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Purpose: The aim of this study was to determine the effects of lower rib cage lateral expansion limitation on the maximal inspiratory
and expiratory pressures and on abdominal muscle activity during maximal respiratory breathing in healthy subjects.
Methods: Fifteen healthy male subjects voluntarily participated in this cross-sectional study. During maximal breathing, maximal inspiratory and expiratory pressures were measured, and abdominal muscle activity was determined with using surface electromyography.
Also, the measurement was repeated with using a non-elastic belt to the lower rib cage for limiting of lateral expansion. A Wilcoxon
signed-rank test was performed for obtaining the statistical difference with a significance level of 0.05.
Results: The findings of this study are as follows: 1) There were no significant differences in maximal inspiratory and expiratory pressure
with and without lower rib cage lateral expansion (p> 0.05), 2) There was no significant difference in abdominal muscle activity during
the maximal inspiratory phase (p> 0.05). However, right external oblique muscle activity decreased significantly during maximum exhalation with lower rib expansion limitation (p< 0.05).
Conclusion: The results of the current study indicate that a non-elastic belt was effective in decreasing right external oblique muscle activity during forced expiratory breathing in healthy subjects.
Key Words: Abdominal muscle activity, Maximal inspiratory and expiratory pressure, Respiratory pressure meter
the diaphragm and the activity of the abdominal muscles also decrease.8

INTRODUCTION

The activity of the abdominal muscles is usually confirmed by electromyThe diaphragm, transverse abdominalis, pelvic floor muscles, and multifi-

ography, but it is difficult to directly measure the muscle activity of the di-

dus muscles, which play an important role in the function of postural

aphragm. Therefore, in order to indirectly determine the strength of the

control, are representative spinal stabilization muscles. In particular, the

respiratory muscles, including the diaphragm, the maximal respiratory

diaphragm plays an important role in stabilizing the spine when perform-

pressure is measured.9.10

1-3

ing tasks with adequate consideration of balance and load application.4,5

Low back pain was confirmed to have a higher correlation with respira-

De Troyer and Estenne1 described the cylindrical area directly enclosed

tory disease than obesity and physical activity.11 In addition, in patients

by the inner surface of the lower rib as the zone of apposition (ZOA). If the

with chronic low back pain, the excursion of the diaphragm was decreased

curvature of this area is decreased or inappropriate, insufficient breathing

compared to that of a normal person, and excessive diaphragmatic muscle

occurs due to a decrease in transdiaphragmatic pressure, and the activity

recruitment was required due to the abnormally high position of the dia-

of the transverse abdominalis on spinal stabilization and breathing de-

phragm.12 Perri and Halford12 reported a correlation between chronic

creases.6,7 Eventually, as the stability of the lower ribs decreases, the role of

musculoskeletal pain and abnormal breathing. Abnormal breathing pat-
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terns include excessive movement of the rib cage, elevation of the upper

Table 1. General characteristics of subjects 	                (N= 15)

rib cage during inspiration, loss of or lifting during the lateral movement

Characteristics

of the ribs, lack of abdominal movement, and paradoxical breathing. Jans-

Age (yr)

sens et al.14 reported that after inducing acute inspiratory muscle fatigue,
inadequate proprioceptive postural control was seen in patients with low

Mean± SD
20.6± 2.1

Height (cm)

173.5± 7.6

Weight (kg)

62.8± 8.2

BMI (kg/m )

20.8± 1.7

2

back pain compared to normal subjects using multisegmental postural

mean± standard deviation, BMI: body mass index.

control. This means that postural control is reduced in patients with low
back pain. In addition, patients with low back pain reported significantly

teristics of the study subjects are shown in Table 1.

increased diaphragmatic fatigue after inspiratory muscle load than normal subjects.15 As such, in patients with low back pain, reduced diaphrag-

2. Measurements

matic displacement, abnormal breathing patterns, and decreased postural

1) Surface electromyography (sEMG)

control are also present.

