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1)| Abstract |

PURPOSE: Improving elderly people’s balance ability 

through pilates which may be easily applied in ordinary life 

is considered an important intervention method for elderly 

people. Therefore, this study examines the effects of pilates 

training on elderly people’s static and dynamic balance 

abilities and provides clinical data to improve this ability.

METHODS: The pilates program was applied to 19 

elderly subjects three times per week for 8 weeks. Their 

training level took into consideration their age and was set so 

that the rating scales of perceived exertion became 13 to 14. 

Prior to the initiation of the experiment, the subjects had an 

adaptation period in order to practice the order and motions 

of pilates. After the adaptation period, the subjects received 

training. The program was conducted three times per week, 

for eight weeks. Their dynamic balance ability was observed 

through the timed up and go (TUG) test and tandem walk test 

(TWT), and their static balance ability was evaluated by the 

center of pressure (COP) area, medial-lateral displacement, 

and anterior-posterior displacement.
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RESULTS: The results of the TUG test and TWT and 

evaluations of the COP area and medial-lateral displacement 

were significantly different after the pilates exercise program 

compared to those before the program began.

CONCLUSION: The results show that an 8-week pilates 

exercise program is an effective method to increase elderly 

people’s static and dynamic balance abilities. In addition, the 

application result of the pilates exercise program will provide 

useful information for future research on elderly people’s 

balance ability. 
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Ⅰ. INTRODUCTION

The progress of aging occurs throughout the body, 

including the internal organs, muscles, and nervous system, 

and the changes involved trigger discomfort in performing 

daily activities(Jessup et al, 2003). In elderly people who 

do not exercise, muscle atrophy or decreased bone density 

is promoted and their balance ability is reduced due to 

regressive changes from aging(Tideiksaar, 1996). For 

balance, information provided by the visual system, the 

vestibular system, and the somatosensory system should 

be integrated by the brain for specific joints and muscles 
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in order to adjust their timing, sequence, and strength and 

create voluntary or responsive movements(Shumway-Cook 

and Wollacott, 2011). However, when postural movements 

are restricted and postural control is reduced due to aging, 

the risk of falls increases(Gauchard et al., 2003). Noll(2013) 

found that muscle strengthening exercise, flexibility 

training, aerobic exercise, and other diverse types of 

exercises, including gait, are useful to maintain or increase 

elderly people’s muscle strength and improve their balance 

and gait velocity. Low-level aerobic exercise has been 

found to be effective in enhancing the muscle strength, 

flexibility, and balance of elderly people staying at home 

(Shumway-Cook et al., 1977), and postural control ability 

significantly improved in a group taking part in a balance 

exercise program for 6 months(Carmeli et al, 2003). 

The ability to maintain balance and stability is a 

necessity for active humans. Balance is largely divided 

into static balance and dynamic balance. Static balance 

refers to the ability to maintain balance during postural 

maintenance by keeping the center of gravity within the 

base of support. Dynamic balance is the ability to maintain 

balance when the body moves and to maintain a desired 

posture by keeping the center of gravity within the base 

of support during body movement(Shumway-Cook and 

Wollacott, 2011). 

Pilates, created by Joseph H. Pilates in Germany around 

1920, is a system of performing aerobic and muscle 

strengthening exercises together. It is known to effect body 

shape correction through improvements in muscular 

flexibility and joint range of motion(Anderson and Spector, 

2000; Lee and Rachel, 2005). In pilates, abdominal muscles, 

muscles surrounding the spine, gluteal muscles, and 

muscles surrounding the pelvis are considered to be “core,” 

and these muscles engage in the functional stability of the 

trunk(Aladro-Gonzalvo et al, 2012). When the core is 

strengthened, stability of the waist and trunk and stability 

under dynamic situations may be enhanced(Shumway- 

Cook and Wollacott, 2011). Kloubec (2010) noted that 

application of pilates exercise twice per week for 12 weeks 

significantly ameliorated muscle endurance, flexibility, 

balance ability, and postural control(Kloubec, 2010). 

