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Effectiveness of pilates method for the posture
and flexibility of women with hyperkyphosis

Eficacia do método pilates para a postura e flexibi lidade em mulheres
com hipercifose
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RESUMO: O objetivo do estudo foi avaliar a eficacia do rdétdPilates em melhorar a postura e alrénio Gomes

flexibilidade em mulheres com hipercifose. Foi carido um ensaio clinico, controlado e randomizadq, e . . .
- . - . . Pontificia Universidade Catdlica

com 41 mulheres (média de idade=159 anos), divididas aleatoriamente em dois grup®sio grupo de .

intervencé@o e 19 no grupo controle. As participaup@ssaram por dois conjuntos iguais de mensur,a(;c")gso Rilo Gretidle o 5L

antes e depois de um periodo de treinamento/ dentque foram compostos por: caracteristicas

sociodemogréficas e clinicas, peso, altura, indéicenassa corporal (IMC), percentual de gorduracreafp

(trés pregas cutaneas), razdo quadril-cintura @asdilas circunferéncias). Além desses, o graufaieeci

foi mensurado pelo dngulo de Cobb através de ummexadioldgico (Raio-X) com o paciente em pé, a

flexibilidade foi medida com um fleximetro e a post analisada através de quatro fotografias (visdo

anterior, perfil direito e esquerdo e posteriorinco software Fisimetrix. Todas as medi¢des foram

realizadas pelo mesmo observador, que foi treieazkgado quanto & alocagéo dos sujeitos. Os exarcic

foram realizados duas vezes por semana (60 micatis aula) durante 30 semanas. Antes do estudo, o0s

dois grupos nadliferiram estatisticamente em nenhuma das carsiited analisadas. Ap6s o estudo

foram detectadas diferengas significativas entreas grupos em termos de: angulo da cifose taécic

(grupo experimental= -8,0 + 7,5 graus; grupo cdetre0,6 = 3,4 graus; p <0,001), flexibilidade ddads

0s movimentos da regiéo cervical e do tronco, IM&@,001), percentual de gordura corporal (p <0,001

e todos os movimentos (p <0,05), com excecao dadlanterior do tronco. Portanto, o0 método Pilétes

eficaz em melhorar a postura e flexibilidade emhards mais velhas com hipercifose, bem como em

reduzir a gordura corporal.

Palavras-chave:Treinamento; Cifose; Postura; Flexibilidade; Cosip&o Corporal.

ABSTRACT: The aim of the study was to evaluate the effectigsrof the Pilates method in improving
posture and flexibility in women with hyperkyphash randomized controlled trial was performed with
41 women (mean age of 399 years) randomized into two groups: 22 in therirgntion group and 19 in
the control group. Subjects undertook two equad sétassessment, before and after a training/ @ontr
period, which comprised of sociodemografic andictihcharacteristics, height, weight, body mas®ind
(BMI), body fat percentage (three skin fold meament), waist-hip ratio (circumference measurements)
In addition to these, the degree of kyphosis wassmed by the Cobb angle on a standing lateral
radiograph, flexibility was measured with a flexiereand posture assessment was carried out with the
Fisimetrix software through four view photograpHsorft, right profile, left profile and back). All
measurements were carried out by the same obseviaerwas trained and blinded with respect to the
subjects’ group allocation. The exercises werei@arout twice a week (60-minute class) for 30 weeks
Before the study, the two groups did not diffetistacally in terms of any of the characteristiceabzed.
After the study, statistically significant differees were found between the two groups in terms of:
kyphosis angle (experimental group = -8,0 * 7,5releg; control group = -0,6 * 3,4 degrees; p <0,001)
flexibility of all cervical region and trunk movemis, BMI (p <0,001), body fat percentage (p <0,001)
all body movements (p <0,05), except for trunk iftex Therefore, the Pilates method is effective in
improving posture and flexibility in women with hgrkyphosis as well as reducing body fat.
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Introduction neuromuscular control technique, there is an irsemn

