Effects of the Pilates method on lung function,
thoracoabdominal mobility and respiratory muscle
strength: non-randomized placebo-controlled clinical

trial
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ABSTRACT | The Pilates method can be an effective tool
for the physical therapist during rehabilitation, because it
has varied benefits and few contraindications. Although
widely practiced by the population, the literature is scarce
about the benefits related to the respiratory system. The
purpose of this study was to evaluate the influence of
the Pilates method on lung function, thoracoabdominal
mobility, respiratory muscle strength and anthropometric
characteristics in healthy women. This is a non-randomized
placebo-controlled clinical trial with 21 volunteers,
who were allocated for convenience in two groups:
Pilates with 11 female volunteers, aged 33.18+8.08 years,
subjected to the Pilates method twice a week for three
months; and Control with 10 female volunteers, aged
31.70+7.39 vyears that remained three months without
regular physical exercises. All of them were submitted to
the anthropometric evaluation, physical activity Baecke
questionnaire, spirometry lung function, thoracoabdominal
mobility by cirtometry and respiratory muscle strength by
measures of the maximum respiratory pressure obtained
by means of a manovacuometer. All volunteers were
evaluated prior to insertion in the groups and revaluated
after three months. In the Pilates group, there was
significant increase in recreational physical activity, total
of the physical activity questionnaire, mobility in the three

levels (axillary, xiphoid and abdominal) of the respiratory,
inspiratory and expiratory muscle strength, and significant
reduction in waist circumference (WC) (p<0.05) after three
months of intervention. However, except for leisure physical
activity and total of the physical activity questionnaire,
when compared, significant differences were not detected
betweengroups(p>0.05).Astothelungfunction,significant
differences were not detected (p>0.05) in the groups and
between them. It is concluded that, after the practice of the
Pilates method, there was improvement in leisure physical
activity, thoracoabdominal mobility, respiratory muscle
strength and waist circumference reduction, however, in
comparison with the control group, the Pilates method
did not show relevant changes in pulmonary function,
thoracoabdominal mobility, respiratory muscle strength
and anthropometric characteristics in healthy women that
did not perform physical activities.

Exercise Movement Techniques; Physical
Therapy Modalities; Spirometry; Muscle Strength.

RESUMO | O método Pilates pode ser uma ferramenta
eficaz para o fisioterapeuta na reabilitacdo, pois apresenta
beneficios variados e poucas contraindicacdes. Embora
largamente praticado pela populacao, a literatura é escassa
quanto aos seus beneficios relacionados ao sistema
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respiratorio. O objetivo deste estudo foi avaliar a influéncia
do método Pilates sobre a funcao pulmonar, mobilidade
toracoabdominal, forca muscular respiratéria e caracteristicas
antropométricas em mulheres saudaveis. Trata-se de um ensaio
clinico ndo randomizado, placebo-controlado com 21 voluntarias,
que foram alocadas por conveniéncia em dois grupos: Pilates
com 11 voluntarias, com idade de 33,18+8,08 anos, submetidas
ao método Pilates duas vezes por semana durante trés meses e
Controle com 10 voluntarias, com idade de 31,70+7,39 anos que
permaneceram trés meses sem a realizacao de exercicios fisicos
regulares. Todas foram submetidas a avaliacdo antropomeétrica,
questiondrio de atividade fisica de Baecke, funcdo pulmonar por
espirometria, mobilidade toracoabdominal por cirtometria e forca
muscular respiratéria pelas medidas das pressdes respiratorias
maximas obtidas por meio de um manovacudmetro. Todas
as voluntarias foram avaliadas antes da insercdo nos grupos e
reavaliadas apds trés meses. No Grupo Pilates houve aumento
significativo da atividade fisica de lazer e no total do questionario
de atividade fisica, aumento da mobilidade nos trés niveis (axilar,
xifoidiano e abdominal), da forca muscular respiratoria, tanto
inspiratdria como expiratoria, bem como reducao significativa
da circunferéncia da cintura (CC) (p<0,05), apods trés meses de
intervencao. Entretanto, com exce¢ao da atividade fisica de lazer
e no total do questionario de atividade fisica, quando comparados
0S grupos, ndo foram constatadas diferencas significativas
(p>0,05). Para a funcdo pulmonar, ndo foram constatadas
diferencas significativas (p>0,05) entre os grupos e tampouco
entre seus integrantes. Conclui-se que, apos a pratica do método
Pilates, houve melhora na atividade fisica de lazer, mobilidade
toracoabdominal, forca muscular respiratéria e reducdo da
circunferéncia da cintura. No entanto, em comparacdo ao Grupo
Controle, 0 método Pilates ndo promoveu alteracdes relevantes
na funcao pulmonar, mobilidade toracoabdominal, forca muscular
respiratoria e caracteristicas antropométricas de mulheres
saudaveis que nao realizaram programa de exercicio fisico.

