
465

Or
ig

in
al

 a
rt

icl
es

Effect of the Mat Pilates method on postural balance and thoracic 
hyperkyphosis among elderly women: a randomized controlled trial

Marcelo Tavella Navega1,2

Mariana Giglio Furlanetto2

Daniele Moraes Lorenzo2

Mary Hellen Morcelli2

Beatriz Mendes Tozim1

1 Universidade Estadual Paulista Júlio de Mesquita Filho, Instituto de Biociências, Programa de Pós-
graduação em Desenvolvimento Humano e Tecnologias. Rio Claro, São Paulo, Brasil.

2 Universidade Estadual Paulista Júlio de Mesquita Filho, Faculdade de Filosofia e Ciências, Departamento 
de Fisioterapia e Terapia Ocupacional. Marília, São Paulo, Brasil.

Study financing: Fundação de Amparo à Pesquisa do Estado de São Paulo (Research Support Foundation 
of the State of São Paulo) (FAPESP) for the granting of Scientific Initiation grants, process nº 11/12585-8.

Correspondence
Beatriz Mendes Tozim
E-mail: beatriztozim@yahoo.com.br

Abstract
Objective: To evaluate the influence of the Mat Pilates method on thoracic hyperkyphosis 
and postural balance among elderly women. Method: A randomized longitudinal study 
was performed involving 31 elderly women who were divided into two groups: the 
Control Group (n=17) and the Pilates Group (n=14). The Pilates Group underwent 
training while the Control Group attended lectures. Evaluation consisted of specific 
balance (one-leg right and left) and thoracic kyphosis (computed biophotogrammetry) 
tests. The subjects were reassessed at the end of eight weeks. Data was analyzed by the 
Shapiro-Wilk test for normality, and the paired Student’s t, the unpaired Student's t, 
the Wilcoxon, and the Mann-Whitney statistical tests, with a significance level of 5% 
( p<0.05). Results: The Pilates group maintained balance levels (p>0.05) and had a mean 
thoracic kyphosis reduction of 6 degrees ( p<0.001). There was no significant difference 
( p>0.005) in any of the variables in the Control Group. Conclusion: The present study 
found that the Mat Pilates method contributed to a reduction in thoracic kyphosis and 
the maintenance of balance in the elderly women investigated. REBEC: RBR-6jd8nq
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INTRODUC TION

The elderly suffer from a reduced balance 
capacity, which is caused by alterations in the 
relationship between sensory data acquisition 
and motor activity.1 The sensory and motor 
systems, in conjunction with the nervous system, 
comprise the framework for postural control2, 
whose functional purpose is to maintain postural 
balance and orientation.3

A loss of postural balance can be explained by 
a failure in the proper functioning of the Central 
Nervous System (CNS), which receives information 
from the visual, vestibular and somatosensory 
systems. The failure send this signal to the CNS 
causes a loss of balance.4

An additional aim of postural control is what 
is known as postural orientation, which consists 
of the interaction between the positioning of 
one's body and vision, gravity, support surfaces 
and internal references.3 Disorders in postural 
orientation are common among the elderly.5 One 
of these disorders is thoracic hyperkyphosis, which 
is defined as postural misalignment involving a 
pinching of the vertebra at the thoracic height of 
the sagittal plane, allowing the clinical observation 
of an increase in the thoracic curvature.6

Engaging in regular physical exercise is an 
important factor in the reduction of alterations 
in posture7 and balance8 caused by aging.7,8 Exercise 
imparts positive benefits with respect to the aging 
process, and studies have revealed the positive 
impacts of exercise on postural control.9  

The Pilates Solo techniques represent a form 
of exercise that bolsters physical conditioning, 
postural alignment and improvements in motor 
coordination,10,11, which is why it is frequently 
prescribed by physical rehabilitation professionals 
and recommended for those that are thinking of 
beginning an exercise regimen.12 

This method was created based on progressive 
exercises that involve stretching and strength 
training,13, and has the aim of offering a total body 

workout, while maintaining harmony between the 
body and the mind.10

The Mat Pilates training method focuses on 
the postural alignment of the spine and of the 
scapular and pelvic belt.14,15 It is believed that both 
strength training and postural alignment help to 
improve thoracic hyperkyphosis.

Considering that thoracic hyperkyphosis 
can interfere with bodily oscillation, making 
static balance more difficult and increasing the 
probability of the elderly individual falling down, 
the search for initiatives that reduce these changes 
that arise from the aging process is extremely 
important.

As a result, this study aims to evaluate the 
impact of the Mat Pilates method on thoracic 
hyperkyphosis and balance among elderly women. 