Queiroz et al. (2010) observed changes in activity of the 

external oblique abdominal muscle and the gluteus maximus 

muscle while performing pilates exercise in a quadruped 

position and reported that activity of the two muscles 

increased with improved balance ability; this improvement 

was suggested as having a positive effect in preventing 

a fall. 

Studies have examined lower limb strengthening 

training, ankle strategy exercises, and proprioceptive motor 

control programs in order to improve elderly people’s 

balance ability(Shumway-Cook et al., 1997; Karlsson et 

al., 2013; Gras et al., 2004), but research on improving 

balance ability through pilates has been lacking. Enhancing 

elderly people’s balance ability through pilates, which can 

be easily applied in ordinary life, is considered an important 

intervention for elderly people. Accordingly, this study 

examines the effects of pilates exercise on elderly people’s 

static and dynamic balance abilities and provides clinical 

data for enhancing this ability. 

Ⅱ. METHODS

This study measured static and dynamic balance abilities 

of 19 elderly subjects after applying a 8-week pliates 

training program to them. The study methods are as follows. 

1. Research subjects

The subjects of this study were 19 elderly people residing 

in a long-term care hospital located in Yongin City. Table 

1 shows their physical characteristics. The inclusion criteria 

for selection were as follows: 

A. Those who have not fallen in the past 1 year;

B. Those who can independently walk 5 m or longer 

without taking a rest; 
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Step Program Content

Warm up exercise
(15 minutes)

1. Breathing: 2reps-2sets 
3. The bridge: 2reps-2sets
5. Quadruped: 3reps-2sets

2. Dead bug: 2reps-2sets 
4. Roll-up: 3reps-2sets
6. Prone press: 3reps-2sets

Pilates exercise
(40 minutes)

1. Hundred: 4reps-2sets
3. The rollover: 2reps-2sets
5. Single-straight-leg stretch: 2reps-5sets
7. Swan: 2reps-2sets

2. One-leg stretch: 2reps-3sets
4. The roll-up advanced: 2reps-4sets
6. The seal: 4reps-2sets
8. Single-leg kick: 2reps-2sets

Cool down exercise
(15 minutes)

1. Side kick: 2reps-2sets
3. Spine stretch: 2reps-4sets
5. Standing balance with parallel hip flexion:

2reps-2sets

2. Mermaid: 2reps-2sets
4. Spine twist: 2reps-4sets
6. Standing balance with parallel hip extension: 

4reps-2sets

Table 2. Pilates program

C. Those who have no pain that may affect gait; 

D. Those who do not take medication that may affect 

balance ability; 

E. Those who have no neurological or musculoskeletal 

abnormality that could trigger imbalance and a fall;

F. Those whose Korean version of the mini-mental state 

examination score is 20 points or higher; 

G. Those who have no severe visual or somatosensory 

damage that may affect the experiment. 

Characteristic Subjects (n=21)

Age (y) 63.53±2.41

Height (cm) 159.27±8.42

Weight (kg) 59.41±10.83

MMSE 24.31±2.28

Table 1. General features of the research subjects

2. Measurement Tools and Methods

(1) Pilates exercise program

The pilates training level was set so that the rating scales 

of perceived exertion were 13 to 14 in consideration that 

the subjects were elderly people. An adaptation period was 

incorporated so subjects could learn the motions and their 

order before the initiation of the experiment. Training was 

conducted after the adaptation period ended. The pilates 

program was applied three times per week for 8 weeks. 

The methods by Emery et al.(2010) and Park et al.(2011) 

were modified and used for the training program. Table 

2 displays the specific content of the pilates exercise 

program. 

(2) Timed up and go (TUG) test

The TUG test is a testing method to swiftly measure 

basic mobility and balance; it measures the time taken to 

walk 3 m from a sitting position, return, and sit in the 

chair again(Podsiadlo and Richardson, 1991). Prior to 

measurement, the testing method was explained to the 

subjects and the researcher demonstrated how to perform 

it. Measurement was taken after exercises were performed 

two to three times. 