Técnicas de Exercicio e de Movimento; Modalidades
de Fisioterapia; Espirometria; Forca Muscular.

RESUMEN | El método Pilates puede ser una herramienta

eficaz para el fisioterapeuta en la rehabilitacion, pues presenta
algunos beneficios y pocas contraindicaciones. Aungue

INTRODUCTION

Like other skeletal muscles, respiratory muscles
respond to stimuli through physical training?. For
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ampliamente practicado por la poblacion, la literatura es
escasa acerca de los beneficios relacionados al sistema
respiratorio. El objetivo de este estudio fue evaluar la influencia
del método Pilates sobre la funcion pulmonar, movilidad
toracoabdominal, fuerza muscular respiratoria y caracteristicas
antropométricas en mujeres saludables. Se trata de un ensayo
clinico no randomizado, placebo-controlado con 21 voluntarias,
que fueron divididas por conveniencia en dos grupos: Pilates
con 11 voluntarias, con edades de 33,18+8,08 afios, sometidas
al método Pilates dos veces a la semana durante tres meses
y Control con 10 voluntarias, con edades de 31,70+7,39 que
permanecieron tres meses sin ejercicios fisicos regulares.
Todas fueron sometidas a la evaluacion antropométrica,
cuestionario de actividad fisica de Baecke, funcion pulmonar
por espirometria, movilidad toracoabdominal por cirtometria
y fuerza muscular respiratoria por las medidas de las
presiones respiratorias maximas obtenidas por medio de un
manovacuémetro. Todas las voluntarias fueron evaluadas antes
de la insercién en los grupos y revaluadas después de tres
meses. En el grupo Pilates hubo aumento significativo de la
actividad fisica recreativa y en el cuestionario total de actividad
fisica hubo aumento de la movilidad en los tres niveles (axilar,
del xifoides y abdominal) de la fuerza muscular respiratoria,
tanto inspiratoria como espiratoria, asi como la reduccion
significativa de la circunferencia de la cintura (CC) (p<0,05)
después de tres meses de intervencion. Sin embargo, con
excepcion de la actividad fisica de recreacion y en el total del
cuestionario de actividad fisica, en comparacion con los grupos,
no fueron detectadas diferencias significativas (p=0,05). No se
constatd diferencias significativas (p=0,05) entre los grupos
y sus integrantes para la funcion pulmonar. Se concluye que
después de la practica del método Pilates hubo mejoria en
la actividad fisica de recreaciéon, movilidad toracoabdominal,
fuerza muscular respiratoria y reduccion de la circunferencia de
la cintura. Sin embargo, en comparacion con el Grupo Control,
el método Pilates no promovié alteraciones relevantes en la
funcién pulmonar, movilidad toracoabdominal, fuerza muscular
respiratoria y caracteristicas antropométricas de mujeres
saludables que no realizaron programas de ejercicios fisicos.
Técnicas de Ejercicio con Movimientos;
Modalidades de Fisioterapia; Espirometria; Fuerza Muscular.

this purpose, regular practice of physical exercises is
recommended’.

One of the goals of the Pilates method is muscle
balance, so that muscle groups interact with strength



and flexibility, breathing coordination, intense
abdominal muscle strengthening, among others,
different from other forms of exercises aimed at
muscular hypertrophy*. Studies confirm the efficacy
of the method to correct posture’, flexibility®,
muscle strengthening’, rehabilitation®, and physical

910 However, the literature

conditioning programs
is scarce when it comes to show the effectiveness of
Pilates method on the responses of the respiratory
muscular mechanics and pulmonary function.