METHODOLOGY
Study environment and scope

A randomized, longitudinal study was 
conducted between the months of January and 
September, 2011. Experimental procedures were 
conducted at the Faculdade de Filosofia e Ciências 
of the Universidade Estadual Paulista Júlio de 
Mesquita Filho (the School of Philosophy and 
Science of the Júlio de Mesquita Filho Paulista 
State University - UNESP), at its campus located 
in Marília, São Paulo.

Participants

Part icipant recruit ing began with the 
distribution of notifications regarding the study 
in locations that offered some form of assistance 
to elderly people. Thirty-one women, between 
the ages of 60 and 75, participated in the study. 
They were divided into two groups by means of 
a simple random selection process: the Pilates 
Group (PG) and the Control Group (CG). In 
terms of eligibility criteria, it was stipulated that 
the volunteers must be at least 60 years of age; have 
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an angle of at least 40 degrees in the curvature of 
their spines at the thoracic height of the sagittal 
plane; be present for at least 75% of the training 
sessions and lectures; and not present neurological 
or motor sequelae, cognitive deficits,16 signs of 
nerve compression,17 ankylosing spondylitis, 
rheumatoid arthritis, vertebral tumors, vertebral 
fractures or cauda equina syndrome. 18

Experimental Procedures

An initial evaluation, which was conducted for 
both groups, consisted of compiling a log for each 
participant containing their personal information, 
general data regarding their state of health, specific 
tests involving balance and measurements of angles 
of thoracic kyphosis. Upon conclusion of the initial 
evaluation, the PG group began training with the 
Mat Pilates method, while the CG group attended 
lectures. The training and the lectures lasted for 
eight weeks. At the end of the eight weeks, both 
groups were re-evaluated. The CG group, after 
re-evaluation, was submitted to eight weeks of Mat 
Pilates classes. The evaluations of the volunteer 
participants were performed by a certified physical 
therapist.

 

Computerized bio-photogrammetry

 Computerized bio-photogrammetry is a 
method of measuring thoracic kyphosis.19 For 
this study, only angles of thoracic hyperkyphosis 
of 40 degrees or more were considered.20

The backs of the volunteers were exposed and 
cylindrical markers were placed over the spinous 
processes of the seventh cervical vertebra (C7) 
and the twelfth thoracic vertebra (T12). One 
at a time, the volunteers were positioned in an 
orthostatic position with their right side facing 
the wall and their left facing the camera. A 12 
megapixel Fujifilm® camera was positioned at a 

distance of 2.8 meters from the volunteers at a 
height of 75 centimeters from the ground. 

In order to measure the degree of thoracic 
kyphosis, AutoCad 2007® software was used, which 
made it possible to trace two lines running parallel 
to the C7 and T12 markers; the intersection of 
those lines formed the angle that denoted the 
degree of thoracic kyphosis.19

Unipodal Test

A unipodal test was conducted in which 
volunteers were asked to look straight ahead while 
standing one meter from the wall. Volunteers were 
then asked to raise one leg while keeping their 
eyes closed. The amount of time the volunteer 
was able to maintain the position was timed on a 
stopwatch.21 Three attempts were made with each 
leg with a time limit of 30 seconds. The attempt 
with the longest duration was recorded for each 
volunteer and used in the study.22 Each of the 
volunteers began the test by elevating their right leg.

Mat Pilates Training

The volunteers were trained in the Mat Pilates 
methodology over a period of eight weeks. They 
attended one hour sessions twice a week over a 
total of 16 sessions. Training groups were kept to 
a maximum of nine volunteers.

The Mat Pilates exercises implemented are 
shown in chart 1. Each exercise was undertaken 
progressively, evolving from beginner exercises 
through to advanced level exercises. In order to 
advance a level of difficulty, each volunteer had 
to conduct the exercises according to all of the 
principles set forth in the Mat Pilates method, 
which were taught at the beginning of the training 
period. The exercises were administered by two 
physical therapists with knowledge of the discipline 
of Mat Pilates.
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Lectures

The control group attended four lectures in 
which the following subject matter was discussed 
in sequence: Changes due to the aging process 
and the act of falling down; changes due to 
aging and its effects on posture; physical activity, 
quality of life and overall health for the elderly. 
The lectures lasted approximately 45 minutes and 
were administered by the two physical therapists 
that administered the training sessions.

Data analysis

Exploratory statistical techniques were applied 
to analyze the data. After applying the Shapiro-
Wilk test to verify the normality and homogeneity 
of the data, the paired Student’s t test and the 
Wilcoxon test were applied to analyze the data 
in order to evaluate intra-group variables. The 
Mann-Whitney test was adopted for analysis of 
the inter-group variables. A significance level of 
5% (p<0.05) was adopted to interpret the data.

Ethical aspects

The study was approved by the Research 
Ethics Committee of the School of Philosophy 
and Science of the Universidade Estadual Paulista 
Júlio de Mesquita Filho, case number 0341/2011. 
Each of the participants was briefed about the 
study and signed an Informed Consent Form, in 
accordance with Resolution No. 196/96 of the 
National Health Council. 