In general, human posture undergoes modificationtee stability of this region, which leads to impeovents
over the years and several factors may influenee tin posture and movement confrolOne of the most
maintenance and formation of the primary and seagnd important elements in the application of this metiothe
curves of the spine. In anatomical terms, thoraciobservation of the correct pelvic alignment, whidlows
kyphosis refers to the posterior primary curvature. for the accurate performance of the movements had t
some people, this curvature maintains its mobilitgjle  stability of the lumbar regidn This stability and
in others it becomes rigid and fixedAfter menopause, alignment leads to the alignment of the pelvis vitig
sedentary women may show a change in this curyatudiaphragm, which further enhances the trunk stgbili
increasing the kyphosis level (hyperkyphosis),radtethe This facilitates the action of the abdominal trarse,
axial and pelvic alignment. In more severe cadesam oblique and multifidus muscles, which are the back
interfere with the pulmonary function and lead to astabilizers and act as its protectors, allowingedi@am of
unbalanced gait, which can decrease daily livingiovemert’® Recent investigations have demonstrated
activities>.  Additionally, in elderly people, that specific exercises for strengthening the idlts
hyperkyphosis is associated with difficulties inilga and abdominal transverse may contribute to theatemtu
living activities and a decline in physical conditi of lumbar back pain and the stability of all theingp
resulting in impaired metabolic functions, whichyead segment$™.
to an increase in the mortality ratéfter the age of 55, Flexibility is limited by several factors: the stap
the excessive curvature and forward positioningthef of the articular surfaces, adhesions, contractateszars
head causes a height decrease that ranges fromn6%om the soft tissues, and contraction components,
11%, besides increasing the fracture risk, independ ligaments, tendons and fastialn the Pilates method,
from the bone mineral density exercises for flexibility are constantly carriedt,oonainly

Some studies show that physically active peoplm the hip and trunk’s extensor and flexor muscles.
have less chance of developing kyphosis, compaved t In order to achieve total physical conditioning,
sedentary people Back extension exercises as well adoseph Pilates conceived his method aiming to ypiié
exercises involving a greater number of muscle gsou bloodstream through oxygenation. When executingy ful
may decrease the deformity or delay the deforminigspirations and expirations, there is an increias¢he
process, helping on the maintenance of good pdsture  efficiency of the gas exchange, bringing more epemg
this context, the Pilates method is said to be mement vitalizing the whole systeth The breathing technique is
reeducation technique composed of exercises deeply important element for increasing oxygenationyweal
rooted in the human anatomy, able to restore arr@ése as aiding the venous return and the action of tingbhr
flexibility and muscle strength, improve breathiogrrect region stabilizer muscles. The pulmonary alteration
posture and prevent injuries caused by the normal aging process are mainly damge

In the Pilates method, the main exercises aim the loss of elasticity of the pulmonary tissue ast
develop the strength of the extensor muscles ob#ek  wall?.
and abdomen, particularly the abdominal transverse, Despite the knowledge and the utilization of the
which refers to the center of strength and cootdsma Pilates method worldwide, methodologically adequate
breathing and moveméntWhen the center of strength isclinical trials proving the efficiency of this thaseutic
weak, without stability and resistance, the moveanien method are still scarce. This study, therefore,edino
the body’s distal portions is diminished, damagihge evaluate the effectiveness of a physical traininggmam
proximal portions and increasing the stress ontgoamd utilizing the Pilates method in improving posturada

ligaments, thereby leading to degeneration. Thratlngh flexibility in women with thoracic hyperkyphosis.
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Material and Methods who was trained and blinded with respect to thgesug
Study design: randomized Controlled Trial;group allocation.
Sample: the volunteers were Caucasian women with a
radiological diagnosis of hyperkyphosis. The pgtiots Variables analyzed
were recruited from the city of Porto Alegre and it Before and after the intervention, the following
metropolitan region in the state of Rio Grande di, S data were collected from all the participants:
Brazil. Recruitment was carried out via radio, nesaygers Life style and clinical conditions
and internet. This study was conducted from ApBi02 Data were gathered on daily consumption of
to December 2010. The Research Ethics Committéleeof alcohol, smoking, current engagement in any type of
Pontificia Universidade Catélica do Rio Grande dd S exercises, if on any kind of a diet, medicatiorake and
(PUCRS) approved the study (protocol no. 08/0444®) any known disease or dysfunction.
individual informed consents were obtained from all Body mass index (BMI) was calculated by
participants previous to their engagement. dividing weight (kg) by the squared height (m2).dgo
Forty-one women over 45 years of age withweight was measured using a scale (G. TEC, Oregon
hyperkyphosis (Cobb angle > 45°) were includedhis t Scientific) and height was measured using a stagtem
study. The major exclusion criteria were: a bodyssna (Cardiomed Seca).
index >30, previous or actual engagement in Pilates The body fat percentage was calculated by the
classes, a kyphosis angle smaller than 45°, andbrae measurement of skin folds — using a scientific gtieter
compression fracture or some other spine disedsetdd (Cescorf) and a protocol for functional assessment
by radiological diagnosis. Other reasons for excgd (Jackson and Pollock) of three skinfolds (triceps,
from the study were an attendance rate lower titd6 8r suprailiac and thigh). The absolute values of shihf
engagement in another type of physical activitylevimm thickness used individually or as a sum of skinfokte
the research program. quite useful for determining the results obtainedhw
Subjects undertook two equal sets of assessmetrgining programs.
30 weeks apart. All measurements took place at the Waist-hip ratio was determined from the
PUCRS’s Physical Activity Laboratory and at thecircumference measurements. A flexible metal tape
Exercise Research Laboratory of the Universidad&anny Medical) was used. The waist circumferenas w
Federal do Rio Grande do Sul. Participants undarwemeasured at the midpoint between the last rib hadiac
laboratory tests, physical examination and intevgieThe crest; the hip circumference was measured at tire pb
first set of assessments took place soon afterestshj greatest gluteal protuberance.
entered the study. After the first assessment eased Posture assessment was carried out by four view
out subjects were randomly allocated into two geotpe photographs (front, right profile, left profile arwhck).
experimental one (intervention) with 22 women ahd t The posture analyses were carried out with therfesix
control group with 19 women (no intervention; séew software.
Diagram). No active or placebo intervention was Flexibility was measured with a fleximeter
prescribed for the control group. Controls wereedsto (Fleximeter - Code Research Institute) using ailfiéty
carry on their normal activities for the next 30eks. The protocol. The analysis was carried out using tredesnof
exercise group underwent a 30-week Pilates trainirthe cervical column (flexion, extension, and ratatand
period. At the end of the 30-week period, exersisard lateral flexion of both sides), hip (flexion, exséon,
controls underwent the second set of measurematts. abduction and adduction of right and left legspustiers
measurements were carried out by the same observer,