According to Wells et al"" the fundament
traditionally known of the Pilates method is breath
control. During the exercises, the stabilization goal
of the spine, promotes intense recruitment of the
abdominal transverse muscle and internal oblique
muscle, especially upon the association of breathing
control and the trunk flexion movement'?.

'The breathing standard used in the Pilates method
is known as “lateral breathing”, that is, prevents the
expansion of the abdominal region during inspirations.
Using predominantly the chest and ribcage muscles,
favoring the lateral expansion of the ribcage,

13,14 and

increases the room for pulmonary expansion
thus, influence lung volumes in healthy individuals
practitioners of the method®.

Until now, there are no studies in the consulted
literature that investigate the effects of method on
the respiratory system and, becomes relevant to the
investigation of the influence of the Pilates method on
such system, since it has been used as a physiotherapy
complement and also as respiratory physiotherapy, due
to the important focus on breathing control.

We have the hypothesis that the application
of the Pilates method can promote gains in lung
function, thoracoabdominal mobility and respiratory
muscle strength in healthy subjects and changes in
anthropometric characteristics especially regarding the
distribution of body fat.

Therefore, the objective of this study was to evaluate
the effects of the Pilates Method on lung function,
thoracoabdominal mobility, respiratory muscle strength
and body fat distribution.

METHODOLOGY

'This study is a clinical essay, with a single protocol,
applied in more than one location and, therefore, carried
out by more than one investigator. It was approved by

the Research Ethics Committee of the Universidade
Metodista de Piracicaba (UNIMEP), under protocol
03/11, registered in ClinicalTrials with the identifier
NCT01841385 and held in Pilates clinics in the region.
The clinics that had a physical therapist with specific
training in the method were selected and invited to
participate in the study. After acceptance, the meeting
with the professionals for the method standardization
and program progress was held, and then, a formal
invitation was sent to beginner students in their
clinics and also the volunteers directly in community,
through posters and formal invitation. The participants
performed the practice of the method at no charge,
regardless of location. Those with availability to perform
the exercises program proposed by three consecutive
months composed the Pilates Group and the others,
the Control Group.

aged between 25
included, with body mass

Women and 55 years
index (BMI)

<29kg/m?, non-smokers or non-drinkers, not without

‘were

any abnormalities of the cardiovascular, respiratory or
neuromuscular system. Women with crippling diseases,
pregnant, or with understanding failures were excluded
for the performance of tests and exercises that did not
show regularity in training sessions (Pilates group) or
who began any program of physical activity during the
studied period (Control group).

Experimental protocol
'The volunteers formed two groups:

a) Pilates Group (n=16): those who were not
performing any form of regular exercise,
supervised or not for at least a year, and who
had not practiced the Pilates method before, but
that would start the activities with the Pilates
method after initial evaluation, being reevaluated
after three months. For the protocol of the
Pilates method, the exercises have been applied
in the ground and in equipment, with gradual
load progression. The equipment used were:
Cadillac, Reformer, Chair and Ladder Barrel.
Most exercises performed on the ground and on
equipment were: teaser, horse back in the ladder
barrel, rollover, tendon stretch on the reformer,
push-throught (seated front) in Cadillac,modified
splitsside using elastic band on the Reformer, and
modified sidearm twist using extension box on
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the Chair. The intervention with the method
had regularity of two weekly sessions lasting
one hour, during 12 weeks, totaling 24 sessions.
After the initial assessments, the volunteers
became familiar with the therapeutic method
for the purpose of adaptation and learning of the
movements, with a session, the total number of
sessions is not included. The exercise program
started from a pre-established protocol and
there was individualized progression of load and
number of sets and repetitions, every 4 weeks.

b) Control Group (n=13): those who were not
performing any form of regular exercise,
supervised or not for at least a year, and who had
not practiced the Pilates method before, and that
remained in this lifestyle, during the study period.
Every 30 days the volunteers of this group were
contacted by telephone so that the researcher
obtained information about maintenance of the
absence of the practice of physical exercises by
the volunteers.

