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INTRODUCTION

The age-related structure of the human population h
changed world-wide during the last decades as t
consequence of alterations in both reproducibility
mortality. A lower birth rate and an increased
expectancy result in an increase of the
population, in absolute and relative numbers (1
A person is considered old at an age of more
years, although more modern concepts di

years) (34). Recent demographic data i
of the European population to be 65/0r older, as the
result of a 10% increase of the group aged 65-79 years
and also of a 35% increase of the group older than 80
years between 1998 and 2008. For the year 2060, it is

oreseen that the elderly will represent 30% of the total
European population (8).

Although aging should not be considered a
pathological process, it results in a progressive
reduction of the functional capacities of every person.
Although this process may occur differently among
individuals (7), it cannot be avoided, and the challenge
is to maintain an active and healthy lifestyle as long as
possible. The benefits of physical activity and
conversely the disadvantages of an inactive lifestyle
for the older population, with its physical,
psychological, and social factors, have recently been
highlighted in a review paper (28).

The functional alterations that come with aging are
multifarious. In the context of this study, the
components of the locomotor system are of special
interest; elderly people experience an eventual
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decrease in muscle mass and strength, in bone mineral
density, and in their coordinative capacities due to
modifications within the nervous system (9, 27, 29).
Coordination, in particular with regard to its
contribution to the maintenance of corporal
and equilibrium, is based on the functionality
optical, kinaesthetic, tactile, and static-dynamic
sensors, but also on a sufficient functional capacity of
the muscular system. Ceasing of corporal stabili
advancing age depends on the inabjli
to respond to external or in
reduced muscle stren , and on impgired
proprioceptive infor on (37). As a functional re
the capacity to maintain corporal stability and postu
control eventually starts to deteriorate from the six
decade of life (13).

Accordingly, modifications can be observed in the
pattern of locomotion in elderly people, characterized
by difficulties in coordinating the movement of the leg
during the initial phase of a step with the anticipating
transfer of the body weight (25). This results in altered
gait patterns, with prolonged phases of bipedal
support, higher step frequency, and shorter step width
(30, 38). A reduced strength and flexibility of the
peripelvic muscles should at least in part be held
responsible for these alterations in gait pattern (19):
Coordinative impairments and the altered gait pattern
in the elderly result in an elevated incidence of falls;
about 30% of subjects aged >65 have the risk for a fall
at least once a year (36), because when stumbling,
their functional capacities are no longer sufficient to
recover, and they might fall (31). Falls include a great
risk for fractures in elderly people, because
osteoporosis is a common pathology, especially
among women, whose bone mass may be reduced by
30% at the age of 70 years (29). Hip fractures are the
most frequent ones and often require prolonged phases
of hospitalization. Survivors of a hip fracture have a
life expectancy reduction of 10-15% (20). Falling an
experiencing a fracture is a traumatizing event for t
elderly, leading to post-fall anxiety syndrome (
with the overall result of a reduced quality of life (
The development of measures to avoid falls s
therefore be desirable. There appears to exist
effect relationship; i.e., the more frequently
exercises, the less the risk of falling (40
sufficient function of the muscular
considered a prerequisite for corporal stability, Skelton
(41) analyzed the effects of various exercise programs
on postural stability; he considered aerobic and
flexibility exercise less effective than strengthening
and coordinative exercise. In a recent review article,
Mann et al. (26) described a stunning increase of
studies dealing with preventive programs against falls
in elderly subjects over the last 15 years. His meta-
analysis revealed that most exercise programs offer
little specificity, using very common exercises or

1 (33), on a

Pilates and Body Balance

training in daily life activities. Within the analyzed
period, he did not find any systematic study that used
the Pilates Method to improve body balance in the
elderly (26).

The Pilates Method is composed of a collection of
functional exercises and movements, initially using
only the person’s own body weight and later extended
with the aid of some equipment (39). This method is
i rating the individual into his or
in daily life, involves the

32). Special emphasis is given to the
denoting the abdominal and peripelvic muscles, which
are especially responsible for postural control and
corporal stability. Pilates exercises appear to have a
reat potential to improve various motor abilities, and
ere is @ common consensus that the Pilates Method
effective in improving body stability and balance
, 18). Since the Pilates Method does not offer any
of lesions due to the mild character of the
ises (22), it should be the ideal method to be
ed to elderly people within preventive programs
st falls.

bjective of the present study was to analyze the
s of a 10-week Pilates exercise program on body
e in a group of young elderly people, in
rison to the effects of an unspecific exercise
m.