The muscle activity of the abdominal muscles was measured using No-

Limiting lower rib expansion with a belt or brace affects the breathing

raxon Telemyo 2004T (Noraxon Inc., Scottsdale, AZ, USA). The surface

pattern. Hussain and Pardy suggested that selective rib expansion re-

EMG analog signals collected from the rectus abdominis, external

striction using a non-elastic corset in normal subjects alters breathing pat-

oblique, and internal oblique were converted into digital signals and pro-

terns during high-intensity exercise, reduces diaphragm contractility, and

cessed using MyoResearch XP Master 1.06 software on a personal com-

increases abdominal muscle recruitment during exhalation. Van Noord et

puter. The sampling rate of the EMG signals was set to 1,024 Hz, the fre-

al. reported that in normal subjects, the restriction of expansion by a belt

quency bandwidth (bandpass-filtered) to 20–450 Hz, and the notch filter

in the ribs and abdominal area decreased the total lung volume, and in-

to 60 Hz. In order to minimize skin resistance when measuring EMG,

creased the specific airway conductance and maximal expiratory flow.

hair was removed from the electrode attachment site before attaching the

Excessive lower ribcage expansion and diaphragm shortening have been

electrode; skin was exfoliated with sandpaper, and then cleaned with alco-

reported to shorten ZOA. In particular, this is clinically more prominent

hol alcohol swabs. As for the electrodes, silver/silver chloride (Ag/AgCl)

in patients with chronic low back pain.

ones were attached parallel to the longitudinal direction of each muscle fi-

16

17

18

No studies have been previously conducted to evaluate the effects of re-

ber with an interval of approximately 2 cm. According to Criswell and

striction of lower rib expansion on maximum respiratory pressure or ab-

Cram19, the rectus abdominis muscle is approximately 3 cm lateral to the

dominal muscle activity during respiration. However, before it was imme-

navel, the oblique abdominal muscles are approximately 15 cm lateral to

diately applied to patients with low back pain, this study decided to con-

the navel, and the rectus abdominis muscle is just above the midpoint of

duct a study in the general population. Therefore, this study investigated

the inguinal ligament between the upper anterior hip bone and the mid-

the effect of limiting lower rib expansion using a non-elastic belt on maxi-

line of the pelvis. Also, external oblique muscle (approximately 15cm lat-

mum respiratory pressure and abdominal muscle activity during maxi-

eral to the umbilicus) and internal oblique muscle (the geometric center of

mal respiration in healthy adults.

the triangle formed by the inguinal ligament, the outer edge of the rectus
sheath, and the imaginary line joining the anterior superior iliac spine and
the umbilicus) are selected.20 After attaching the EMG, muscle activity

METHOD

was measured by performing maximal voluntary isometric contraction
1. Subjects

(MVIC) in the manual muscle strength test posture in order to normalize

This study was conducted on 15 healthy adult males. The exclusion crite-

the EMG values.21 The maximum voluntary isometric contraction mea-

ria were as follows: heart disease, pulmonary disease, musculoskeletal dis-

surement was repeated three times for 5 seconds in each posture, and the

ease, abnormal curvature or deformation of the spine, neurological dis-

EMG data for 5 seconds were treated as a root mean square (RMS), and

ease, neck pain, and low back pain. The subjects of this study voluntarily

the middle of the first and last, excluding 1 second each. The average EMG

participated in the experiment, received detailed explanations about the

over 3 seconds was presented as %MVIC.

experiment, and signed an experiment consent form. The general charachttps://doi.org/10.18857/jkpt.2020.32.6.394



www.kptjournal.org

395

JKPT

The Journal of

Gyu-wan Lee, et al.

Korean Physical Therapy

2) Maximum respiratory pressure

The maximum respiratory pressure is divided into the maximum expiratory pressure and the maximum inspiratory pressure. In addition, the
strength of the respiratory muscles, including the diaphragm, can be used
for an indirect evaluation.9.10 In this study, a portable maximum respiratory pressure meter (Respiratory Pressure Meter, Micro Medical Limited,
Kent ME1 2AZ England) was used to measure the maximum respiratory
pressure. This measuring instrument displays the maximum breathing
pressure through a pressure transducer and an electronic calculator, and
the result is reflected on a liquid crystal display. The maximum respiratory
pressure was measured while the subject maintained maximum inhalation and maximum exhalation while sitting comfortably. Subjects were

Figure 1. Maximal respiratory pressure and abdominal muscle activity
with and without belt.

cautioned to prevent air leakage between the mouthpiece and mouth.
Maximum inhalation and maximum exhalation were maintained for at

EMG electrodes. The non-elastic belt was applied to the lower rib (8-12)

least 1 second. The unit of pressure used was mmHg.

