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Effects of elastic band resistance exercises with
breathing techniques on pulmonary function in female

seniors
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The purpose of this study was to investigate the effects of elastic-band
resistance exercises combined with breathing techniques on pulmo-
nary function in female seniors. Forty-five female seniors 65 years or
older were recruited from a welfare center and assigned to an experi-
mental (n=23) or control (n=22) group. The experimental group used an
elastic band with a resistance exercises while concurrently using spe-
cific breathing techniques. The control group conducted the same re-
sistance tasks without the respiration exercises. Respiratory function
data were collected before and after the 6-week intervention. The ex-

INTRODUCTION

As the life of old age has lengthened, much attention has been
paid to various solutions to the physical deterioration of the hu-
man body, and the need for regular exercise by the elderly has
been recognized (Dishman et al., 2006). The process also performs
mechanical functions relating to posture stabilization and balance,
and affects stress, anxiety, and pain (Obayashi et al., 2012). How-
ever, as aging progresses, the respiratory system also ages, result-
ing in one more easily becoming out of breath from decreases in
breathing capacity through degradation of elasticity in the alveoli
and reduced pulmonary circulation. In addition, as breathing ca-
pacity increases, the elderly become more easily fatigued because
of shrinking and weakening respiration muscles. Similarly, degra-
dation of the cough reflex and cilia movement result in particulate
matter not being filtered and secretions accumulating in the
bronchus, which leads to greater susceptibility to pulmonary in-
fections. Thus, the health status of the respiratory system plays a

perimental group showed a significant increase in forced vital capacity
(FVC), forced expiratory volume 1 sec (FEV;), and in FEV; as a percent-
age of FVC. In addition, there were significant differences in the FVC
and FEV; levels hetween groups. The results show that resistance ac-
companied by breathing techniques positively affects senior respiratory
function when an elastic band is used for exercise.
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decisive role in the physical and social life of the eldetly (Janssens
etal., 1999).

Previous investigations of the effects of breathing exercises have
revealed improvements in respiratory muscles and respiratory
function that activated trunk control and significantly affected ev-
eryday mobility (Moodie et al., 2011; Perri and Halford, 2004;
Sutbeyaz et al., 2010). Hodges and Gandevia (2000) determined
that raising intra-abdominal pressure during expiration through
transverse abdominis exercises had a stable impact on pulmonary
function, as well as on posture control and stabilization. Hodges
and Richardson (1999) also reported that when movement began
in the distal segments of the upper and lower extremities, the dia-
phragm increased intra-abdominal pressure, thereby establishing
greater trunk stability. Other previous studies have also concluded
that there is a close correlation between breathing activity and
postural control (Khedr et al., 2000).

A number of studies have also been conducted to identify
methods of improving respiratory function through typical exer-
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cises such as diaphragm breathing (Bradley and Esformes, 2014),
feedback breathing (Koppers et al., 2006) and pursed-lip breath-
ing (Sutbeyaz et al., 2010) Exercise using dumbbells or weight
training tools has generated unexpected results because of difficul-
ties in accurate motion measurement and the risk of injury. Ac-
cordingly, previous studies have emphasized the need to investi-
gate the effects and the safety of heavy equipment in resistance ex-
ercises and claimed the need for alternative exercise tools (Anders-
en et al., 2010; Jakobsen et al., 2012). In contrast, elastic bands
are considered suitable equipment for the elderly since it they are
relatively safe and simple to use while providing similar physical
strength effects to resistance exercises using existing weight train-
ing tools. Moreover, elastic bands facilitate muscle use across the
entire body and are portable and economical (Colado and Triplett,
2008; Hostler et al., 2001).

Although previous studies have reported improvements in
physical ability using elastic bands, none have evaluated the ef-
fects of an elastic band exercise program with breathing tech-
niques on pulmonary function in female seniors. Therefore, this
study was conducted to determine the effects of elastic band exer-
cise with breathing techniques on elderly health as evidenced by
pulmonary function. It also aims to provide a clinical basis for the
prevention of pulmonary function deterioration and for improve-
ments in pulmonary function by developing a self-directed exer-
cise program that female seniors can follow by themselves.

MATERIALS AND METHODS

Subjects

This study enrolled attendees of the Seniors’ Welfare Center
who voluntarily agreed to participate and gave their informed
consent. The selection criteria were that participants must be
women aged over 65 years with no pathological respiratory prob-
lems such as coughing, bleeding, or difficulty in breathing for
more than 2 weeks. Subjects must also have had no orthopedic re-
strictions on walking as of the date of the experiment. A total of

Table 1. General characteristics of two groups

Characteristic EBE+MEP group (n=23) EBE group (n=22) t  Pvalue
Age (yr) 70.78+4.12 72.23+6.37 082 041
Weight (kg) 57.86+6.05 5857+7.94 032 075
Height (cm) 154.37+4.04 153.23+3.96 088 038
Muscle mass (kg) 34.99+3.13 34.22+3.09 076 045

Values are presented as mean + standard deviation.
EBE+MEP group, elastic band exercise+maximal expiratory technique group; EBE
group, elastic band exercise group.
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45 participants were randomly divided into two groups: the elas-
tic band exercise group with breathing technique (n=23) and the
elastic band exercise only group (n=22). A homogeneity test of
the general characteristics of the subjects conducted before the ex-
periment revealed no significant differences in average age,
weight, height, or muscle mass between the two groups (P > 0.05)
(Table 1).

