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Fig. 1. (a) Anteroposterior diameters (Y axis) and (b) bilateral trans-
verse diameters (X axis) were measured at 10 segments as indicated by

dotted lines.
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BHRER Y T OREIT R KL T\ 5
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BE) - ME O REER L, IR R O A
ek L LT, EAHEEEA, BiE
IREATE, LA E TOMME, b LXOEPTIX
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B (eZ) CWMBMORRKEOWER (Z) %50,
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Fig. 2. Cephalocaudal (Z axis) lengths were
measured at 7 segments as indicated by dotted
lines.
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Fig. 3. Simple column and trapezoid conic model method.
Assuming that the lower part (from Th6 to 9) is a column and the upper
part (from Th3 to 5) is a trapezoid conic, each volume was calculated by

using the radius.

Volume (column part) =7 x 72 x Hi

Volume (cone part) =1/3 X xH2x (a2 +ab+b?)
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i (BB 6~9 itz AV ) - B
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% dViid, 1EIOWEICKT A RERT (=
WP VR L 7 BB s G s ic A4 L,

Table 1. Average anteroposterior (Y) and bilateral transverse (X) diameters of thoracic cage were measured in
10 segments (Th3-12), and Average of area were requested from Y, X axis by eight healthy volunteers.

Thoracic vertebra 3 4 5 6 7 8 9 10 11 12
iY (mm) 71.4 88.6 1029 111.6 1185 122.8 1254 1276 1309 1334
eY (mm) 70.4 86.0 98.3 109.8 117.5 122.0 1246 1274 1288 130.5
dY (mm) 1.0 2.6 4.6 1.8 1.0 0.8 0.8 0.2 2.1 2.9
iX (mm) 1714 199.3 2175 2271 2324 233.0 234.6 2364 238.8 242.0
eX (mm) 164.5 1944 214.0 225.1 231.3 2324 233.6 2350 236.6 240.9
dX (mm) 6.9 4.9 3.5 2.0 1.1 0.6 1.0 1.4 2.2 1.1
iA (cm?) 96 139 176 199 217 225 232 238 247 255
eA (cm?) 91 131 165 194 214 223 231 236 241 249
dA (cm?) 5 8 11 5 3 2 1 2 6 6

1Y =the diameter in inspiration, eY =the diameter in expiration, dY =iY —eY.
iX =the diameter in inspiration, eX =the diameter in expiration, dX =iX —eX.
iA =transverse areas of inspiration, eA =transverse areas of and expiration, dA =iA —eA
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Fig. 4. Relative change (%) with standard error of (a) anteroposterior
and (b) transverse diameters in 10 segments (Th3-12).

Table 2. Average cephalocaudal (Z) lengths were measured in 7 segments by eight healthy volunteers.

. Thoracic
Right lung vertebra Left lung
Thelrib-Position
apposition Top of Apex basic Apex Top of apposition
zone diaphragm cordis cordis cordis diaphragm zone
iZ (mm) 216.8 174.1 189.1 208.5 207.3 187.5 225.4
eZ (mm) 199.8 156.9 170.0 1904 185.8 170.1 205.0
dZ (mm) 17.0 17.2 19.1 18.1 21.5 174 20.4

iZ=the diameter in inspiration, eZ=the diameter in expiration, dZ=iZ —eZ.

61cm3 &7n- 7z,

25 3~9 it 7 AV F ORGSR VT,
FRRFOMINBESE ZHIBL, 8 ADZDF
¥l & 745y % Table 4 ITRd. BOEICLSH
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mE (dz) ZRLCTWab. AifiEREEAR 17
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Fig. 5. Relative change(%) and standard error of cepharocaudal

lengths in 7 segments.

Table 3. Capacity in thoracic cage by simple column
and trapezoid conic model method.

Th3~5 Th6~9 Total
iVi (cm3) 1020 2278 3298
eVi (cm?3) 981 2256 3237
dVi (cm3) 39 22 61

iVi=the capacity in inspiration, eVi=the capacity in
expiration, dVi=iVi—eV1

Table 4. Capacity in thoracic cage by integration

method.

3 4 5 6 7 8

iVe (ecm®) 190 279 363 421 474 508 543 2778
eV (cm3) 180 264 340 410 468 504 538 2704
dVz (cm3) 10 15 23 11 6 4 5 74

9 Total

iVz=the capacity in inspiration, eV2=the capacity in
expiration, dV2=iVz—eV:
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%, W5HED FRC ki, OfSME - &
KM€ 5 )V Tld, Table3 TrRd LI, 8
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Fig. 6. Comparison between spirometer and capacity by simple column
and trapezoid conic model method, and integration method in thoracic

cage.
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Three-dimensional Analysis of Resting Respiratory Movement by MR Imaging
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We propose a new method to evaluate lung volume that uses magnetic resonance (MR) images to
examine pulmonary function of patients with respiratory disease in whom use of measuring tools such
as a spirometer is difficult. In 8 healthy volunteers, we acquired MR images of their lungs during rest
breathing and selected inspiratory and expiratory images from these to estimate lung volume. We
measured the anterioposterior and bilateral diameters and the cephalocaudal distances of the thoracic
lumen on the basis of the positions of the thoracic vertebrae and diaphragm and used these data to cal-
culate the increments of thoracic lumen capacity in inspiratory images with a simple column and
trapezoid conic model or an integration method and found that both methods gave similar results. We
then compared the calculated values with the measured Tidal volume data and found good agree-
ment. Those methods compared with Tidal Volume. The total increment of the capacity consists of
the diaphragm (~90%) and the thorax factor (~10%). We estimated that the increment of the
capacity during inspiratory is /ca./90% from the diaphragm and /ca./ 10% from the thorax motions.
In conclusion, our proposed method using MR images is very useful for separately evaluating di-
aphragm and thorax factors.
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