RESULTS

Fifty-four elderly women were selected for the 
study, of which 15 were excluded for not having 
satisfied the stipulated selection criteria. As a 
result, thirty-nine participants were admitted to 
the present study. The elderly female participants 
were then randomly separated into two groups: 
CG [n=22; 65.4 (±4.03) years] and PG [n=17; 
67.71(±3.24) years]. Over the duration of the study, 
five volunteers decided to opt out of the CG group 
(22.7%) and three from the PG group (17.6%). As 
such, 31 elderly women, 17 in the CG group and 

Chart 1. Mat Pilates methodology exercise program. Marília-SP, 2011.

Purpose        Exercise Duration

Strengthening of the hips and 
stabilization of the torso

Hundred level 1, 
One leg stretch, 
One leg circles

Sets:  5 minutes x 2
Rest interval: two 
minutes

Strengthening of the hips, stabilization 
of the torso, stability and stretching of 
the torso

Hundred level 2, 
One leg stretch, Saw 
Neck pull, Single leg lift

Sets: 4 minutes x 2
Rest interval: one minute

Strengthening of the hips, stabilization 
of the torso, stability and stretching of 
the hip and torso muscles 

Roll-up, Leg stretch, Scissors, Swan, Side 
twist, Hundreds in standing, Table

Sets: 2 minutes and 30 
seconds x 2
Rest interval: one minute

Strengthening of the hips, stabilization 
of the torso, stability and stretching of 
the hip muscles

Leg stretch while producing opposing 
force, Breast stroke, Double leg stretch, 
Spine stretch forward, Shell stretch, Standing 
scissors, Standing star series, Standing 
hamstring contraction and extension 
series, Slices

Sets: 2 minutes x 2
Rest interval: one minute
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14 in the PG group, participated in the entirety 
of the study. Table 1 shows the anthropometric 
characterization of the groups, which were 

The PG group participants were not present 
for 14.70% of the duration of the training period, 
whereas the CG group did not participate in 
25.00% of the lecture series. The volunteers in 
the PG group were able to learn the principles of 
the method during the first week of training, in 
addition to finishing the simultaneous exercise 
program.

The results of the right unipodal support test 
did not reveal a significant difference between the 
evaluation and the re-evaluation phases in both the 
PG group (p=0.300, test power of 62.08%) and the 
CG group (p=0.653, test power of 66.01%). With 

Table 1. Characterization of the Pilates Group (PG) and the Control Group (CG) Marília-SP, 2011.

PG (n=14) CG (n=17)

Mean CI 95% Mean CI 95%

Age (years) 67.00 65.38-68.62 64.88 62.80-66.96

Height (m)   1.58 1.54-1.62   1.60 1.55-1.64

Body mass (Kg) 76.66 69.83-83.47 72.40 66.28-78.50

BMI(Kg/m²) 30.68 27.82-33.54 28.38 26.21-30.54

CI 95% = 95% confidence interval; BMI = body mass index.

Table 2. Results of the right and left unipodal tests of the Pilates (PG) and Control (CG) Groups. 
Marília-SP, 2011.

RUT (s) LUT (s)

Mean CI 95% Mean CI 95%

PG (n=14) Evaluation 4.44 3.53-6.31 3.76 2.64-7.05

Re-evaluation 4.28 2.18-12.91 5.27 3.70-7.78

CG (n=17) Evaluation 4.85 4.06-7.63 4.74 3.97-9.80

Re-evaluation 5.73 4.76-9.93 4.05 4.34-8.95

RUT = right unipodal test; LUT= left unipodal test; (s)= seconds; CI 95%= 95% confidence interval.

homogenous with respect to age (p=0.097), height 
(p=0.604), body mass (p=0.328) and body mass 
index (p=0.181).

respect to inter-group comparison, no difference 
was detected for the right unipodal support test 
regarding the evaluation (p=0.421, test power of 
57.10%) and the re-evaluation phases ( p=0.597 
test power of 50%), as shown in table 2.

The results of the left unipodal support test 
did not reveal a difference regarding intra-group 
analysis with respect to the PG group (p=0.109, 
test power of 57.76%) and the CG group (p=0.653, 
test power of 50.37%); the same is true for inter-
group analysis during the evaluation (p=0.769, test 
power of 53.00%) and the re-evaluation phases, 
as shown in table 2.



470 Rev. BRas. GeRiatR. GeRontol., Rio de JaneiRo, 2016; 19(3):465-472

DISCUSSION

The results of the present study indicate an 
improvement in thoracic hyperkyphosis and a 
maintenance of static balance after eight weeks of 
training with the Mat Pilates methodology. 