Flow Diagram
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| Recruitment of women over 45 years old with hyperkyphosis viatelevision and newspaper

Il

60 women above 45 years of age with
hyperkyphosis(> 45%) were selected — 10 womenwere exlcluded

ige

[ 50 wereinduded |

JL

1# Physical, antropometric and health
evaluation was performed

Ll

RANDOMIZATION
Pilates Group (25 women) Control Group (25 women)
— 2x week, 1h, 30 weeks Physical activity usual —
Three women were excluded ‘ﬂ _@ Six women were excluded
| Intervention Pilates for 30 weeks (22 women) l | Physical activity usual for 30 weeks (1% women) |

gs

I After 30 weeks, 2= Physical. antropometric and health evaluation was performed l

- L

| Fesults about effectiveness of Pilates method |

Strength: trunk extensors, latissimus dorsi,

(flexion, extension, adduction and abduction ohtignd serratus anterior, rotator cuff and abdominal
left sides) and trunk (flexion, extension and lakdlexion muscles. Stretching:  chest,  abdominal,
of the right and left sides). intercostal, iliac-psoas, trapezius and cervical

The degree of kyphosis was measured by the Cobb muscles. Throughout this period the series were
angle taken from a standing lateral X-rays. maintained while the training resistance was

increased with the use of springs and variations
Training Protocol Sudy of the joint angles and distance.

Training was carried out in twice a week in 60- « 3rd Macro cycle - (4 weeks): Maintenance of
minute sessions, for a total of 30 weeks. Basiellev resistance, stretching and relaxation techniques.
Pilates method exercises were used. The degree of This period involved exercises using specific
difficulty of the exercises was gradually increasmutl devices of the method (Cadillac, Reformer, Wundaich
their focus was on keeping a neutral posture ifedifit Wall Unit, Spine Corrector, Ladder Bar, Circles),fias
gravity orientations. Exercises were carried owriropen well as floor exercises without any device. Thereises
and closed sequence, with variations on the flawt a applied were: (1) Reformer — scapular movement and
devices. Training of all participants was providadthe stabilization, mermaid, footwork, running, bend and
same instructor. stretch, leg circles, frog, single thigh stretalont rowing,

arms pulling straps, long stretch, elephant, chest
Planning and periodization - Macro cycle expansion, arm (internal rotation, external rotatio

Three macro cycles were used as shown below. adduction, abduction), twist, straight forward,dgocurls,

« 1st Macro cycle - (6 weeks) - Period of neurahip rolls* (2) Cadillac and Wall — cat prep, roll-down, lat
adaptation; general exercises at the Pilates bagitess, press down, press down with triceps, bragthat
level and diaphragmatic deep breathingull, scapula isolation, push-thru on back withl ngp,
exercises. swan, side arm pull, mermaid, leg press, bicefdscur

« 2nd Macro cycle - (20 weeks) - Inclusion ofsupine, midback series, back rowing press, fontimgw

specific exercises to strengthen and stretclpreps, lower, middle, upper trap strengthener, tches

R. bras. Ci. e Mov 2012;20(1):21-33
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expansion, bicep curls, tricep press, side arm wamkhw

angels, standing pull down, leg circles, walks, wbdop

At the beginning of this study, the interventiordan
control groups did not differ in terms of heightafile 2).