ERIAL AND METHODS

jects

ially, the study comprised 40 subjects with a mean
of 69.6+£3.0 years (range 65-74), among which
ere 21 women and 19 men; all of them were
unctionally autonomous. They were part of a larger
group that gathered once a week to participate in a
program with unspecific physical activity of low
intensity without specific objectives for at least three
months. The participants of the study were selected
according to inclusion and exclusion criteria:
willingness to do physical exercise twice a week with
regular attendance (at least 80%), age between 65 and
74 years, not practicing any other type of sports or
physical therapy, absence of fall history with fractures,
age-related good health status with absence of
pathologies in the locomotor, cardiovascular, and
nervous system, and no surgical treatment during the
last year; all participants had to present a medical
attestation about their physical activity readiness for
inactive older adults (5). After explanation of the aims
and the methods of the study, they signed an informed
consent. The study was planned and conducted in
accordance with the Helsinki Declaration of Human
Rights and with the ethical standards in sport and
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Table 1. Characteristics of the groups.

Men/Women Age BMI Attendance %
Control Group 10/10 ‘69 TJ+2.9 25.6+1.2 89.3+5.7
Pilates Group 9/10 69.6+3.1 25.5+1.3 90.0+4.7

exercise science research (11).

Study design

Using an inter-group semi-experimental design w
one-factorial measurements before and after t
intervention, two groups were formed, a Pilates grou
(PG) and a control group (CG), to assess the effects of
Pilates exercises or unspecific physical activity on
body balance. Body balance was tested in both groups
before and after the intervention with the balance test
(“Gleichgewichtstest” — GGT) developed by Bos and
Wydra (4). The participants of the study were pooled
according to sex and were randomly assigned to the
CG or PG, respectively, to have men and women
equally distributed in both groups.

Exercise programs

The control group continued participating in the
program as before, but twice a week for one hour over
10 weeks. The unspecific program included flexibility,
strengthening, and aerobic exercises of low intensity
and short sport games; all sessions were supervised by
a physical education teacher. The Pilates group
received a specific program of various Pilates
exercises without further equipment twice a week for
one hour over a total of 10 weeks. The exercises were
done in supine or standing position, were easy to
perform in the correct manner, and were aimed at th
muscles stabilizing the trunk and the pelvic girdl
some of the exercises in standing position a
challenged body balance in correct execution.
specifically, the exercises were, according to
inherent nomenclature, Back lift, Bridge, Dou

Side leg stretch. All exercises or movements were
done with the required rhythm of inspiration and
expiration, with about 10 repetitions before the next
exercise commenced. The Pilates exercises were
supervised by a physical education teacher who was
also a certified Pilates instructor.
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The balance test (“Gleichgewicht: — GGT) by Bos
and Wydra (4) is composed of 14 items,half of which
are directed toward static balance, the other half
toward dynamic balance. Interoceptive and/or
exteroceptive regulation is required in each single
item, apart from general proprioceptive information
quired by the muscles to maintain body balance.
ery item has a distinct level of difficulty, and the
saare arranged in the order of increasing difficulty
. The evaluation of the test items is dichotomous
ot succeeded, l=succeeded), resulting in a
um score of 14 points. According to Bos (3),
st is appropriate for all ages from 18 to 80 years
as a good objectivity, validity, and reliability.
tables to judge body balance classified from
eak to very good exist for populations of both
for the fourth, fifth, and sixth decades of life (3,
1 tests were supervised and evaluated by an
ienced physical education expert who had not
actively involved in the exercise program. The
g was done the week before the exercise
rams began and during the week after the
rams ended.

atistical Analysis

11 obtained data were treated using SPSS (v.18) and
expressed as means with standard deviations.
Normality of distribution was verified using the
Kolmogorov-Smirnov test with an alpha of 10% after
Lillefors correction. For normally distributed data
(which was always present), intra- and intergroup
differences for the results obtained before and after the
intervention were calculated using two-factorial
ANOVA with a Bonferroni post-hoc test; the level of
significance was set at p<0.05.

