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Simulations of Bronchial Displacement Owing
to Solitary Pulmonary Nodules

Hiroko Kitaoka®” and Ryuji Takaki

On the basis of elasticity dynamics, we constructed math-
ematical models of bronchial displacements caused by well-
differentiated adenocarcinoma and inflammatory pulmonary
nodules. We simulated bronchial displacement with a three-
dimensional model of the airway tree that we constructed.
One-hundred sixty simulations of cancerous and inflammatory
displacements were performed, where 20 nodule centers were
placed in the right upper lobe in the three-dimensional bron-
chial model and four different sizes (30 mm, 37.5 mm, 45
mm, and 60 mm) of original lesions were assumed which
contracted to nodules of 15 mm in diameter. The three-di-
mensional simulation images were highly similar to the can-
cerous or inflammatory nodules in the clinical images. Angles
and distances in simulated structures between respective
branches and the nodule center were measured. The mean
value of angles of branches whose distance from the nodule
center was within a range of 6 mm to 12 mm was in good
accordance with the value obtained theoretically. Discrimi-
nation between cancer and inflammation was successfully
carried out by examining the distance dependency of the
angles. We concluded that the measurement of angles of linear
structures surrounding a pulmonary nodule would be use-
ful for its differential diagnosis.
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Fig. 1 Three-dimensional model of the human airway tree
down to terminal bronchioles (TBs). There are about 27,000
TBs.
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Fig.2 Displacement of a branch. « and 8 are branch-center angles
before and after displacement, respectively.
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Fig. 3 Frequency distribution of angles of branches in the airway tree.

A: Distribution of angles against the direction of gravity measured in a rat airway tree cast by Raabe, et al.?’
B: Distribution of angles measured in a three-dimensional model of the human airway tree.
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(A) B) ' S

Fig. 4 Simuiation images of bronchiai dispiacement corresponding to horizontai iayers of 6 cm in thickness.
A: Without displacement, B: cancerous displacement, C: inflammatory displacement.
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Fig. 5 Relationship between the coefficient of corrected diameter and the mean angles.
A: Ten cases in which distances between the center of the lesions and the thoracic wall are larger than 10 mm.
B: Ten cases in which distances between the center of the lesions and the thoracic wall are smaller than 10 mm.
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Table 1A Means and standard deviations of estimated mean angles(8 1 and 8 2)in simu- BB A WiciEE o R
lated images of ten cases in which distances between the center of the lesions g=
and the thoracic wall were larger than 10 mm A RENILEZOND, RER
Displacement Coefficient of ’ 20 Theoretical AR DEE XD 10mmk i O 554
B corrected diameter B f value i$, 10mmEl EOEEIZHT, #
none 1.0 56.6 £ 0.8 53.2+1.9 57.3 WHEPLOTIAKEPo/, 20
20 i, FNEEEEIVNS NI LR
cancerous 3 431107 37+24 30.5
b b = l.__ - - jlﬁ. A
25 36.4+2.2 24522 26.2 ﬁ_ 2liEe =it ii}; : 0:_1“17“” Io)i’”ij‘
3.0 325413 21241.0 21.8 213, BHIOXNR & % SO
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25 Py o 460 Yase n_f_rwmzm. WAL 25 i e
40.1£1.1 429414 418 RIY, SHORR, H5IER

DRGEW A NERELIFIRET 5. TR

225 Ak L IR ez (U] b e T
Table 1B Means and standard deviations of estimated mean angles(8 1 and 8 2)in simu- B2 12 S RAIY & I X h B g T

lated images of ten cases in which distances between the centers of the lesion HbH. EWEBATOBIZIE, |E
and the thorac'ic'wall were smaller than 10 mm ‘ W& & b1, MIEOERAb
Displacement o 0% ameter B pr  Theorelica DT, HHMOMHEE & B RKHEEO
none 1.0 56.0+1.5 533+24 (n=7)  57.3 B, WoEed 5 OEREAT10mmA
DEETY, 10mmbl k& [AFEEEIC
cancerous 2.0 429+26 29.6+3.8 (n=7) 30.5 LAl EdFHENS,
25 38.3+22 275+24(n=9) 26.2 PLEX Y, E0di 4 @ o g
3.0 32.4+1.1 21.8+2.3 21.8 O R DM AT T, »
4.0 26.4+£1.0 17.2+24 17.2 P
o, BOEEIL t'GD,.J IEREEE O
inflamrnatory 2.0 46.5+0.9 43.6+22 481 ENTETHD ZEATRRING.
25 43.2+08 43.0+1.8 46.0 ZITRETSH 7:&!;1:, WA T {2 D
3.0 413409 419415 43.9 W ICARTh2 EEDNSL. L
4.0 39.6+0.6 429+1.2 41.8 L, AFgETHW 2B FD
# Cases in which the number of branches was less than five are excluded. ¥ FEMEOMA A TE DL
9 2, FEEDIEB A S AE G CTHERR
LD LEENLFHGOF P LV BFETHE I L ERLTY % 'JZ.‘ac':iﬁ"&j %,
5, LGP I al—a TR, WJR2EEICRE L
TRZH LA DTEE X ) 10mmBL EDBEDY I 2L —T 3 A, EMEEEAOETOMEICIBELEZ LN D
Y EEOARERTIEIL, BREE R E R L. T, MER/NEMGEEHMEDZEN DS FREIZH) 2 EATE

Fig. 6 Simulation images of inflammatory nodules corresponding to frontal layers of 3 em in thickness.
A: The original inflammatory lesion is a region supplied by the tenth branch of B1b.

B: The original inflammatory lesion is spherical. The same simulation as that in Fig. 4C.

C: Without displacement.
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