leg, adduct top leg, side stretgh(3) WundaChair — After the intervention, an increase of 1.1 cm wasesved
footwork, hamstring press hips down, adductor press the intervention group (P<0.001), which alsowséd a
ankle exercise, crossover press, standing leg ,presgnificant reduction in the Cobb angle (8 degrees;

forward step up, side step up, triceps press gijttaat P<0.001), as shown in Table 2. No significant cleawgs

standing front, cat kneeling, cat standing backséloack, observed in the control group. BMI and percentafie o

elephant, swan, swan dive from floor, mermaid, nadm body fat also showed significant differences (P8Q)0n
kneeling® (4) abdominal exercises were carried out oboth groups (Table 2). Nevertheless, these differen

the floor, with the utilization of a thread-banddaball. were in the opposite direction; they decreasedha t

For the extension trunk and stabilization of thévigga intervention group and increased in the controugrdn

half-moon was utilized (spine correcttr)Besides the relation to the postural measures (Table 3) theas mo

strengthening work, stretching exercises were aggior  significant difference between the groups before th

shortened muscle groups, with the utilization dbaic- training. In the intervention group, a reduction time

ball and Franklin ball. cervical-thoracic distance and an increase in hagkthe

- . shoulder and scapula were observed, which wase®at s
Satigtical analysis

in the control group (Table 3).

Data were collected directly in a database

developed for the study, in Access 2003, and aadlyz Concerning cervical and trunk flexibility (Table, 4)

using the SPSS program, version 17. The descripti\t/rée two groups were similar before the interventiorthe

. . . control group, a small reduction was found in adlams,
analysis was performed by frequencies, mediansnhmea

and standard deviations. Frequencies of the qtiwita but without any statistical significanc®>0.05), except
. . E%)r neck lateral flexion to the left. The group tha
variables were compared between the groups usiag t

chi-square test or Fisher's exact test (when areetenl underwent Pilates training showed a significant

value was smaller than 5 it was obtained in thesghiare improvement in the flexibility of all cervical angunk

test). Student's t test for paired samples was dsed movements. Comparing the means between the groups,

comparing the means of quantitative variables lseford before and after the intervention, significant eliénces

after the intervention. The comparisons of the reeai (P <0.05) were found for all movements except trunk

variables measured before the intervention andrtban flexion, which showed only a tendency toward slst

differences (final values less the initial valuéstween significance (P=0.066) due to a large standardaievi.

the groups were carried out by Students t test for The results of the hip flexibility are presented in

into consideration th‘gable 5. In the first evaluation, there was no iicgnt

difference between the two groups in any of the

independent samples, taking

equality of the variances determined by Leveness. te

less than 0.05 was considered significant, movements studied. For all movements, a significant

improvement was observed only in the group subthiite
Results the Pilates training program. The difference inifdity

Forty-one women with a mean age of 59 + 9 yearcshange between the groups was significBrit 0.001) for

. all hip movements.
(range= 45 to 78 yeajswere studied. The mean age, P
marital status, clinical and lifestyle charactécistwere

similar for the two groups (Table 1).

Table 1. Demographic, clinical and lifestyle characteristiaf the study population and the comparison batwibe
intervention (n=22) and control (n=19) groups

R. bras. Ci. e Mov 2012;20(1):21-33
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. Groups
Variable Total Population :
N(%) Intervention Control p
N (%) N (%)
Age Group (years)
45-49 7(17.1) 2(9.1) 5 (26.3)
50-54 11 (26.8) 8 (36.4) 3(15.8)
55-59 5(12.2) 3(13.6) 2 (10.5) 0.12%#
60-64 10 (24.4) 7 (31.8) 3(15.8)
65 or more 8 (19.5) 2(9.1) 6 (31.6)
Marital Status
single 9 (22.0) 4 (18.2) 5 (26.3)
married 28 (68.3) 15 (68.2) 13 (68.4) 0.56%F
divorced 2 (4.9) 2(9.2) 0 (0.0) '
widowed 2(4.9) 1(4.5) 1(5.3)
Clinical conditions
Hypertension 9 (22.0) 5 (22.7) 4 (21.2) 1.500
Heart disease 3(7.3) 1(4.5) 2 (10.5) 0%88
Asthma 6 (14.6) 1(4.5) 5 (26.3) 0.680
Thyroid diseases 5(12.2) 2(9.2) 3 (15.8) 0%49
Diabetes 2 (4.9) 1 (4.5) 1(5.3) 1.600
Osteoporosis 6 (14.6) 4 (18.2) 2 (10.5) 0%68
Orthopedic problems 10 (24.4) 4(18.2) 6 (31.6) 60°4
Back pain 26 (63.4) 13 (59.1) 13 (68.4) 0.536
Stress 10 (24.4) 6 (27.3) 4(21.1) 0.%27
Taking medication 27 (65.9) 13 (59.1) 14 (73.7) 263
Lifestyle
Daily consumption of alcohol* 11 (30.6) 6 (31.6) (2®.4) 0.888
Smoker 11 (26.8) 6 (27.3) 5 (26.3) 0.845
Currently doing exercises 14 (34.1) 8 (36.4) 6631. 0.74F
On some kind of diet 5(12.2) 3 (13.6) 2 (10.5) oo’o

