and excess weight are prevalent among this
group. However, few studies have been carried out on the
effect participation in sporting activities has on the weight
of DS sufferers.

Physical activity and sport can benefit the physical and
motor capacity of these individuals, their general coordina-
tion and fine and gross motor skills, and can improve their
balance. Indirectly, these physical/sporting benefits can
contribute to an improvement in social wellbeing and an
enhancement in self-esteem, allowing integration into
sporting groups of people without disabilities.

No information is available in scientific literature about
the improvement in proprioception and coordination in
children with DS with martial art training. Sport, in general,
leads to improvement in proprioception, but no study has
been published until now which concentrates on martial
arts.

The objective of our study is to show that martial arts
can have beneficial effects on proprioception and coordina-
tion of upper and lower limbs in teenagers with DS.

Material and methods

All the participants had been diagnosed with DS and regu-
larly attend a centre which promotes integration and au-
tonomy located in the province of Cadiz (Spain). Among
other stimulatory and adaptative activities, they performed
martial arts, specifically two karate sessions a week. In
these sessions, the children with DS also practised combat
techniques (katas) amongst themselves. Throughout the du-
ration of the trial the training was directed by the same
instructor, a karate master with considerable experience in
teaching karate to both children and adults.

Ten teenagers, ranging in age from 14 to 18, took part in
the study. None of the participants suffered from any addi-
tional disease which would limit their postural control.
Three subjects did not finish the study for family reasons
unrelated to the training. All the parents or legal guardians
of the teenagers signed an informed consent form in which
the objectives and the methodology of the training were
explained, along with the details of the investigators and
the rights of the parents or legal guardians with respect to
the personal information and records obtained about their
sons or daughters.

The teenagers participating in the study were evaluated
sequentially in postural control before, during and after
2 years of training. Three tests were drawn up to analyze
proprioception. The tests chosen and adapted for the study
were the following:

A) Burpee or Squat Thrust Test: the participant must
carry out a repetitive exercise the most number of times
possible in one minute. The exercise consists of five posi-
tions, which should be executed correctly and in order,
without omitting any, to be considered valid. The positions
to be performed are the following: 7) standing position with
arms hanging down; 2) the bending of both legs; 3) with the
support of both hands on the floor, extending the legs, and
4) a further leg flexion and return to the initial position
(standing).

B) Flamingo Test, adapted for the special conditions of
these participants. For this test the participants had to
stand on only one leg, holding the opposite leg, which was
bent, with their hands. Initially it was carried out with the
right leg and subsequently with the left leg, and the time
that each subject was able to remain on only one leg was
measured.

C) Arm movement speed Test, consisting in placing two
plates 60 cm apart and timing the duration of 25 arm move-
ments from one plate to the other. Information was col-
lected for both upper limbs.

A template was designed to record the data, and was
transferred to a spread sheet (openoffice free software)
which facilitated the statistical analysis through the free
statistical package “R” (http://www.r-project.org).

Images and videos were taken, with the permission of the
parents or legal guardians, which enabled us to illustrate
the proprioception tests applied to the teenagers, as well
as the regular physical activity which they undertook during
the period of the study.

The repetition of different measurements in a group of
7 individuals was studied, such that the observations are
dependent on each other. As the number of participants was
small and independent the normality hypothesis could not
be guaranteed or tested, so a decision was taken to use
non-parametric tests. Hence the Friedman Test is used,
which allows us to compare multiple repeated measure-
ments of a test, and whose null hypothesis is the equal of
the different subpopulation distributions.

The study was carried out in accordance with the Decla-
ration of Helsinki of 1961 (revised in Edinburgh, 2000), and
was approved by the Ethics for Research Committee of the
Universidad de Cadiz.

Results

The results obtained from 7 individuals with DS, with an
average age of 16.3 (x1.73), were evaluated. The teenagers
improved their results in all the tests carried out to meas-
ure their proprioceptive abilities. There were five measure-
ments for each test, before, during and after the karate
training.

The participants improved in the Burpee test, showing an
average initial value of 7.86 repetitions (SD+3.85) before
the training, and an end value of 16.86 (SDx4.26). The
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Friedman test rejected the equality hypothesis with a p-
value of 0.00044. Comparing the initial result with the final
one, the equality hypothesis is rejected with a p-value of
0.0082 (fig. 1).

The participants also showed positive progress with re-
gard to the speed test, both with the left and the right
hands. The improvement in seconds with the left hand was
9.09 (SDx4.56), and with the right hand 9.19 (SD+3.19), thus
not displaying any significant differences in the improve-
ment in both arms. The Friedman test, with regard to the
speed of the left arm, rejects the equality hypothesis with a
p-value of 0.0011. Comparing the initial situation with the
final one, the equality hypothesis is rejected with a p-value
of 0.0082. Similarly the Friedman test rejected the equality
hypothesis in the right arm with a p-value of 0.00065. Com-
paring the initial situation with the final one, the equality
hypothesis was rejected with a p-value of 0.0082.