and sternum in a comfortable sitting position, and positioned in a way

22

that it did not interfere with the EMG electrodes (Figure 1).23 After adjust3. Procedure

ing the pressure of the non-elastic belt to the extent that it did not interfere

1) Without lower rib expansion limitation

with normal exhalation and inhalation, breathing was performed several

Subjects were allowed to maintain a relaxed state by performing normal

times as usual. The dependent variable, measured in the absence of lower

breathing several times while sitting comfortably in a chair without arm-

rib expansion limitation, was measured in the previous method.

rests. The maximum respiratory pressure was measured using a respiration-measuring device. Maximum inspiratory pressure and maximum

4. Statistical analysis

expiratory pressure were measured randomly to avoid the effect of the

The Kolmogorov-Smirnov test was performed to check the normal distri-

measurement sequence. Maximum expiratory pressure and maximum

bution. Since the data didn’t show the normal distribution with Kol-

inspiratory pressure refer to the strength of the expiratory and inspiratory

mogorov–Smirnov test, the maximum respiratory pressure and the ab-

muscles, respectively. The maximum inspiratory pressure was measured

dominal activity during maximum breathing were compared using the

after the subject was seated directly in a chair, the nose plugged, and maxi-

Wilcoxon signed rank test, which is a nonparametric statistical method.

mum inspiratory effort was continuously made through the mouthpiece

The analysis was performed using SPSS ver. 18.0 program, and the signifi-

after exhaling to the maximum. The maximum expiratory pressure was

cance level was set to 0.05.

10

measured during the maximum exhalation effort made after inhaling as
much as possible in the same position. Subjects were measured five times

RESULTS

at 1-minute intervals and the highest maximum value was used. In addition, abdominal muscle activity was measured at the time of maximum
respiration. Subsequent trials were executed if the difference in the EMG

1. Comparison of the maximum respiratory pressures with and
without lower rib expansion limitation:

peak of the two MVICs was greater than 5%. The trial with the highest

There was no statistically significant difference between the maximum in-

EMG peak was selected for analysis.

spiratory pressure (without belt=74.0 ± 22.9 mmHg, with belt=78.4 ± 22.6
mmHg, p = 0.245) and the maximum expiratory pressure (without belt=

2) With lower rib expansion limitation

80.0 ± 23.2 mmHg, with belt= 82.5± 25.9 mmHg, p = 0.201) according to

In order to limit the expansion of the lower rib cage, non-elastic belt

the presence or absence of lower rib expansion limitation (p> 0.05).

(COM-PRESSORTM, OPTP, Minneapolis, USA), and applied to the lower rib and sternal area within the range that did not interfere with the
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the lower rib cage during inspiration. The reason was that during inspira-

100

tion, the pressure in the lungs decreases from the atmospheric pressure

Exhalation without belt
Exhalation with belt

80

due to the descent of the contracting diaphragm, and due to the rise and
expansion of the ribcage due to the contraction of the external intercostal

60

muscles. Although this study did not directly measure diaphragmatic de-

40

scent during inspiration, the reliability and validity of the maximal inspi-

*

ratory pressure as an indirect indicator for evaluating descent due to dia20

phragmatic contraction has been demonstrated in previous studies.24,25
The results of this study could not conclude that when lower rib expan-

0
RtRA

LtRA

RtEO

LtEO

RtIO

sion was restricted, the diaphragmatic descent increased, which could fur-

LtIO

ther increase the maximal inspiratory pressure of air entering the lungs.

Figure 2. Maximum exhalation with and without belt. RA: rectus abdominis, EO: external oblique abdominis, IO: internal oblique abdominis, Data were presented with % maximal voluntary isometrics contraction.

This is because the pressure in the lungs decreases below atmospheric
pressure from the lowering and contraction of the diaphragm that occurs
when the subject inhales, and from the rise and expansion of the rib cage
due to the contraction of the external intercostal muscles.1,26 It was expect-