& p-values calculated by Pearson’s chi-squaré tpstalues calculated by Fisher's exact test.
* Only 36 women responded to this issue (19 ofitibervention group and 17 of the control group)

Table 2. General comparison of anthropometric measurenaamtdkyphosis angle measured in X-ray between the
intervention (n=22) and control (n=19) groups, bbefand after the intervention period

Group
Variable Intervention Control p
m + sd m + sd
Body weight (Kg)
Before 64.54 £9.16 63.21+12 0.693
After 63.28 £ 10.19 64.05 + 11.01
p 0.090 0.064
Difference -1.26 + 3.33 0.84+1.79 0.693
Height (m)
Before 1.61 £ 0.07 1.60 + 0.06 0.389
After 1.62 £ 0.07 1.59 £ 0.07
p <0,001 0.110
Difference 0.01+0.01 0.00 £0.01 <0.001
Body mass index (kg/m?)
Before 24.83+3.4 24.79 £ 4.17 0.978
After 23.95+ 341 25.29+3.94
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p 0.009 0.007

Difference -0.88 £1.42 0.49+0.68 0.001
Fat percentage (%)

Before 28.37 £ 4.50 28.83 £ 4.66 0.897

After 25.62 £ 4.93 28.61+4.77

p <0.001 0.663

Difference -2.75+2.44 -0.22 £ 2.08 0.001
Waist-hip ratio

Before 0.85+0.07 0.86 +0.05 0.715

After 0.81+£0.05 0.85+0.05

p 0.001 0.501

Difference -0.04 £ 0.05 -0.01 £ 0.06 0.075
Kyphosis angle (Cobb)

Before 63.50 £ 9.78 58.83+£8.73 0.124

After 55.50 + 11.97 58.22 + 8.59

p <0.001 0.454

Difference -8.00 £ 7.50 -0.61 £ 3.38 <0.001

p-values calculated by Student’s t test for indejeen sample comparisons between groups and faxdoe@mparisons between

before and after the intervention period.

Table 3. Comparison of the patients’ postural measureméois view photographs) between the intervention2@)
and control (n=19) groups, before and after theri@ntion period

Group
Variable Intervention Control p
m + sd m + sd
Cervical-thoracic distance — right profile
Before 9.81+1.45 9.40+1.80 0.427
After 7.53+1.35 9.65+1.76
p <0.001 0.228
Difference -2.28 +1.43 0.25+0.83 <0.001
Cervical-thoracic distance — left profile
Before 8.73+1.35 8.80 +2.20 0.910
After 7.19+1.38 9.10+2.04
p <0.001 0.439
Difference -1.55+ 1.67 0.30+1.61 0.001
Height of right shoulder— back
Before 130.27 +6.23 129.61 +6.00 0.736
After 132.64 +6.08 130.17 +5.89
p <0.001 0.243
Difference 236252 0.56+1.95 0.017
Height of left shoulder — back
Before 131.82 +6.38 130.22 +6.13 0.428
After 133.64 +5.74 130.39 +6.00
p 0.002 0.729
Difference 1.82+2.38 0.17+2.01 0.025
Height of right scapula — back
Before 117.86 +6.30 117.78 +6.12 0.966
After 121.59 +5.84 117.33+7.30
p 0.001 0.594
Difference 3.73+458 -0.44 £3.47 0.003
Height of left scapula — back
Before 118.36 +6.30 118.22 +5.80 0.942
After 122.00 +5.83 118.00 + 7.05
p <0.001 0.760
Difference 3.64 + 3.97 -0.22 +3.04 0.002

p-values calculated by the Student’s t test foepahdent samples in comparisons between the graongdor paired samples in comparisons
between the groups, before and after the interwemeriod.
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Table 4. Comparison of cervical and trunk flexibility measments between the intervention (n=22) and cofirel9)
groups, before and after the intervention period

