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Abstract. [Purpose] The purpose of this investigation was to compare the activities of the abdominal muscles
and peak expiratory flow between forced vital capacity and fast expiration exercise. [Subjects and Methods] Fif-
teen healthy male participated in this study. Peak expiratory flow and electromyographic activities of the rectus
abdominis, external oblique, and internal oblique/transversus abdominis muscles were measured during forced
vital capacity and fast expiration exercise and then peak amplitude and its appearance time were obtained. [Re-
sults] Peak expiratory flow values were significantly higher during fast expiration exercise than during forced vital
capacity. The internal oblique/transversus abdominis muscles showed significantly higher peak amplitude during
fast expiration exercise than during forced vital capacity. However, there were no significant differences between
forced vital capacity and fast expiration exercise in the rectus abdominis and external oblique muscles. There was
no difference in the appearance time of the peak amplitude between forced vital capacity and fast expiration exer-
cise in any muscle. [Conclusion] Fast expiration exercise might be beneficial for increasing expiratory speed and
neuromuscular activation of the internal oblique/transversus abdominis muscles compared to forced vital capacity.
These findings could be considered when recommending a variation of expiratory muscle strength training as part
of pulmonary rehabilitation programs.
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INTRODUCTION

Surpassing stroke, pneumonia is the third leading cause of death in Japan, and deaths from pneumonia are more prevalent
in elderly individuals". The pathophysiology of pneumonia in the elderly is primarily aspiration pneumonia®. Aspiration
pneumonia is associated with reduced swallow and cough capacity®. Expiratory muscle strength training (EMST) programs
are known to increase maximum expiratory pressure, with the potential to improve some aspects of swallow, cough, and
physical performance®.

In general, EMST performed using pressure threshold devices strengthens the expiratory muscles by increasing the expira-
tory load during breathing exercises®. Recently, we showed that 4 weeks of fast expiration (FE) exercises performed without
pressure improved respiratory muscle strength?). During FE exercise, the investigator instructed the subjects to inspire fully
to total lung capacity, to blow through a mouthpiece as fast as possible, to concentrate on the speed of instantaneous expira-
tion and not on the volume, and to not exhale to residual volume®. Generally, verbal instruction for pulmonary function
measurements of forced vital capacity (FVC) is to exhale from total lung capacity to residual volume as fast as possible.
Whether instantaneous expiration during FE exercise is an effective method to activate expiratory muscles is unclear. If the
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motor units are activated in a task-specific manner, expiratory muscle activity will differ with the task. The amplitude of
the agonist burst is proportional to the peak velocity when the load is constant®. The abdominal muscles are the muscles of
forced expiration”). Expiratory muscle strength reflects peak expiratory flow (PEF) in the absence of bronchial obstruction®.
Therefore, the purpose of this investigation was to compare the activities of the abdominal muscles and PEF between FVC
and FE exercise.

SUBJECTS AND METHODS

Fifteen healthy male university students participated in this trial. The subjects were physiotherapy students attending
the Kawasaki University of Medical Welfare. The protocol for the present study was approved by the Ethics Committee of
the Kawasaki University of Medical Welfare. Written informed consent was obtained and the rights of the subjects were
protected. Subjects with a history of chronic or acute cardiac, pulmonary, or neuromuscular disease or smoking, and those
who had an acute upper respiratory infection were excluded. All pulmonary function measurements, which included percent-
age of the predicted vital capacity (%VC: vital capacity/predicted vital capacity) and forced expiratory volume in one second
(FEV,%: forced expiratory volume in one second/FVC), were calculated using a multi-functional spirometer (HI-801; Chest
MI Inc., Tokyo, Japan). All the measurement values were within the normal range.