One of the aims of the Mat Pilates method is to 
promote central stabilization and a strengthening 
of the body's core muscles (abdominal muscles, 
pelvic floor and the lumbar region)8, 23 and the 
muscles of the scapular and pelvic belt.14 

A study conducted by Cruz-Ferreira et al.15 

evaluated the effect of the Mat Pilates method 
on the postural alignment of adult women, whose 
training in the discipline lasted six months. 
Results indicated a significant improvement in 
the sagittal alignment of the cervical and thoracic 
spine, corroborating the results of the present 
study, which indicated reductions in the degree of 
thoracic hyperkyphosis among study participants.

This reduction in thoracic hyperkyphosis 
through the application of the Mat Pilates 
methodology was also described as positive in 
elderly individuals that undertook 10 weeks of Mat 
Pilates classes; the results indicated improvements 
in thoracic hyperkyphosis when in an orthostatic 
position, as observed in five second video footage 
of each participant.24

The Mat Pilates method promotes the 
strengthening of the body's core muscles 13,23 and 
of the muscles of the scapular and pelvic belt14, 
which govern the posterior stability of the torso, 
counteracting the force of gravity on the body and 
generating the resistance that makes it possible 
to maintain oneself in an orthostatic position. 
The method also improves dynamic stability 
among the elderly,6 in addition to improving the 
control and precision of upper and lower extremity 
movements.14

The individual aims to maintain his or her 
center of gravity within its limits of balance in order 
to maintain body stability, which is determined by 
postural control capability when there is no change 
in the support base.3 From that point, the Mat 
Pilates method results in improvements in balance13 
and postural stability25 by executing a contraction 
of the postural and abdominal muscles.13

The mean of the stability values indicated 
a higher value for the PG group when the 
evaluations were compared. This difference, 
however, was not deemed statistically significant. 
Such an occurrence could be due to the small 
size of the sample, as reflected in the low degree 
of sample power. In addition, a review of the 
literature, undertaken by Francisco et al.26, which 
aimed to evaluate the efficacy of the Mat Pilates 
method among elderly individuals, concluded 

Table 3. Thoracic hyperkyphosis results for the Pilates (PG) and Control (CG) groups. Marília-SP, 2011.

Evaluation (in degrees) Re-evaluation (in degrees)

Mean CI 95% Mean CI 95%

PG (n=14) 59.50 51.12-67.88 53.43* 45.93-60.93

CG (n=17) 56.76 51.72-61.81 54.88 50.49-59.28

*Statistically significant intra-group difference ( p<0.05); CI 95%= 95% confidence interval.

The PG group showed a decrease in 
thoracic hyperkyphosis (p<0.001, test power of 
71.12%) after the training, whereas the thoracic 
hyperkyphosis levels of the CG group remained 
the same (p=0.303, test power of 56.95%). With 
respect to the inter-group analysis, no significant 

differences were detected between the groups 
regarding thoracic hyperkyphosis either during the 
evaluation period (p=0.554, test power of 53.86%) 
or the re-evaluation period (p=0.723, test power 
of 51.00%), as shown in table 3.
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that this type of exercise program has proved to 
be highly efficacious at improving the static and 
dynamic balance of elderly women. 

Studies27,28 have shown that the Mat Pilates 
method brings about static balance improvements 
among the elderly. The Romberg test was 
administered with the participants' eyes open, 
and the length and velocity of bodily oscillation 
were measured27. The force platform test was also 
conducted, in which participants alternated opening 
and closing their eyes, while also alternating 
standing on a stable and unstable (foam) surface 
for 30 seconds.28 These tests showed that the Mat 
Pilates method is effective at improving static 
balance. However, during this study, the unipodal 
support test did not return statistically significant 
results. Researchers concluded, therefore, that 
this may have occurred because the test was not 
sensitive enough to identify improvements in 
stability.

The Mat Pilates method, when practiced 
regularly, contributes to a reduction of thoracic 
hyperkyphosis and an improvement in balance 
when the postural, abdominal and paravertebral 
muscles are exercised, increasing stability and 
postural conscience as a result.10,25 In addition to 
promoting the strengthening and stretching of the 

body's muscular framework, Mat Pilates improves 
postural alignment11 and develops the motor 
coordination and balance of elderly individuals, 
reducing the risk of falling down.10

The present study was limited by the following 
factors: small sample size, the non-implementation 
of a dynamic stability evaluation, the non-
implementation of a post-training evaluation of 
the group and the non-implementation of a group 
that trained with conventional exercise techniques.

CONCLUSIONS

The data acquired during this study allowed 
researchers to conclude that the Mat Pilates 
method contributed to reductions in the degree 
of thoracic hyperkyphosis among elderly female 
study participants, as well as the maintenance of 
their balance. 
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