(3) Tandem walk test (TWT)

The TWT is a method to measure dynamic balance 

ability and a tool used to measure balanced gait and lower 

limb mobility(Mallinson and Longridge, 2008). Prior to 

measurement, the testing method was explained to the 

subjects, and the researcher demonstrated how to perform 

it. Measurement was taken after exercises were performed 

two to three times. The subjects walked a 3-m marked 

straight line while touching the heel of one foot to the 

toe of the other with each step as fast as possible. When 
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a start signal was given, a stopwatch was started from 

zero. The time during which the subjects broke from the 

line or lost balance was also included in the measured 

time. The faster record of two measurements was used 

for analysis. 

(4) Center of pressure (COP) area, medial-lateral 

displacement, and anterior-posterior displacement

Measurement of COP values with standing quietly was 

carried out with BT4(Hur lap Inc.). COP excursion was 

tested using a four-channel portable force platform that 

was calibrated prior to testing; channels were checked 

before each test. Participants were instructed to look straight 

ahead and stand as still as possible with arms hanging 

down. The foot position was standardized to a 2 cm 

heel-to-heel distance and an angle of 30° between the feet. 

The participants stood still for at least 5 sec (pre-phase) 

before the measurement. After the pre-phase, the COP was 

measured for the next 60 sec; signals were sampled at 

200 Hz and filtered with a low-pass digital filter at a 7.8-Hz 

cut-off frequency prior to sampling. Signals were filtered 

with two low-pass filters; the first stage filter was a sinc3 

type and the second stage filter was a 22-tap filter. We 

used 95% confidence ellipse (area), anterior-posterior 

average displacement (Ymean), and medial-lateral average 

displacement (Xmean) for the COP values.

(5) Analyses 

Data were analyzed using SPSS ver. 18.0. The general 

characteristics of the subjects were analyzed by deriving 

averaged values and standard deviations. In order to 

examine differences in the TUG test, TWT, COP values, 

medial-lateral displacement, and anterior-posterior 

displacement within each group between prior to and 8 

weeks after the experiment, a paired t-test was conducted. 

All significance levels to verify hypotheses were set at 

α=.05. 

Ⅲ. RESULTS

1. Changes in Dynamic balance ability after the 

pilates exercise 

There were significant changes in the results of the TUG 

test and TWT 8 weeks after the pilates exercise (p<.05) 

(Table 3). 

variable
Pre-exercise
(Mean±SD)

Post-exercise
(Mean±SD)

p

TUG(sec) 15.37±2.84 13.27±3.47 .01*

TWT 16.32±5.97 12.54±1.97 .00*

*p<.05

Table 3. Time up go test (TUG) and Tandom Walk test
(TWT) results (in seconds) before and after the
pilates exercise 

2. Changes in static balance ability after the 

pilates exercise 

There were significant changes after the 8-week pilates 

exercise in the COP area and medial-lateral displacement 

(p<.05) (Table 4). 

Variable
Pre

(Mean±SD)
post

(Mean±SD)
p

Area(mm2) 213.84±197.74 157.14±207.18 .00*

Xmean(mm) 5.53±11.10 2.18±9.88 .02*

Ymean(mm) 8.75±10.97 8.80±7.22 .98

*p<.05
Area, Center of pressure area; Xmean, medial-lateral 
displacement; Ymean, anterior-posterior displacement.

Table 4. COP area, medial-lateral displacement, and 
anterior-posterior displacement prior to and 
after the pilates exercise 

Ⅳ. DISCUSSION

The purpose of this study was to examine the effects 

of pilates exercise on elderly people’s static and dynamic 



Effects of Eight-week Pilates Training on Elderly People’s Dynamic and Static Balance Abilities | 329

balance abilities We found significant differences between 

the results of the TUG test and TWT. Pilates exercise is 

an effective exercise for postural symmetry, respiration 

control, abdominal muscle strength, spinal, pelvic, and 

trunk stability, muscle flexibility, joint mobility, and muscle 

strength improvement, positively influencing enhancement 

in balance(Latey, 2002). 