Disposable silver/silver chloride surface electrodes with a recording diameter of 1 cm (Blue Sensor P-00S; Mets Co. Ltd.,
Tokyo, Japan) were used. The electromyographic (EMG) signals were recorded using a data acquisition system (Myosystem
1200; Noraxon Inc., AZ, USA). Electrode placement was based on previous work® !9) that noted the muscle positions on the
right side as follows: the rectus abdominis (RA), 2.5 cm lateral to the umbilicus; external oblique (EO), the anterior end of the
eighth rib; internal oblique and transversus abdominis (I0/TrA), midpoint between the anterior-superior iliac spine and pubic
symphysis. Skin preparation gel (Skin Pure; Nihon Kohden Co. Ltd., Tokyo, Japan) was applied to the skin before electrode
placement; subsequently, the skin was cleaned with alcohol to reduce skin surface impedance. Bipolar electrode pairs were
placed longitudinally over the muscle at 2.5-cm intervals. A grounded electrode was placed over the anterior superior iliac
spine.

PEF (L/min) was measured using a peak flow meter (Assess, Full range; Philips Respironics G.K. Tokyo, Japan) with
a mouthpiece. To detect onset of expiratory flow, temperature change 1 cm distal to the mouth side of the mouthpiece was
measured using the thermistor (TR861-T; Nihon Kohden Co. Ltd., Tokyo, Japan). Electric signals from the thermistor were
recorded synchronously with the EMG data using the external input board (BNC EM-135; Noraxon Inc., AZ, USA). The
EMG and thermistor signals were amplified, band-pass filtered (10-500 Hz), digitized, and stored with a sample frequency
of 1,000 Hz.

The subjects were placed in the standing position. EMG and thermistor signals were recorded during FVC and FE ex-
ercise. Verbal instructions for FVC tasks were as follows®: “inspire fully to total lung capacity, and then blow through a
mouthpiece as fast as possible to residual volume.” The verbal instructions for FE exercise were as follows: “inspire fully to
total lung capacity and then blow through a mouthpiece as fast as possible, concentrate not on the volume but on the speed of
instantaneous expiration, and it is not necessary to exhale to residual volume.” Subjects were allowed to practice until they
could perform the tasks consistently. Data were collected 3 times for each task. The order of measurements for the 2 tasks
was randomly assigned. The onset of expiratory flow was decided visually at the time of a sharp change of thermistor signals
using MyoResearch software (Noraxon Inc., AZ, USA). Peak amplitude and its relative appearance time were detected using
BIMUTASII software (Kissei Comtec Co., Ltd., Nagano, Japan). The pre 200 msec EMG signals of the expiratory onset
time were loaded. Then, EMG signals were full-wave rectified, and the peak amplitudes (mV) were determined. The relative
appearance time of peak amplitude was calculated by the following equation: appearance time = peak amplitude appearance
of each muscle — expiratory flow onset (msec).

PEF, peak amplitude, and appearance time data in the 3 trials performed for each tasks were then averaged and used in
statistical analysis. SPSS Statistics 23.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. Differences
between FVC and FE exercise were analyzed using the paired t-test. Values were considered statistically significant at values
of p<0.05.

RESULTS

The characteristics of the subjects are shown in Table 1. PEF values were significantly higher during FE exercise than
during FVC (Table 2). The IO/TrA muscles showed significantly higher peak amplitude during FE exercise than during FVC.
There were no significant differences between FVC and FE exercise in the RA and EO muscles. There was no difference in
the appearance time of the peak amplitude between FVC and FE exercise in any muscle.

DISCUSSION

To the best of our knowledge, this is the first study to compare abdominal muscle activity and expiratory speed between
FVC and FE exercise. In this study, PEF was higher during FE exercise than during FVC. Variations in the speed, amplitude,
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Table 1. Characteristics of the subject Table 2. Mean + standard deviation of the PEF, peak amplitude,
and appearance time

Characteristics

Age (years) 20.9+0.5 FVC FE exercise

Height (cm) 169.6 + 3.8 PEF (I/min) 536.4+ 87.4 5729+80.9°

Weight (kg) 60.6 9.0 ) RA 0.16 £ 0.19 0.17 +£0.11

%VC 102.9 £ 13.8 fej}‘) amplitude 0.44 +0.29 0.46 +0.24

m

FEV,% 90.4 +4.3 10/TrA 1.44 +0.88 1.58+0.84 "