Group
Variable Intervention Control p
m + sd m + sd

Cervical extension

Before 49.45 +13.07 49.44 +17.76 0.998

After 58.05+11.12 47.44 + 13.35

p 0.013 0.560

Difference 8.59+14.9 -2 +14.27 0.028
Cervical flexion

Before 43.64 +13.8 49.83+17.22 0.214

After 60.86 + 10.51 44,78 + 12.06

p <0.001 0.340

Difference 17.23 £ 14.02 -5.06 +21.83 <0.001
Cervical rotation to the right

Before 58.45 + 12.04 56.00 + 12.50 0.532

After 71.14 +7.77 52.78 £9.43

p 0.000 0.288

Difference 12.68 + 9.63 -3.22+12.47 <0.001
Cervical rotation to the left

Before 58.18 +11.61 57.72 £13.03 0.907

After 71.50 +8.11 55.22 +9.88

p <0.001 0.341

Difference 13.32 +£13.16 -25+10.82 <0.001
Cervical lateral flexion to the right

Before 36.05 + 10.66 33.06 £9.71 0.364

After 41.73 +8.00 30.11 £ 8.28

p 0.020 0.138

Difference 5.68 + 10.58 -2.94 + 8.03 0.007
Cervical lateral flexion to the left

Before 33.27+9.61 38.61 +8.27 0.071

After 42.86 + 8.44 33.22+£8.39

0.001 0.014

Difference 9.59 +11.23 -5.39+8.32 <0.001
Trunk flexion

Before 111.86 + 28.35 115.56 + 31.18 0.697

After 127.59 + 12.97 114.67 £ 18.16

p 0.007 0.904

Difference 15.73 £+ 24.57 -0.89 + 30.88 0.066
Trunk extension

Before 20.73 £9.05 21.33+7.14 0.818

After 24.59 +7.37 18.22 +5.53

p 0.079 0.052

Difference 3.86 £9.80 -3.11 +6.32 0.013
Trunk lateral flexion to the right

Before 31.36 £11.84 34.94 +14.25 0.391

After 37.23+8.44 29.17 £ 8.39

p 0.035 0.146

Difference 5.86 +12.19 -5.78 +16.10 0.013
Trunk lateral flexion to the left

Before 31.77 £11.87 33.17 £11.45 0.709

After 38.64 +7.73 28.89 + 8.37

p 0.030 0.139

Difference 6.86 + 13.82 -4.28+11.70 0.010

p-values calculated by Student's t test for independamples in comparisons between the group<papéired samples in comparisons
between the groups, before and after the interventéeriod

Table 5. Comparison of the hip flexibility measurementswestn the intervention (n=22) and control (n=19)upx
before and after the intervention period

Variable Group p
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Intervention Control
m % sd m + sd

Flexion of the right hip

Before 57.32 £ 20.86 69.61 + 35.47 0.180

After 79.50 £ 13.16 62.67 + 15.89

p <0.001 0.261

Difference 22.18 £19.72 -6.94 + 25.33  <0.001
Extension of the right hip

Before 17.95+9.84 23.94+11.5 0.084

After 43.41+12.74 22.89 £5.33

p <0.001 0.657

Difference 25.45 +15.39 -1.06 £9.9 <0.001
Abduction of the right hip

Before 50.45 + 16.32 48.17 +17.29 0.670

After 68.5 + 13.23 47.17 £ 14.47

p <0.001 0.714

Difference 18.05 + 15.28 -1+11.37 <0.001
Adduction of the right hip

Before 23.23+9.14 2294 +14.71 0.941

After 31.14+7.14 21.44 £ 15.14

p 0.002 0.369

Difference 7.91+10.28 -1.5+6.9 0.001
Flexion of left hip

Before 58.82 £ 19.81 69.17 + 32.69 0.224

After 82.86 £ 10.28 61.17 +£11.88

p <0.001 0.245

Difference 24.05 + 15.82 -8 +28.19 <0.001
Extension of the left hip

Before 22.23+11.22 23.72+£12.15 0.688

After 42.73 £ 13.47 22.39£8.25

p <0.001 0.454

Difference 20.5+14.14 -1.33+£7.39 <0.001
Abduction of left hip

Before 49.05 + 13.56 50.56 + 15.62 0.745

After 64.91 + 12.87 50.61 + 13.55

p <0.001 0.981

Difference 15.86 + 15.7 0.06 £+ 9.52 <0.001
Adduction of left hip

Before 2491 +11.77 25.39+12.36 0.901

After 31.86£7.25 21.56 + 10.66

p 0.001 0.094
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Difference 6.95 +8.92 -3.83+9.16 0.001

p-values calculated by Student’s t test for independamples in comparisons between the groupgpapaired samples in comparisons
between the groups, before and after the intereneriod

week training period adopted by Kuo et’alwas

Discussion insufficient to produce the results shown by the-fwear

The Pilates method is believed to improve postureaining used by Eiji and Meheshé&dind by our 30
and flexibility. Nevertheless, few studies are &afse to week training. Another reason for the differencéeseen
provide scientific support for this belief. Mostepious the findings our study and those from Kuo ef alay lie
studies were conducted in young subjects, and ffeete in the fact that all of our participants had kyplkoand
of Pilates exercise on spinal posture and flexipiln  theirs did not.
older women remained unclear. We found few stuilies Flexibility is also a theme that has been
the literature about the Pilates method and kyphosi approached in many studies on the Pilates methad. |
women, and only one on back posture and flexibility said that, despite the fact that the aging protesws
older womeh about various changes that result in limited flditih