All the volunteers were evaluated by a single
researcher, and the evaluation consisted of anamnesis
with clinical history and data collection such as: age,
body mass, height, BMI, waist circumference (WC) and
hip circumference (HC), waist circumference and hip
circumference ratio (WHR) and neck circumference
(NC), in addition to the usual physical activity
assessment (PAA) by Baecke et al. questionnaire®,
validated in Brazil by Florindo and Latorre". For this
study, the PAA scores in the last 12 months were used:
for leisure physical exercises (LPE) with four questions
and, for leisure and locomotion activities (LLA) with
four questions.

Pulmonary function

For the assessment of lung volumes, flows and
capacity a computerized spirometer (Microquark;
Cosmed, Rome, Italy) was used, according to the
American standards American ThoracicSociety and
(ATS/ERS)®  and

guidelines for pulmonary function®. The volunteers were

EuropeanRespiratorySociety

directed to perform the maneuvers of slow vital capacity
(SVC) and forced vital capacity (FVC) and maximum
voluntary ventilation (MVV). The curves were analyzed
according to the provided criteria of acceptability and

reproducibility praised by literature!®'”.
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Thoracoabdominal mobility

'Thoracoabdominal mobility was measured by means
of cirtometry, in the standing position, by the same
evaluator, in axillary, xiphoid and abdominal levels,
being held three times at each level, with the use of
a measuring tape, after a maximum inspiration and
expiration. The difference between the highest value
obtained from the inspiration and the smaller value of
the expiration was the thoracic and abdominal mobility
for each one of the levels.

Respiratory muscle strength

Respiratory muscle strength was evaluated by
means of the maximum respiratory pressure, through
an analog manovacuometer (Criticalmed®), with
operating range of *300cmH,O, equipped with a
nozzle adapter containing a hole of 2mm diameter,
acting as a relief valve®.

The maximum inspiratory pressure (IPmax) was
measured from a maximum expiration (residual
volume). The maximum expiratory pressure (EPmax)
was measured from a maximum inspiration (residual
volume). Each effort was sustained for at least two
seconds, with 45 second intervals between each
maneuver.

To minimize the learning effect, five measurements
were performed and the difference between them
should be up to 10%. It was considered the highest
value obtained for analysis.

Statistical analysis

The SPSS program version 13.0 was used. For
checking normality, Shapiro-Wilk test was used. For
intragroup analysis, the absolute values were used and
Student’s t-test (related samples) was carried out for
data parametric data. The Wilcoxon test was used for
nonparametric data. For the comparison of the data
between groups, the differences of values between the
pre- and post-treatment were used. The Student’s t-test
(independent samples) was carried out for parametric
data, while the Mann-Whitney test was employed for
data nonparametric data. The statistical significance
level of 5% was adopted.

The calculation of the size of the sample was carried
out by a pilot study, with the IPmax variable of the Pilates
group. For the calculation, it was used the average of the
difference, considering the movements before and after
applying the treatment and the standard deviation of



the difference. The Student’s t-test was employed for
two related samples, adopting a statistical power of 80%
and an alpha of 0.05. Thus, a number of 10 volunteers

per group was determined.

RESULTS

Of the 29 volunteers evaluated, eight were excluded
during the study (five claimed personal reasons, one
began doing physical activities and two did not show
up for reevaluation), with 21 volunteers, being 11 in the
Pilates Group and 10 in the Control Group (Figure 1).

'The data of initial characteristics and distribution of
groups, such as age and anthropometric measurements
are shown in Table 1. There is homogeneity of the
groups in relation to the first evaluation characteristics:
age, height, BMI and body weight.

Table 2 list the values of both circles and results
of the Baecke questionnaire about physical activity.

Inclusion

On intragroup analysis of the Pilates group, we
noticed a reduction of WC and increase of the score
for leisure physical activity, and consequently, of the
total score of the questionnaire of physical activity.
In the Control group, there was no significant
difference for any of the variables. On comparison
between the Control and Pilates groups, there was
significant increase in the variable of the leisure
physical activity, obtained through the Baecke
questionnaire. However significant differences were
not detected in relation to WC when comparing the
two groups.

Regarding pulmonary function, we did not detect
intra-group significant differences in spirometric
measures, however, there was significant increase
in thoracoabdominal mobility in three levels and
respiratory muscle strength (IPmax and EPmax) for the
Pilates group. When the groups were compared using
the difference between the first and second evaluation,
there was no significant difference (Table 3).