Deep muscles composing the trunk include the transverse 

abdominis, multifidus, internal oblique, paraspinals, and 

pelvic floor. Such muscles support the lumbar spine and 

stabilize the trunk(Donald, 2009). Seok et al.(2013) 

reported that 6-week pilates exercise significantly improved 

lumbar flexibility and muscle strength, and Kim(2010) also 

found that 12-week pilates exercise strengthened lumbar 

muscles, significantly increasing their stability. When 

lumbar muscle stability is enhanced, balance ability during 

postural maintenance or movement is improved (Shumway- 

Cook, 2011). They also heighten dynamic stability of the 

body and can be strengthened through pilates(Akuthota and 

Nadler, 2004). These reasons explain the significant 

changes that occurred in the TWT results after the pilates 

exercise in our study.

The TUG test is an easy method to measure functional 

mobility; it can test functional movement in a small space 

without special equipment or training and is frequently used 

to measure dynamic balance(Jessup et al., 2003). The TUG 

time of normal adults without neurological damage is less 

than 10 sec (Podsiadlo and Richardson, 1991), while the 

TUG time of normal males in their 60s ranges from 8 

to 13 sec(Steffen et al., 2002). Podsiadlo and Richardson 

(1991) reported that when TUG time was 14 sec or longer, 

the risk of a fall increased and when it was 30 sec or 

longer, moving was not possible and therefore outdoor 

movement alone was impossible. Lee et al.(2010) applied 

a balance exercise program to elderly subjects with diabetic 

neuropathy 60 min per time, twice per week for 8 weeks 

and reported that TUG time significantly decreased after 

such training. Madureira et al.(2007) and Liu-Ambrose et 

al.(2008) also found that the TUG time of elderly people 

taking part in balance exercise decreased. As in previous 

studies, we found the TUG time of the group who exercised 

with pilates for 8 weeks significantly decreased, with a 

corresponding enhancement of the subjects’ flexibility, 

balance, and coordination(Siqueira Rodrigues, 2010; Irez 

et al., 2011).

In the present study, there were significant changes in 

the COP area and medial-lateral displacement among the 

static balance ability elements after the pilates exercise. 

Yoon(2009) applied pliates exercise to subjects 36 times 

for 12 weeks, 60 min each time and reported an improvement 

in balance and postural alignment after the training. 

Park(2013) trained 20 elderly females on a total of eight 

pilates motions, three times per week for 12 weeks and 

reported significant improvement in muscle endurance, 

dynamic balance ability, and static balance ability. In the 

present study as well, static balance ability significantly 

increased, and this can be attributed to enhanced body 

balance, muscle strength, and flexibility of the abdominal 

and back muscle joints(Denise, 2002). 

There are some limitations that need to be considered 

when interpreting the results of this study. The results 

cannot be generalized to all elderly people as the number 

of subjects was small and their diverse physical 

characteristics were not sufficiently taken into account. In 

addition, the present study did not include those with 

chronic disease and could not exclude the effect of elderly 

people’s chronic degenerative physical characteristics. 

Therefore, future research to study the association between 

physical characteristics and functional levels of the elderly 

needs to include a larger number of subjects and to reflect 

their individual characteristics. 

Ⅴ. CONCLUSIONS

The pilates program was applied to 19 elderly subjects 
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three times per week for 8 weeks. Changes in their dynamic 

balance ability (TUG test and TWT) and static balance 

ability (center of pressure area, medial-lateral displacement, 

and anterior-posterior displacement) were examined after 

pilates training. The TUG test and TWT results and the 

COP area and medial-lateral displacement results were 

significantly different after the pilates exercise program 

compared to those before the program began (p<.05). 
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