RESULTS

All participants, except for one who dropped out due
to a car accident, completed their exercise programs
without any unwanted side effects like injuries. The
two groups (CG n=20, PG n=19) were similar and did
not differ with respect to sex distribution, age, and
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Table 2. GGT scores for the Control and Pilates
groups before and after the intervention.

Group Pre

Control (n=20) 420+1.24

Pilates (n=19) 432129 547096 p=0.00
Control vs. Pilates p=0.78 p=0.0

body mass index; the €0mpliance of the participant!
the exercise program was the same in both groups w
an average of 90% (range 80-100%) of attendan
(Table 1).

The scores for the balance tests are shown in Table 2.
At the beginning of the intervention phase, both
groups had a similar level of body balance. In
comparison to the pre-test, the subjects of the CG did
not show any improvement in body balance after the
program, while the participants of the PG improved
significantly in the post-test compared to the pre-test.
An intergroup comparison revealed no differences in
the pre-test, but a significantly better body balance for
the PG in the post-test.

As the norm tables of the GGT (3, 45) show
differences in the obtained score between women and
men, indicating that men have a better body balance
within the respective age classes, we analyzed the
scores separately for each gender. As shown in Table
3, this analysis did not reveal considerable differences;
although the women seemingly presented slightly
higher scores, the significance levels are not enough to
even discuss tendencies.

Moreover, the norm tables published for three decades
of life (3, 45) show that the older the subjects, the
lower the score. We therefore divided our groups with
respect to age (under and over 70 years). The results o
this analysis are not completely unanimous (Table 4).

Table 3. GGT scores differentiated for men
women.
Group and Sex Pre
W"_‘;‘(‘)’“ 430+0.95
Control (;/I )
en
(n=10) 4.10+1.52 4.20+1.40
p=0.56 p=0.87
Women
(n=10) 4.50+1.35 5.50+1.08
Pilates Men 411127 5.44+0.88
(n=9)
p=0.70 p=0.93

Pilates and Body Balance

Even when a tendency toward a better body balance
can be observed in the younger subjects (CG pre-test
and PG post-test), the only significant difference was
found in the post-test of the CG, and the sexagenarians

Post P t . . . .
o8 " 4 of the PG did not differ significantly from their
4254125 p=0" septuagenarian peers in the pre-test.

DISCUSSION

e present study, the GGT
(4) was selected as it is a est easy to conduct,
it asses both static and dynamic ce, it has been
proven to be applicable for the age group-of this study,
and it allows simple scoring due to its dichotomous
character. There exists, however, a variety of other
tests, among which the Berg balance scale (1) and the
inetti-test (42) are the most frequently used (44). The
erg balance scale uses 14 items directed toward
ple skills (such as standing up from a chair or
ing something up from the floor) and is often used
eriatric institutions with subjects having corporal
its to judge whether they are able to perform daily
ctivities at home. The Berg balance scale did not
the best candidate to be used in the present
because our subjects were physically
etely independent. The Tinetti-test is composed
parts, one dealing with static equilibrium and
her assessing various gait characteristics. The
m of that test is inherent to its scoring units of 0,
2 points, which might leave some interpretation
e examiner; therefore, the Tinetti-test was
dered second choice. The advantage of the GGT
ars to be the order of the items with increasing
culties. The fifth item seems to be crucial, because
is the first one to exclusively test dynamic
ance. Dynamic balance is considered necessary
ring locomotion (40) to avoid the risk of stumbling
r falls.
At the beginning of the study, the subjects of the CG
and PG showed similar scores in the balance test
(Table 2). In spite of the lack of norm tables for older
ages, one might interpolate the scores described for the
fourth, fifth, and sixth decades of life (3, 45) for the
present subjects of the seventh and eighth decades,
because a decline of body balance with increasing age
is clearly apparent. Such an interpolation allows
judging the body balance of the studied population as
being, on average, regular or fair at the beginning of
the study. When differentiating among the subjects’
age groups and comparing sexagenarians with
septuagenarians, we observed a decline of body
balance with increasing age (Table 4), which is in
accordance not only with the existing norm tables for
the GGT (3, 45) but also with common concepts about
postural stability (43). In contrast to the contentions
about a lower body balance in women as compared to
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Table 4. GGT scores differentiated for age groups.