Evaluated for eligibility (n=31)

Excluded (n=2)
¢ Did not meet the inclusion criteria (n=1)
* Gave up (n=1)

Allocated volunteers (n=29)

Allocated for intervention - Pilates (n=16)

\) Follow-up \)

Loss of follow-up (personal issues)
(n=5)

Nz

Analyzed (n=11)

Figure 1. Flowchart of participants’ distribution

Analysis

Allocated for control (n=13)

Loss of follow-up (n=3)
¢ Began physical activity (n=1)
¢ Did not show up in the second evaluation (n=2)

Np

Analyzed (n=10)
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Table 1. Age and anthropometric characteristics of the Pilates group and Control group, at the beginning of the study, expressed as
mean and standard deviation

Pilates (n=11) Control (n=10)

p-value [95%CI] between groups

Age (years) 3318+8.08 31.70£7.39 0.67 [-8.5;5.61]
Height (m) 1.63+0.05 1.64+0.06 0.66 [-0.03;0.06]
Body mass (kg) 55.86+6.94 60.85+13.18 0.62
BMI (kg/m?) 2117316 22.56+3.62 0.36 [-1.7;4.4]

BMI: body mass index; 95%Cl: confidence interval at 95%

Table 2. Anthropometrical variables, circumferences, and scores of regular leisure physical activity and locomotion of the Pilates group
and Control group of the pre- and post-intervention, expressed as mean and standard deviation, pre- and post- differences, as well as
the p-value and the 95% confidence interval (95%Cl) of the intra-group analysis and between groups

Pilates (n=11) Control (n=10)
p-value [95%CI]

p-value [95%CI]
intragroup

Pre-

Post-

intragroup

Pre- and post- p-value [95%Cl] between groups
difference

WC (cm) 813760 785+8.38 1277
HC(cm) 9714695  96.02+7] URIES
WHR 0.83+0.05 0.82+0.06 loor
NC(cm)  314%217 311171 1037
AFL 1954031 243+0.32 1047
LLA 130+0.64 152+0.82 1022
TOTAL  325+069 3.95+0.79 1070

0.038

0.38
[-1.6;3.8]

0.33
[-0.01,0.05]

0.37
[-0.53,1.27]

0.002
[-0.73-0.2]
0.38
[-0.78;0.32]

0.02

84.5+10.9 84+11.04
98.3+13.8  98.9+8.87
0.86x0.14  0.85+0.07
3184192  31.8+1.84
245050 2.35+0.46

1.8+0.39  1.72+0.72
425055 4.07£0.91

1048
T 0.6l
1001
1003
loio
10075

1017

0.85
[-51,6.0]
0.81
[-6.4,5.2]

0.75
[-0.07;0.10]

0.86
[-0.3;0.40]
0.57

0.80
[-0.59;0.74]
0.65
[-0.681.03]

WC: waist circumference; HC: hip circumference; WHR: waist-hip relation; NC: neck circumference; AFL: leisure physical activity; LLA: leisure activity and locomotion

0.41
[-8.0;3.5]
0.53
[-75;4.0]
0.9
[-0.08;0.08]
0.46
[-1.29;0.6]
0.008
[017,0.9]
0.44
[-0.511]
0.07
[-0.08;1.8]

Table 3. Measures of the variables lung function, thoracoabdominal mobility and respiratory muscle strength of both groups, in the
pre- and post-intervention, expressed as mean and standard deviation, pre- and post- differences, as well as the p-value and the 95%
confidence interval (95%Cl) of the intra-group analysis and between the groups

Pilates (n=11) Control (n=10)

p-value [95%CI]
p-value [95%CI] between groups
intragroup

Pre- and post-
difference

p-value [95%Cl]
intragroup

Pre- and post-

LSS difference

Before Before After

Pulmonary function

SVC (%P) 9454164  985+12.2 14,07 013 97.36+141 100.95+19.6 1359 026 09
[-9.51.4] [10.4:3.2] [-7.6:8.5]

ERV (L) 073t02  089:0.4 Tol6 018 093:0.3  080:0.3 Lo 025 007
[-0.40.08] [-011,0.3] [-0.03,0.6]

