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Correlative analysis between diaphragm motion measured using fluoroscopy
and the indicator values of a respiratory monitoring device
which represent the level of the chest and abdominal wall
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Abstract : [Purpose] We investigated the correlation between diaphragm motion evaluated using fluoroscopy and a
respiratory monitoring device (Abches : APEX Medical, Inc, Tokyo), which comprised two arms for measuring changes in
the levels of the chest and abdominal walls. [Method] Fluoroscopic abdominal sequences (512x512 matrix, 5.36 f/s) during
normal and forced breathing were taken from five healthy men aged 22-23 years. Simultaneously, a video of the respiratory
indicator (Abches) was recorded (720x480 matrix, 30 f/s). Diaphragm positions in the fluoroscopic sequences were
measured and the indicator values were read from the videos. [Result] During normal respiration there was a linear
relationship between the indicator values and diaphragm positions measured using fluoroscopy. The coefficients of
correlation ranged from 0.958 to 0.985. During forced respiration the correlation of these values was quadric (r=0.919 to
0.996) . Hysteresis in the relationship between these motions was observed in two of the five cases. [Conclusion] In normal
breathing, we found that the correlation between fluoroscopic and respiratory indicator measurements had linearity. In
forced breathing, the correlation was quadric, and phase shifting between diaphragm motion and respiratory indicator

measurements was observed in two of the five cases.
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Table 1 Characteristics of the five cases
Case Age Sex Height Weight BMI*
A 22 M 166 55 20.0
B 23 M 168 58 20.5
C 23 M 165 75 27.5
D 22 M 165 52 19.1
E 23 M 172 75 254

* Body Mass Index
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Fig.1 Experimental setup, and the respiration monitoring device
indicator (Abches) video and the fluoroscopic sequence
obtained. Examples of a video frame showing the
respiratory indicator (a). a fluoroscopy frame (b) and the
setup for the experiment (c).
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3. RESULTS
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Fig.2 Correlation between diaphragm positions and the indicator values of the respiration monitoring device

under normal respiration.
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Fig.3 Correlation between diaphragm positions and the indicator values of the respiration monitoring device

under forced respiration.
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4. DISCUSSIONS
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Fig.4 An example of the phase shift in diaphragm positions and
the respiratory indicator values during forced respiration.
To clearly depict the phase shift, the diaphragm positions
and the indicator values were represented as
percentages based on the maximum difference in the
positions or values.
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