2. Comparison of abdominal muscle activity during maximum
breathing with and without lower rib expansion limitation:

ed that if lower thoracic expansion was restricted, the contraction of the

There was no significant difference in abdominal activity during maxi-

outer intercostal space would be restricted to further promote the lower-

mum inspiration in relation to the presence or absence of lower rib expan-

ing of the diaphragm during inspiration, which would increase the maxi-

sion limitation (p> 0.05). Figure 2 shows the results of abdominal muscle

mal inspiratory pressure. The different unexpected result was thought to

activity during maximum exhalation in relation to the presence or ab-

be due to the participation of young and healthy men who could perform

sence of thoracic mobility. When lateral expansion of the lower rib cage

inhalation without difficulty, even if thoracic expansion was limited. In

was restricted with belt, the right external oblique muscle activity de-

particular, the male subjects mainly had a breathing pattern that contract-

creased significantly during maximum exhalation (p< 0.05).

ed the diaphragm rather than expanding the chest, so it is thought that the
limit of thoracic expansion, the independent variable of this study, had less
influence on the breathing parameters.27 There was also no significant

DISCUSSION

difference in the maximal expiratory pressure. There was no significant
The purpose of this study was to investigate the effects of limiting lower

difference in the maximum inspiratory pressure with or without thoracic

ribcage expansion using a non-elastic belt on the maximal inspiratory/ex-

expansion restriction. There was no significant difference in the amount

piratory pressures and the abdominal muscle activity during maximal

of inhaled air, so it was judged that the presence or absence of chest expan-

breathing in normal subjects prior to a study on patients. There was no

sion restriction did not significantly affect exhalation. In further studies, if

statistically significant difference in maximal respiratory pressure during

we examine the effect of thoracic expansion restriction by using a non-

maximal breathing, with and without lower rib expansion limitation.

elastic belt in patients with decreased inspiratory or expiratory function,

There was no significant difference in abdominal activity during maximal

female subjects, or in patients with excessive thoracic expansion, signifi-

inspiration, with and without lower rib expansion limitation. However,

cant clinical conclusions.

the right external oblique muscle activity decreased significantly during

The results showed that there was no significant difference in abdominal activity at maximal inspiration in relation to the presence or absence

maximum exhalation without lower rib expansion limitation.
There was no significant difference in the maximal inspiratory and ex-

of lower rib expansion limitation, but during maximal expiration, thoracic

piratory pressures, with and without lower rib expansion limitation in

expansion limitation significantly decreased right external oblique muscle

healthy subjects. The investigator originally predicted that the maximal

activity. In general, during stable exhalation, exhalation occurs due to an

inspiratory pressure would increase significantly when the non-elastic belt

increase in pressure in the lungs due to passive relaxation.28 However, as in

was applied to the subject’s lower rib cage to limit the lateral expansion of

our study, during maximum exhalation, the abdominal muscles and

https://doi.org/10.18857/jkpt.2020.32.6.394
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oblique muscles contract and exhalation occurs. In our study, the reason
for the significant decrease in the right external oblique muscle during
maximal expiration can be interpreted as an increase in efficiency due to
decreased muscle activity during muscle contraction. When thoracic expansion was restricted, maximal expiration was performed using less energy as the muscle activity of the forced exhalation muscle was reduced
without any difference in the respiratory parameter of maximal expiration
pressure. In addition, since the external oblique muscle reduces the infrasternal angle, it can be assumed that the reduction of the external oblique
muscle was not mobilized because the infrasternal angle was already reduced by applying a non-elastic belt to the rib cage. The right hand was the
dominant hand in all the subjects participated in this experiment, but no
relevant research results were found in the literature on whether the external oblique muscle in the dominant side leads to a decrease in the infrasternal angle compared to the non-dominant side. Also, in this study, the
movement of the trunk or the movement of the limbs during the maximum respiration measurement could have an effect on the right external
oblique muscle activity.
The limitations of this study are as follows: first, diaphragmatic descent
and elevation could not be measured directly, and diaphragm movement
was analyzed by measuring maximal inspiratory pressure, an indirect indicator. Second, since the experiment was conducted with healthy male
adults, there were limitations to generalizing the results of this study.
Third, only cross-sectional studies were conducted in this study. However,
the inability to compare the effects of different application periods or various intervention methods may be a limitation of the study.
In conclusion, the lower rib limitation applied to prevent excessive infrasternal angle during breathing enabled the efficient use of right external
oblique muscle, although it did not bring about the change of maximum
expiration as expected. However, the restriction of the lower ribs caused
changes in muscle use in normal subjects, it will be necessary to investigate the long-term training effect of the non-elastic belt on patients with
low back pain and to measure the diaphragm movement objectively with
radiography.
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