IRV (L) 194:06 17805 Loie 038 187:06  213:05 1026 021 012
[-020.5] [-0.6,01] [-09,012]

CVF (%P) 9484136 9537+105 1055 071  99.08+59 101.24+16.4 1216 0054 037
[-3.7:26] [-4.3:0.05] [-5.3:2.09]

FEV, (%P) 981:169 10154135 1338 010 10226145 102.65:14.3 1039 0.70 018
[-75:078] [-2618] [-1.5:757]

FEFP (%P) 95.9+¢305 96782311 1085 081  98.37+19.4 106.26+239 1789 006 018
[-8.7,701] [16.2:0.4] [17.73.6]

MVV (%P) 85.8:215 86.85:20.8 1101 054 9101+168  93.35+18] 1234 038 066
[-4.6258] [-81:3.4] [-7.5:4.9]
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Table 3. Continuation
Pilates (n=11)

Pre- and post-
difference

p-value [95%Cl]

Before After

Control (n=10)

p-value [95%Cl]
between groups

Pre- and post-  p-value [95%ClI]

intragroup
Thoracoabdominal mobility

Axillary (cm) 7.35+2.0 8.73+2.0 1137 0.007
Xiphoid (cm) 6.52+21 83717 1185 0.005
[-3.0;-0.67]
Abdominal cm)  4.05+2.2 5.94+1.8 171.89 0.02
[-3.48;-0.2]

Respiratory muscle strength
IPmax (cmH,0) -72.7+21.6 -82.2+26.2 1955 0.009
[2.96.1]
EPmax (cmH,0) 85.4+19.4  1041+22.8 118.64 0.001
[-27.6;-9.6]

Zallng o difference intragroup
6.95+2.0 8.3321 1138 0.05 0.99
[-2.3:2.3]
70542.8 827418 T122 0.26 0.57
[-3.5,11] [-1.7:2.9]
4.38+2.0 5.55+0.8 T117 012 0.48
[-2.7,0.4] [-1.3:2.8]
-67.50+16.7 -70.00%17.8 1250 0.52 015
[-61111] [-17.0;2.9]
77504216  87.00+12.7 1950 0.05 013
[-34.2;-0.08] [-2.9:21.2]

Absolute values and percentage of predicted (% P). SVC: slow vital capacity, ERV: expiratory reserve volume, IRV: inspiratory reserve volume, FVC: forced vital capacity, FEV.: forced expiratory volume
in one second, FEFP: forced expiratory flow peak, MVV: maximum voluntary ventilation; IPmax.. maximum inspiratory pressure, EPmax.: maximum expiratory pressure

DISCUSSION

The main results of this study demonstrated
increase in the axillary, xiphoid and abdominal mobility,
respiratory muscle strength, WC reduction and score
increase in physical activity questionnaire in the group
that practiced the Pilates method twice a week for 12
weeks, totaling 24 sessions, but when the two groups
in the final evaluation were compared, there was no
difference between them. However, it was possible to
demonstrate improvement in the score of the usual
physical activity in the Pilates group when compared to
the Control group.

The positive results found for volunteers of the Pilates
group can be assigned to one of the guiding principles
of the Pilates method: breathing. According to Craig?,
breathing is the primary factor at the beginning of the
movement, as it provides the organization of the trunk
recruiting the deep stabilizers muscles of the spine in
pelvic support.

In accordance with the principles of the Pilates
method, the abdominal musculature is responsible
for the dynamic stabilization of the trunk®. 'This
stabilization during exercises is part of the principle of
centralization, also known as “powerhouse”, being one
of the most important principles of the Pilates method.

Probably, this guiding principle allowed the
recruitment of the trunk muscles, abdominal wall
and diaphragm, which resulted in the improvement
of the thoracoabdominal mobility and increase of the
respiratory muscle strength observed in this study.

The integrity of the thoracoabdominal mobility
during breathing movements is critical to the proper
respiratory mechanics®. The improvement of the

thoracic and abdominal mobility found in this study,
particularly in the Pilates group, might be attributed to
improved flexibility of the trunk.

