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Fig.1 Locations of the electrodes placed on the body
surface

a ! Reference electrode on the acromion. b : the right middle

scalene muscle. ¢ : the right sternocleidomastoid muscle. d : the

external intercostal muscle in the eighth intercostal space.
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Table 1 Subjects’ characteristics and results of pulmonary function tests

SS:EEE (yijfs) Iiifl};t W(i‘gg;“ Type of Sport XC) VC% FEV10%
1 46 173 73 Marathon 445 114 83
2 29 168 67 Baseball 426 104 90
3 40 167 61 Soccer 4.3 111 82
4 25 153 59 Weight-lifting 378 100 89
5 41 155 62 Boxing 347 97 93
6 22 171 64 Marathon 4.65 108 85
7 26 173 72 Baseball 452 106 94
8 34 175 80 Baseball 4.69 113 84
9 22 170 65 Marathon 391 91 97

10 27 167 65 Baseball 445 109 90
11 27 169 58 Marathon 4.62 111 88
12 27 180 77 Marathon 59 133 94
13 32 172 63 Soccer 479 116 78
14 29 167 65 Baseball 442 109 87
15 24 163 67 Baseball 3.65 90 92
16 46 165 61 Cycling 456 123 77
17 28 166 74 Soccer 467 115 84
18 32 172 62 Soccer 4.65 112 92
19 41 182 80 Boating 5.82 139 83
20 34 185 82 Basketball 595 135 89

VC, vital capacity ; VC%, vital capacity% : FEV1.0%, forced expiratory volume in 1.0's (%)
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Fig.2 Representative raw EMG data
EMG data of the scalene (the second row), sternocleidomastoid (third row), and external intercostal (bottom row) muscles with
electrocardiogram (ECG) data (top row). Respiratory rhythm at (A) 18 breaths/min, (B) 30 breaths/min, and (C) 50 breaths/min.
(I) the inspiratory phase, (E) the expiratory phase. The vertical line represents the root mean square (RMS in xV) of the EMG.

The horizontal line represents the time (s). Amplitude and frequency (firing rate) of EMG signal is related to the magnitude of

muscle force. Amplitude and frequency (firing rate) of EMG signal increased with the rise of the respiratory rhythm.
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Fig.3 Comparisons of tidal volume, inspiratory flow and RMS values in 18 and 50 breaths/min
Comparisons of tidal volume (mL) (left bars graph) and inspiratory flow (L/min) (right bars graph) measured at
18 and 50 breaths/min (inspiratory times of 1.2 and 04 s), respectively (upper panel). Comparisons of root mean
square (RMS) values measured at 18 and 50 breaths/min (inspiratory times of 1.2 and 04 s) in the scalene muscles
(left bars graph), sternocleidomastoid muscles (middle bars graph), and external intercostal muscles (right bars
graph), respectively (lower panel). The differences in the medians are significant at P<0.0001, measured using the
Wilcoxon signed rank test, respectively.
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Fig.4 Changes in RMS ratios with increasing respiratory rhythm and progressive shortening of the
inspiratory time

Changes in root mean square (RMS) ratios with increasing respiratory rhythm and progressive shortening

of the inspiratory time in the scalene muscles (upper panel), sternocleidomastoid muscles (middle panel),

and external intercostal muscles (lower panel). The vertical line represents the ratio of RMS values relative

to that at 18 breaths/min and 1.2 s inspiratory time. The horizontal line represents the respiratory rhythm

(per min) and the inspiratory time (s).
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Table 2 Results of regression analysis between inspiratory flow and RMS