In relation to posture, in our study a significanwith the Pilates method an increase in joint ramfe
benefit with the utilization of Pilates method wasmotion can be observed, regardless of age. This was
observed, with a reduction in the kyphosis anglebserved in our results obtained with older wonvemich
measured by X-rays, and the cervical-thoracic disga demonstrate a significant improvement in cervical
(observed in the profile photographs), beyond th#exibility of the trunk and hip with Pilates trang. In a
elevation of the scapula and shoulders, also ieguih a study performed by La Touche et'3lit was suggested
small height gain. Thus, it evidences that the gageent that these changes contributed to the promotiqosfure
in an exercise program with emphasis on strengtigeniand relief of pain and discomfort in the neck andhbbar
the trunk extensor muscles aids the vertebral colunareas. The authors reported that with the incrgasin
realignment and may prevent the development obdis® mobility and mastery of these segments’ motiong th
or dysfunctions related to an impaired posture. s€he movements become harmonious, precise and moreesecur
results are confirmed by those obtained from a Our study also corroborates the findings of Emery

longitudinal study of women in the menopause, foom et al*®

, who performed a randomized clinical trial to
Pilates exercises were used to strengthen the basdtermine the effect of a Pilates training progmarm-
extensors and resulted in a 2.8° reduction in fphéisis  trunk posture, strength, flexibility and biomectaati
of some participants after a period of two y&ars patterns during a functional shoulder flexion taskl9

In another study, with the same age groupounger subjects (9 controls: 5 men; mean age 6 28.
population, a three month intervention with Pilate8.7 years; 10 experimental: 5 men, mean age =88.6
training produced results without statistical omiclal years). Their subjects were assessed twice, befode
significancé. Considered as a method that involves after a 12 week period, during which the experimknt
whole educational and physiological process, sush group was submitted to a Pilates training programo (-
body perception, neural adaptation and movemerit@on h sessions per week). After training, the subjebtswved
this process may be slow regardless of age beadute smaller static thoracic kyphosis during quiet sgtiand
complexity. According to the literature, the period greater abdominal strength. The experimental gralap
neural adaptation takes from four to eight weekslyO showed reduced posterior and mediolateral scapular
after this period, the muscles are prepared fatisplacements, greater upper thoracic extension and
conditioning, with the application of exercises twit lumbar lateral flexion, as well as higher activity the

greater intensity®% It is likely, therefore, that the 10 ipsilateral cervical spine erector, contralatetabmboid
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muscles and lower activity of the ipsilateral lumispine measurements in the experimental group, in additbon
erector during the shoulder flexion task. Regasitefithe the waist and hip circumferences. This suggest$ tha
methodological differences between the two studissh changes in posture through exercises aimed chagfly
as the fact that in ours the Pilates training wadgomed strengthening the muscle groups responsible fonktru
only by women who were on average 30 years older thstability, mainly the abdominals, which are con#tan
their subjects, who trained for a period of timenast used in forced expiration and almost all body mosets,
three times longer than theirs, our subjects atgwroved are the ones that contributed to the changes isethe
on the results expected from the period of neuraheasurements. It is suggested that the postureatimm
adaptation, reaching greater resistance gains &l aresults in a better adipose tissue distribiftion
maintenance of the lengthening of the skeletal tBusc Segalet al® suggest that effects of Pilates training
architecture resulting from their training progra®o, on body composition, health status, and posturerane
even with an older sample, the Pilates method hasep limited and may be difficult to establish. Theyroad out
effective in women decreasing their kyphosis andn observational study to evaluate the effects ilaitd3
increasing their flexibility. training on flexibility and body composition andosted
After the intervention, we found significantthat median fingertip-to-floor distance improved
differences in BMI and fat percentage between tldero significantly from baseline, but no statisticaligrsficant
women who performed the Pilates exercises and th@&hanges were observed in trunk lean body masshtheig
controls. The plausible biological explanation isatt weight, or other body composition parameters
aging may produce changes in the distribution ofvsl Nonetheless, in the present study all of these
twitch and fast-twitch muscle fibers, mainly beaaitsis measurements showed statistically significant
associated with increased fat mass due to an imbala improvements. The answer to these contradictodiris
between fat deposition and fat mobilization, whichmay lie in the quality of the training program, ahiin
ultimately results from an imbalance between energyur case was tailored to the group of enrolledestbjand
intake and energy expenditife Thus, there is a planned accordingly. This results show that
decreased ability to mobilize tit To lose fat, moderate multidimensional exercises, aimed at strengthemiegk
strength and endurance training is more effecth@nt muscles and lengthening shortened ones, resultea in
Pilates, although the Pilates method is considenede neuromuscular balance and, consequently, in araser
complex®. Notwithstanding, the group that underwent thén mobility of the vertebral column, resulting iadmonic
intervention probably had a higher energy expemnelituand balanced action between agonist and antagonist
with the basic exercises. Going along with thissogéng, muscles. The changes that occur with the applicatio
they also presented a significant reduction invtaest/hip the exercises and principles of the Pilates method
ratio which, according to the literature, is highlystimulate body consciousness, the gravity center,
predictive of chronic metabolic disease tsiMost of the movement control and the respiratory sy$t€m
studies to evaluate the effect of Pilates exemmisBMI or
body composition have been conducted in young stgje Study Limitations
or in subjects that were already engaged in sorgeiqdd It is important to discuss some aspects related to
activity, even so they have shown that Pilates $oldbur methodological design. We conducted a clinidal
promise as a means of reducing obéSity this case, the that was not placebo-controlled, which can leabias in
elderly population can also benefit from regulalates the implementation of the intervention, monitoriagd
exercise, as shown by the results of the presedy st final diagnosis. However, we tried to minimize thes
In the comparison of the skinfold measurementffects through blinding the examinations beford after