Studies demonstrate the effectiveness of Pilates for
the correction of postural changes’, increased strength’
and flexbility®’. These benefits can justify the gaining
of mobility by volunteers, with reduction of possible
respiratory muscle shortenings or enhancement of the
stretching of these muscles contributing to an efficient
respiratory mechanics. The increased thoracoabdominal
mobility was also confirmed with the method of Global
Postural Reeducation (GPR)?*. The authors attribute
this fact both to treatment duration (8 weeks) and for
the duration of each stretching session (30 minutes). It
is interesting to note that even with the higher duration
of the treatment (12 weeks) and session (60 minutes),
it has not been possible to highlight differences in
mobility compared to the Control group.

Improvement of the muscle strength, flexibility,
posture, motor skills and life quality were also benefits
of the Pilates method according to Guimaries et al.?,
who studied the application of the method for older
adults.

In addition to thoracoabdominal mobility, it was
possible to evidence in this study the increase in
respiratory muscle strength with regular sessions of
Pilates method, since the breathing principle of the
method requires a maximum expiration during the
exercises. ‘This maximum expiration is accomplished
by the following muscles: rectus abdominis, external
and internal oblique and transversus abdominis. Some
studies have shown activation of these muscles during
Pilates exercises, primarily of the following muscles:
rectus abdominis®®, multifidus and external oblique?.
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Possibly, in this study, the activation of these muscles
culminated in increasing expiratory muscle strength.
Although the expiratory muscle strength gain is relevant
we were unable to conclude that this occurred due to
the Pilates method because there was no difference
regarding the Control group in the second evaluation.

However it is worth mentioning that Dorado et
al.”® observed that, in healthy and inactive women, the
Pilates method is effective in strengthening the muscles
of the abdominal wall due to the hypertrophy of these
muscles, particularly of the rectus abdominis.

In addition, the pelvic retroversions performed
during Pilates exercises put the diaphragm muscle
(main inspiratory muscle) in a stretching position,

due to its insertion. Di Alencar et al.®

reported that
stretching also results in increased muscle strength,
which in this study may be a factor to increase
inspiratory muscle strength.

Other muscles that participate in inspiration, in
addition to the diaphragm, are also involved in the
Pilates exercises, and can be strengthened, assisting
in increasing the inspiratory force. An increase in
respiratory muscle strength was also observed in
practitioners of other methods, such as Yoga®**', GPR*
and Kabat?.

According to Doijad and Surdi*!, the Yoga postures
involve Isometric Contraction which is known to
increase skeletal muscle strength. Thus, Yoga training
improves strength and also the resistance of the
inspiratory and expiratory muscles. We can infer
that the postures used by the Pilates method, as well
as the method association to the breathing may have
contributed to the increased strength of the respiratory

muscles. Moreno et al.*

report that the stretchings
present in the GPR method may have favored an
increase in the length of the sarcomeres and a more
effective contraction, which was reflected in the increase
of the maximum respiratory pressures and so, in the
strength of respiratory muscles.

Barbosa et al.’? studied the behavior of expiratory
muscles, i.e. rectus abdominis muscles, upper and lower
fibres, transversus abdominis and internal oblique using
surface electromyography during the movement of
trunk flexion in two times. One of them performed the
breathing method of Pilates, and the other performed
normal breathing. It was possible to observe a greater
level of activation amplitude of transversus abdominis
muscles, internal oblique and during flexion of the
trunk associated with typical Pilates breathing. These
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electromyographic findings of the study of Barbosa et
al.’? can help to justify the increased expiratory muscle
strength of female practitioners of the Pilates method
of this study.

'Thus, it appears that the expiratory muscle strength
increased by 17.9% and inspiratory muscle strength
increased 11.59% in the Pilates group, while the control
group increased 10.91 percent and 3.57%, respectively.

Although all the benefits related to respiratory
muscle strength have been found in the group that
practiced the Pilates method, we still were not able to
identify the effectiveness of the method applied to the
respiratory system since, in general, the Pilates group
showed similarity to the Control group in relation to
respiratory muscle strength and thoracic mobility.

The beneficial results of the Pilates method in
relation to the increase of respiratory muscle strength
should be further investigated, since they can benefit
individuals presenting respiratory muscle dysfunction
or even need for the maintenance of respiratory muscle
integrity, as it usually occurs with elderly persons*.