The respiratory measurements were conducted by the same ex-
pert who was familiar with all the procedures in the expetiment
to maintain consistency. The exercise program was conducted
three times a week for six weeks. The 45 participants who agreed
to participate provided written informed consent. In addition, the
study was approved by the Daegu University Institutional Review
Board for Human Studies Committee and conducted in accot-
dance with the Declaration of Helsinki (IRB No. 1040621-
2017.09.-HR-003-02).

Procedure

Dynamic exercises using an elastic band were conducted using
a band offering 40% resistance on one-repetition maximum
(1RM) values (Thera-Band). Participants assumed a hook-lying
position, lying flat on a yoga mat and bending hips and knees
with eyes directed to the ceiling. The elastic band exercise was de-
signed by improving the method used by Nyberg et al. (2015) ac-
cording to the purpose of the current experiment (Table 2). A
breathing technique was conducted together with the resistance
exercise to provide maximum expiration. In this method, partici-
pants breathed in through their nose for 3 sec, then breathed
deeply out as much as possible while contracting the abdomen
muscles using the controlled breathing technique of saying “Shh-
hh” during exhalation (Ishida et al., 2012). During preparation
for the elastic band exercise, participants were made ready by
adopting the above breathing technique so that it could be used
as soon as the exercise began. The total exercise time was set to 40
min.

For the elastic band only group, the same band was used to
conduct the same exercise, but breathing was conducted freely.
The pulmonary function test employed a Spirometer (Pony FX,

Table 2. Dynamic exercises

Type Dynamic exercises method
A Elbow flexion

B Shoulder flexion

C Knee extension

D Hip extension
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Table 3. The comparison of means for variables for the two groups (unit: L)

) EBE+MEP group EBE group
Pulmonary function : :
Prevalue Postvalue Difference value Prevalue Postvalue Difference value
/G 1.99+0.40 2.23+042* 0.24+017 2.04+0.52 2.09+052 0.05+0.20
FEV; 1.77+0.36 1.89+0.32* 0.12+0.04" 1.71+047 167047 -0.03+0.09
FEVi/FVC 87.78+5.20 9047 £2.74* 269+6.16 85.52+551 85.70+10.24 0.17+£9.18
PEF 399+1.18 404+1.27 0.05+043 3.30+0.95 3.14+090 -0.16+0.34

Values are presented as mean + standard deviation.

EBE+MEP group, elastic band exercise+maximal expiratory technique group; EBE group, elastic band exerciser group; FVC, forced vital capacity; FEV:, forced expiratory volume

at 1 sec; PEF, peak expiratory flow.
Difference: difference between pretest value and posttest value.

*Significantly different between pre and post (P<0.05). *Significantly different between the group (P<0.05).

Cosmed, Rome, Italy). Subjects gazed ahead while seated in a
chair with a backrest and measurement began one minute after
taking a seat. To measure the pulmonary function, subjects were
asked to breathe normally 3 times, then inhale as deeply as possi-
ble without considering the time taken, and then exhale as quick-
ly as possible until they could no longer breathe. They were then
asked to inhale again with maximum effort as quickly as possible
and with all possible strength. Once measurement was complete,
the stop button was pushed by the experimenter to notify partici-
pants who then took a rest. The items measured were the forced
vital capacity (FVC), forced expired volume in 1 sec (FEV1), FEV,
as a percentage of FVC (FEV1/FVC), and peak expiratory flow
(PEF). All measurements were conducted three times and the
maximum value was used. The unit of air volume measured was L.

A previous study reported that a strength of 40% to 60% of
1RM should be applied to participants who did not perform reg-
ular exercise or had not trained before (Page, 2000). Thus, in this
study, a strength of 50% of 1RM was applied for the group using
the elastic band based on the exercise ability of female seniors.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
ver. 22.0 (IBM Co., Armonk, NY, USA). The Shapiro-Wilk test
was employed to check the normal distribution of the data, while
a paired #-test was conducted to compare respiratory function
within the groups before and after the intervention and the inde-
pendent #-test was performed to compare changes in the variables
the groups. The level of significance was set at P =0.05.