there was a significant reduction in almost althe intervention with Pilates (lateral standing & and

R. bras. Ci. e Mov 2012;20(1):21-33



JUNGES et al.

photograph analysis with a specific software), Whiere

carried out by the same observer, who was traioedbt

so and did not know to whom the measurements betbng

to. In addition, the training of the women with kysis

was performed by the same individual, who did redld 4.

with either measurements taking, data registerimg
analysis. Furthermore, data were analyzed by eststé&n
blinded to the subjects’ randomization. In an efftor

minimize confounding variables, we studied subjeidts

clinical characteristics. Despite the study's latidns, it

opens perspectives for future research on the besfef

the Pilates method in musculoskeletal rehabilitatio

Conclusions
The

effectiveness of Pilates in reducing the degreleyphosis

results of this study demonstrate th8:
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2. Ryan SD, Friend LP. The impact of kyphosis on
daily functioning.J Am Geriatr Soc 1997;45:1479-1486.
3. Himann MR. Comparison of thoracic kyphosis

and postural stiffness in younger and older wonspine
2004; 4:413 - 417.

Enskud KE, Block DM, Harris F, et al.
orrelates of kyphosis in older women. The Fracture
ntervention Trial Research Group. Am Geriatr Soc
1997; 45:682 — 687.

5. Balzini L, Vannucchi L, Benvenuti F, et. al.
clinical Characteristics of Flexed Posture in digder

women.J Am Geriatr Soc 2003;51:1419-1426.
similar age, physical activity engagement, diet ang

Segal NA, Hein J, Besford J. The effects of
Pilates Training on Flexibility and Body Compositican
Observational StudyArch Phys Med Rehabil 2004; 85
(12):1977-1981.

7. Kuo YL, Tully EA, Galea MP. Sagittal spinal
posture after Pilates-based exercise in healthyerold
adults.Spine 2009;34:1046-1051.

Hodges P, Richardson C. Inefficient muscular
stabilization of the lumbar spine associated wath back
pain: a motor control evolution of transversis andos.

in women, reflected in the improved posture andPin€1996;21(22): 2640-2650.

flexibility. Moreover, the exercise method is als?:

Richardson CA, Hodges PW, Hides JA.
Therapeutic for lumbopelvic stabilization: a motor

effective in reducing BMI and percentage of fat,ishh control approach for the treatment and prevention @

can have a major impact on cardiovascular diseal@V Pack pain 2 ed. Edinburgh Churchill Livingstone;
2004.

prevention. In this sense, it seems that the Rilatethod . )
10. O’Sullivan PB, Twomey LT, Allison ET.

can have an important role in the prevention of ofvolution of specific stabilizing exercises for sfir

rehabilitation for musculoskeletal problems, as|vasd

prevention of cardiovascular risk factors such asl-

abdominal fat, which is highly prevalent in theeazlg. In
future investigations it would be important to ass¢he
role of nutrition and usual exercise practice whtifates

training, as well as the role of this training nwthn the

modulation of the hormonal biomarkers related te th

accumulation of fat and muscle strength and perdoice.
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