However, about the effects of the Pilates method
on pulmonary function, studies are scarce in the
literature. In this study, the measures of lung function
did not show major changes, which was expected,
since all the volunteers are healthy, with spirometry
values above 80% of the predicted, meaning normal
pulmonary function'®. Such findings were similar to
the ones observed by Godoy et al.** both in individuals
who practiced yoga, as in individuals who performed
aerobic activity for three months.

Doijad et al.*, reported an increase of CVF and
MVV shortly after yoga practice. According to the
authors, the yoga postures and breath employed during
the method promote strengthening and endurance of
the respiratory muscles and indicate better performance
on spirometric manoeuvres of MVV and CVEF. Even
though Yoga is a different method, it is similar to Pilates
with regard to the breathing focus during the exercise.
Probably we have not reached the same results as in
the study of Doijad et al.’!; the frequency of sessions
was higher. The study volunteers performed 6 sessions
a week, while the weekly frequency in the present study
was twice. In the totality of the program, 24 sessions
were held in this study against 72 sessions in this study.
The number of sessions of Pilates method might have
been a fundamental factor for the lack of significant
difference between the PilatesGroup and the Control
group in this study.



WC reduction is clinically relevant, because it is an
anthropometric indicator that confirms the abdominal
obesity, and if associated with overweight, exposes the
persons involved in metabolic syndrome to cardiovascular
risks, increasing the death risk*. According to the World
Health Organization (WHO)* values of WC equal to or
greater than 80cm are considered indications of risk for
developing cardiovascular diseases. It is worth noting that
the volunteers of the Pilates group finished the exercise
program without risk indications (WC=78.56+8.38),
while the control group remained in the range of
cardiovascular risk (WC=84.07+11.04). There is no doubt
that regular physical activity contributes to the balance
between the energy consumed in the form of food and
spent due to exercises® promoting the maintenance or
reduction of body weight. In this study, it was not possible
to identify significant changes in relation to body weight
and BMI, since the volunteers studied were classified as
eutrophic and also most of them were in the age group
least prone to weight gain.

The increase in leisure physical activity score
demonstrates a change in the routine of the volunteers
of the Pilates group in relation to the practice of physical
exercises, being of great importance for the health and
life quality.

Health benefits from the regular practice of
physical exercises are vast. The study of Matsudo

et al.’®

mentions that the physical exercise presents
benefits both in physical and cognitive appearance,
and also in the psychological and social appearance, as
well as promotes the control of body weight, decrease
of the body fat, promotes muscle hypertrophy, increase
of the muscle strength, and improves flexibility. All
these benefits have great value to the improvement
of quality of life and health of individuals and should
be emphasized. The Pilates Method in addition to
promoting physical health can also bring positive
feelings of pleasure, satisfaction and well being *’. This
can justify the increased habitual physical activity in
this study and change in lifestyle.

Finally, in this study the results obtained are for
healthy and eutrophic people, which even without
performing physical activity, maintains the integrity
of respiratory muscle strength, thoracic mobility and
anthropometric characteristics. We suggest that further
studies are conducted investigating the Pilates Method
as a resource in the treatment of respiratory disorders
and also that the weekly frequency is more often than
two times a week.

Some limitations were identified in this study: non-
randomization of volunteers, the completion of the study
in more than one location and more than one method
instructor with possible influence of the environment
and empathy between student/instructor, the fact that
the Pilates Group had sought the method on its own
initiative might have provided better results due to the
dedication and motivation to practice physical exercises.

CONCLUSION

According to the above and within the experimental
conditions used, it is concluded that, after 24 sessions of
practice of the Pilates method, there was improvement
in leisure physical activity, thoracoabdominal mobility,
respiratory muscle strength and waist circumference
reduction, however, in comparison with the Control
group, the Pilates method did not show relevant changes
in pulmonary function, thoracoabdominal mobility,
respiratory muscle strength and anthropometric
characteristics in healthy women that did not perform
physical activities.

We suggest follow-up beyond the 24 sessions of the
method to better identify the benefits. We also suggest
that studies in populations with respiratory dysfunction

are carried out.
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