%VC: vital capacity/predicted vital ca- RA -29.4+13.0 —28.5+11.5

pacity; FEV %: forced expiratory volume Appearance EO 241+11.0 251+133

in one second/forced vital capacity time (msec) ’ ' ’ ’
10/TrA -31.9+15.1 -33.9+13.6

PEF: peak expiratory flow; FVC: forced vital capacity; FE: fast
expiration; RA: rectus abdominis; EO: external oblique; I0/TrA:
internal oblique and transversus abdominis

*p<0.05

or force of a movement can be produced by alterations in the motor program'!- 12, In this study, the subjects needed to exhale
as fast as possible to residual volume during FVC, so that the expiratory motor program was tasked to act strong for long.
On the other hand, the subjects needed to concentrate on the speed of instantaneous expiration during FE exercise, so that
the expiratory motor program was tasked only to act strong quickly. Literature proposed organizing principles for the control
of single-joint human movements in which tasks are performed by one of two strategies, called speed-insensitive and speed-
sensitive strategies!'!" 2. A model has been described, in which the movements made under a speed-insensitive strategy are
executed by controlling the duration and relative timing of amplitude invariant patterns of activation to the spinal motor neu-
ron pools'D. Another model has been proposed in which the movements made under a speed-sensitive strategy are executed
by controlling the intensity of an excitation pulse delivered to the motor neuron pool'?). In this study, FE exercise produced
higher activity in the IO/TrA muscle than the FVC, whereas appearance timing of the peak amplitude was not different be-
tween the two exercises. Therefore, movement under a speed-sensitive strategy might be made during the tasks, and different
PEF values were recorded!!> 12, In the literature, effects of explosive jump training and heavy resistance weight training on
the force-time characteristics of isometric contractions of the knee extensors were compared'?. Explosive training caused a
relatively greater increase in maximum rate of force development than in peak force, whereas heavy weight training caused
a larger increase in peak force and a slight change in maximum rate of force development!?). If one of the goals of EMST is
to develop expiratory speed, FE exercise should be included in the programs to consider a task-specific program. However,
this study was not a prospective study. Further study is needed to compare treatment effect on expiratory muscle strength
between FVC and FE maneuvers.In this study, the interesting finding was that, only the IO/TrA muscle activity was different
between tasks, whereas there was no significant difference in RA and EO muscle activity. The proportion of Type I and Type
II fibers was about equal in all the abdominal muscles, and a nearly equal proportion of ITA and IIB fibers were seen in the
RA as well as in the EO and 10; however, TrA had a higher proportion of Type IIB fibers'#). On the basis of the histochemical
analysis of muscle fiber composition, the TrA muscle might have advantage of a higher muscle contraction speed than the
other abdominal muscles. Accordingly, the anatomical contribution of the IO/TrA muscle to expiration is different from that
of the RA and EO. The action of the RA produces a caudal displacement and decrease in the anteroposterior diameter of the
rib cage, whereas the action of the EO causes a caudal displacement and decrease in the transverse diameter of the rib cage!®.
The activities of the TrA and 1O pull the abdominal wall inward and increase intra-abdominal pressure'®. As the abdominal
contents are virtually incompressible, the diaphragm moves cranially into the thoracic cavity'®. This displacement results in
an increase in pleural pressure and a decrease in lung volume!®. The action on the diaphragm might have high compliance
with the pleural pressure compared to the action on the rib cage owing to the elasticity of the tissue. Therefore, increase of
10/TrA muscle activity was selected to perform instantaneous expiration during FE exercise.

The present study has some limitations. The sample size is small. Another limitation of this study was that only young
male subjects were recruited, so the influence of gender was not observed. As part of the normative aging process, there is an
overall decline in skeletal muscle mass and strength. This decline has also been documented for the muscles of respiration!”.
Further study including a larger sample and other age groups is needed to establish effective breathing maneuvers in the
elderly.

Our results indicated that FE exercise might be beneficial for increasing expiratory speed and neuromuscular activation
of the IO/TrA muscles compared to FVC. These findings study should be considered when recommending a variation of the
EMST as part of a pulmonary rehabilitation program.
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