Group and Age Pre Post
Control  65-69 (n=10) 4.70£1.16  4.80+1.40
70-74 (n=10) 3.70+1.16  3.70H
p=0.08 p=0.02
Pilates 65-69 (n=10) 4.40+£1.27 5.90+0.74
70-74 (n=9) 42241

p=0.06
N\

men of the same age deduced from the norm tables
the GGT (3, 45), we were not able to confirm thal
because we did not find any intersex difference
(Table 3).

The subjects of the CG did not benefit from their
unspecific physical exercise program with respect to
body balance (Table 2). This contrasts with the
findings of other studies (2, 35), which can be
explained by the longer periods of intervention and
completely sedentary subjects in these studies. It
appears evident that motor skills, among them body
balance, improve when such a sedentary population is
submitted to physical exercise. Since the subjects of
the CG were experienced in regular physical exercise,
not even doubling the weekly exercise time resulted in
further improvements. This is in accordance with the
concept that exercises directed only toward strength
and flexibility have little impact on body balance (6).

M Classified
»Regular*

6thdec.
\

\ Classified
GGT \ “Good"
\
5.0

Pilates

ontrol

Figure 1. Graphic draft of the GGT scores for the Control
and Pilates groups before (slim columns) and after (wide
columns) the intervention (cf. Table 2); the existing norm
values for the fifth and sixth decades of life for a regular
body balance (3, 45) have been interpolated for the seventh
and eighth decades; scores above the gray box (PG after)
should be classified good.

192

The subjects of the PG doubtless improved their body
balance, receiving average scores about 30% higher
after the 10-week Pilates program (Table 2). In an
attempt to qualitatively classify the body balance of
this group after the intervention (as done before, see
above), with the use of the existing norm tables (3, 45)
they may be classified “Good,” which clearly is the
effect of the Pilates exercises. Since, as outlined in the
are scarce studies on Pilates with
ilibrium, the results of the

balance training” was used with elderly subjects for
five months (14), resulting in considerable
improvements in static balance and gait pattern. Other
authors (18) studied the effects of an eight-week
xercise ‘program that was inspired by the Pilates
ethod ' in subjects of the same age group and
tained good results for static but not for dynamic
nce. When submitting healthy mid-aged adults to a
es program for 12 weeks, no improvements were
ted with regard to body balance (21), which may
plained by the fact that these subjects do not yet
balance deficits (16) and therefore did not further
it from the Pilates program. On the other hand,
inding (21), together with those of the present
clearly demonstrates that Pilates exercises are
seful to improve body balance at advanced ages.
considering the mechanisms resulting in the
vement of body balance after Pilates exercise,
thening of the trunk and peripelvic muscles in
ense of the “powerhouse” (32) is certainly an
rtant measure to stabilize posture and gait pattern,
the concomitant effect on maintaining
ilibrium  (33). Only looking at muscle
engthening, however, appears an oversimplified
echanistic approach, as the functioning of other
ystems might also be positively influenced by the
Pilates exercises. Since the correct execution of the
movements requires skills like, e.g., movement
fluidity, control, and precision (23), the proprioceptive
analyzers are potential candidates to contribute to the
correct execution of the Pilates exercises. The
improved integration of their information about joint
positions or muscle length and tension should enable
an elevated kinaesthetic quality, thereby allowing the
subjects to better control posture and movements.
Since impairments of proprioception have been
described for the elderly (37) and are held at least in
part responsible for the increased risk of falls,
exercises aimed at stimulating the kinaesthetic sense
should be recommended for the older population.

It can be concluded that a 10-week Pilates program
improved body balance in elderly subjects, probably
by strengthening the muscles involved in postural
control and by improving the quality of proprioceptive
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regulation of muscle actions. Future studies on the 21

effects of the Pilates Method should deal with the
neural modulations of motor drives.
longitudinal studies with larger populations analyzing
the incidence of falls in older subjects pr:
Pilates exercise appear meaningful.
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