Subject Scalene muscle Sternocleidomastoid muscle External intercostal muscle
number
R? F-test t-value  p-value R? Ftest t-value  p-value R? F-test t-value  p-value
1 0.98 <.0001 29 <.0001 0.96 <.0001 18 <.0001 0.84 <.0001 9 <.0001
2 0.76 <.0001 7 <.0001 093 <.0001 15 <.0001 05 0.0008 4 0.0008
3 0.85 <.0001 10 <.0001 0.95 <.0001 17 <.0001 0.82 <.0001 9 <.0001
4 0.86 <.0001 10 <.0001 0.82 <.0001 9 <.0001 0.84 <.0001 9 <.0001
5 0.76 <.0001 <.0001 0.71 <.0001 6 <.0001 0.76 <.0001 7 <.0001
6 0.8 <.0001 <.0001 0.81 <.0001 8 <.0001 0.05 0.21 1 0.21
7 0.66 <.0001 <.0001 0.55 0.0014 4 0.0014 0.61 0.0006 5 0.0006
8 0.78 0.0003 0.0003 0.66 0.0001 5 0.0001 0.8 <.0001 7 <.0001
9 0.93 <.0001 15 <.0001 04 0.005 3 0.005 0.37 0.008 3 0.008
10 097 <.0001 22 <.0001 0.98 <.0001 25 <.0001 0.88 <.0001 10 <.0001
11 0.69 <.0001 6 <.0001 0.69 <.0001 6 <.0001 0.68 <.0001 6 <.0001
12 093 <.0001 14 <.0001 0.63 <.0001 0.0001 0.88 <.0001 11 <.0001
13 0.79 <.0001 8 <.0001 047 0.002 0.002 0.82 <.0001 8 <.0001
14 0.95 <.0001 18 <.0001 0.62 0.0001 0.0001 0.96 <.0001 20 <.0001
15 0.93 <.0001 14 <.0001 0.9 <.0001 11 <.0001 097 <.0001 20 <.0001
16 0.96 <.0001 19 <.0001 0.94 <.0001 14 <.0001 0.13 0.11 2 0.11
17 091 <.0001 13 <.0001 093 <.0001 14 <.0001 0.14 0.08 2 0.08
18 048 <.0001 4 <.0001 0.32 0.01 3 0.01 04 0.004 3 0.004
19 0.95 0.0014 18 0.0014 0.89 <.0001 12 <.0001 0.92 <.0001 13 <.0001
20 0.25 <.0001 3 <.0001 0.15 0.07 2 0.07 0.21 0.04 2 0.04

R?, coefficient of determination ; F-test, p-value based on F-test ; t-value, significance of each explanatory variable ; p-value, significance

probability of each explanatory variable
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Fig.5 Correlation of inspiratory airflow with RMS values
Correlation of inspiratory airflow (L/min) with RMS values (u V) in Subject 1 (A-1, A-2, and A3), Subject 11 (B-1, B-2, and B3), and
Subject 15 (C-1, C-2, and C3). Inspiratory flow vs. root mean square (RMS) value for the scalene muscles (Top : A-1, B-1, and C-1),
sternocleidomastoid muscles (Middle : A-2, B-2, and C-2), and external intercostal muscles (Bottom : A-3, B-3, and C-3), respectively.

R2 indicates coefficient of determination.
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Hiroshi SEKIGUCHI" ?, Masako NOBORIKAWA?, Yutaka KONDO?,
Kazuhiko HANASHIRO?, Ichiro KUKITA?

D Intensive Care Unit, Tomishiro Central Hospital, Social Medical Care Corporation Yuuai-Kai

2 Department of Emergency and Critical Care Medicine, Graduate School of Medicine, University of the Ryukyus
3 Department of Laboratory, Tomishiro Central Hospital, Social Medical Care Corporation Yuuai-Kai

4 Department of Public Health and Hygiene, Graduate School of Medicine, University of the Ryukyus

Corresponding author : Hiroshi SEKIGUCHI
Intensive Care Unit, Tomishiro Central Hospital, Social Medical Care Corporation
Yuuai-Kai
25, Ueta, Tomigusuku, Okinawa, 901-0243, Japan

Key words : tachypnea, inspiratory muscle, surface electromyogram, inspiratory flow, root mean square

Abstract

Tachypnea is an important indicator that suggests an increase in the work of breathing and is also an indicator
that should not be overlooked in the clinical setting. Measuring the respiratory rate is one of quantitative method
for evaluating the work of breathing. In addition, when the contraction of accessory muscles accompanies tachy-
pnea, changes in the muscle contraction level are also complementary indicators to estimate the work of breathing
during tachypnea. In this study, tachypnea with an increase in inspiratory flow was experimentally generated
using a mask-type ventilator attached to healthy male subjects, and the surface electromyographic signals were
quantified using the root mean square (RMS) to analyze the changes in the contraction levels of the scalene, ster-
nocleidomastoid, and external intercostal muscles. Regression analysis revealed a positive correlation between an
increase in inspiratory flow and RMS. When the inspiratory time was reduced to 04 s, electromyographic signals
increased by 5.1-fold (scalene muscle), 4.6-fold (sternocleidomastoid muscle), and 3.5-fold (external intercostal
muscle) compared with the values at initial measurement (1.2 s). Therefore, although under experimental condi-
tions, the inspiratory muscle activity during tachypnea could be evaluated quantitatively using surface electro-

myogram.
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