RESULTS

Comparison of FVC and FEV;
Paired sample #-tests revealed significant differences in FVC
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and FEV; before and after the experiment (P < 0.05) for the group
using the breathing technique to accompany the resistance exer-
cise, whereas no significant difference was observed for the group
using only the elastic band (P >0.05). An independent sample
#-test compared the results of the two groups and revealed a sig-
nificant difference (P <0.05) (Table 3).

Comparison of FEV,/FVC

A paired sample 7-test revealed a significant difference in FEV,/
FVC for the elastic band and breathing group before and after the
experiment (P <0.05), whereas results for the group using only
the elastic band did not differ significantly before and after the ex-
periment (P >0.05). In addition, an independent sample #-test
comparing the results of the two groups revealed no significant
difference (P > 0.05) (Table 3).

Comparison of PEF

A paired sample 7-test comparing PEF levels within each group
showed that neither exhibited a significant difference before and
after the experiment (P >0.05). In addition, an independent sam-
ple #-test comparing the results of the two groups revealed no sig-
nificant difference (P > 0.05) (Table 3).

DISCUSSION

Degradation in pulmonary function, which begins at the age of
30, occurs as a result of reduced flexibility of the thoracic cage and
weakening respiration muscles, as well as changes in the lungs,
increases in air flow resistance and reduced FVC, FEV,, FEV,/
FVC, and PEE These changes result in increased physical fatigue
and difficulties breathing, which degrades the quality of a healthy
and active life (Dyer, 2012; Lalley, 2013; Miller et al., 2005; Sta-
nojevic et al., 2008). Accordingly, there is a need for regular and

http://www.e-jerorg 421



Kim K, etal. * Elastic band exercises with breathing techniques

J

various, as well as efficient, exercise to solve this problem (Dish-
man et al., 2006). Therefore, this study investigated the effects of
resistance exercise using bands accompanied by a breathing tech-
nique on pulmonary function in female seniors.

The pulmonary function test results show a significant increase
in FVC and FEV, before and after the experiment in the group
with the added breathing technique, whereas the elastic band-on-
ly exercise group had no significant increases. In addition, there
was a significant difference between the two groups. FVC and
FEV, are reduced in aging as a result of a reduction in lung capac-
ity, pressure in the chest wall, respiratory muscle mass, and nar-
row airways (Lalley, 2013). During the intervention of elastic
band exercise with accompanying breathing technique, this study
revealed that FVC and FEV) increased by associating peak expira-
tory breath with a functional method to activate the abdominal
muscles as much as possible (Neumann, 2010). The elastic band
exercise with the breathing technique simultaneously contracted
the respiratory muscles that are used during peak expiration,
namely the external and internal obliques and the rectus abdomi-
nis (Knox and Evans, 2002). The thickness and activation of the
abdominal muscles increased during the resistance exercise using
elastic bands.

The elastic band with breathing technique group showed a sig-
nificant increase in FEVI/FVC, whereas the group using just the
band showed no significant difference. In addition, a significant
difference was not shown between groups. For those over 65 years
of age, FEVI/FVC decreases through expansion of the alveolar
duct and bronchi, as well as through reductions in lung elasticity
and muscle strength, with the latter being caused by a respiratory
muscle mass weakened by aging (Lalley, 2013). The results of this
study support the conclusion that peak expiration breathing with
an elastic band exercise program strengthens pulmonary function
and skeletal muscles activate abdominal muscles via the interven-
tion used in this study. As reported by Enright et al. (1994), such
muscles and pulmonary function in the elderly are correlated.

Neither group showed a significant difference in PEF before
and after the experiment. And no significant difference was found
between the two groups. This result occurred because PEF is de-
pendent on age (Kim and Sapienza, 2005); specifically, reduced
elasticity in the airway and increased secretion due to aging re-
strict the air flow and reduce PEF (Dyer, 2012; Lalley, 2013). A
study by Ishida and Watanabe (2015) recommended selective
strengthening exercises that focus on the external oblique to im-
prove PEF, but the intervention used in the present study omitted
their recommendation. Thus, it is implied that additional exercis-
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es to increase the flexibility of the chest walls and to develop the
external oblique are needed to increase PEF (Sapienza et al., 2011).

In summary, this study showed that an elastic band exercise
with breathing technique effectively increased the FVC, FEV and
FEVI/FVC of female seniors. This implies that elastic band resis-
tance and breathing exercises can contribute to the composition of
clinical exercise programs that are more effective for the elderly. It
should be noted that this study was limited in that a post hoc in-
vestigation was not conducted through follow-up after the experi-
ment; therefore, continued use of the intervention method was
not verified.

The results of this study revealed that an elastic band exercise
accompanied by a specific breathing technique had a positive ef-
fect that could prove highly effective at improving pulmonary
function. The intervention method used in this study can there-
fore be used as an elastic band exercise regime for improvements
in pulmonary function during the planning of clinical and family
programs.
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