The patients improved the times obtained in the Flamin-
go test significantly in both legs (fig. 2). The average value
of the improvement at the beginning of the training in the
left leg (18.35+DS8.92) showed no significant differences
(p 0.254) from the right leg (13.52+5SD9.45). The Friedman
test rejected the equality hypothesis in the Flamingo test
carried out in both legs, obtaining a p-value in the left leg
of 0.0011 and of 0.01121 in the right. Comparing the initial
result with the value obtained after the karate training, the
equality hypothesis was rejected with a p-value of 0.0082 in
the left leg and 0.0082 in the right.

The first and last measurements in the improvement in
the results described were compared. However, we would
like to highlight the fact that we also detected a significant
improvement in the values obtained by the teenagers in the
combined comparison of all the measurements taken, which
were five in total.

Discussion

The maintaining of balance and the development of pro-
prioceptive abilities in people with DS are elements of psy-
chomotor development which have been extensively stud-
ied?. The acquisition of these abilities by means of sport
gives parents and teachers a very interesting tool, which
additionally enables these individuals to socialize more and
lead fuller lives.

Postural control requires two different processes, the
first being sensory collecting and organization, and the sec-
ond motor adjustments. Postural control seems to be well
established from 14 years of age?, although some authors
put it at 10 years of age*. This motor ability is limited in
patients with DS, specifically in the population which we
studied, teenagers and young people>*.

No studies have been carried out on karate as a tool
which facilitates the psychomotricity in patients with disa-
bilities. However, constant controlled leg and arm move-
ment is required to be able to execute the particular move-
ments of this sport. This is, therefore, the first study which
demonstrates the beneficial effect of karate on young peo-
ple with DS. We did find numerous publications which use
Tai Chi, another martial art, as a method for improving pos-
tural control, especially in elderly people’?.
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Figure 1 Burpee Test.
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Figure 2 Flamingo left leg.

We did not take into account the body mass index (BMI)
of the participants as a criterion for selection in the study,
dealing in principle with an activity which was open and
involved willingness for sporting inclusion. However, the
BMI can’t be considered as a potential factor of confusion
because no participant presented a pathology limited by
severe or morbid obesity.

The tests to evaluate balance and coordination had pre-
viously been standardized to determine the abilities which
interested us, but it was necessary to modify them for ad-
aptation to our patients. The Burpee test requires a good
control of posture, and allows evaluation of coordination.
This test was designed to measure aerobic resistance indi-
rectly, but it is characterized by requiring coordination and
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balance to enable the execution of the maximum number of
repetitions. The arm movement test evaluates the coordi-
nation of the individual. The Flamingo test has been widely
used to evaluate proprioceptive ability. Normally it is em-
ployed by holding each leg on a wooden board, counting the
number of falls of the same over a period of 60 seconds. It
was adapted in our case to check the time in seconds during
which they were able to maintain the hold. The patients
were barefoot to carry out the test, resting the foot di-
rectly on the ground. The lack of validation prior to the
adaptations carried out could be understood as a distortion
in the study. However, the progress in their execution is in
itself a reflection of the improvement in coordination and
balance in the teenagers studied.

Villaroya et al. compare the static proprioceptive capac-
ity in a group of adolescents affected by DS with a similar
group of individuals without DS. For this they use a pressure
platform and subject the patients to different situations of
opening/closing of the eyes, and foot support on stable/
less stable surfaces. They detect a significant reduction of
postural control in the group with DS. Similarly, they sug-
gest that there is a high dependency of somatosensory input
in the individuals affected by DS to maintain their balance®.
Jankowicz-Szymanska et al. study the impact of physical
exercise on the level of static balance in individuals of be-
tween 16 and 18 years of age with DS. The calculation of
the proprioceptive capacity was verified, in the same way
as the other authors, by means of the pressure platform. To
improve balance they designed a program which included
different somatosensory exercises which stimulated pro-
prioception. After 3 months of training, they concluded
that the trained group improved their static balance both
with their eyes open and with their eyes closed with respect
to the control group™. In contrast to ourselves, the authors
used a program specifically designed for improving balance.
In our case we consider that offering straightforward sport-
ing solutions, such as karate, improves the applicability of
clinical investigation in the daily routines of these patients.
In addition the cost of sporting equipment, which can be
very high, is reduced. Furthermore, the use of simple and
easy-to-use tests in the training room facilitates the evalu-
ation of the students.

Nevertheless new trials are necessary, using more sophis-
ticated equipment, which focus on the improvement in co-
ordination and proprioception after doing karate.

In conclusion we would like to underline that the incor-
poration of karate, and possibly of other martial art disci-
plines, in the sporting routine of people with DS results in
an improvement in their balance and general coordina-
tion.
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